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Radiological Open Issue No.1
Air particulate sampling for less than 12 months

July 27 2009 Teleconference

Open Issue discussion:

The NRC staff notes that the air particulate and radon samples do not represent a
minimum of 12 consecutive months of data as recommended by Regulatory Guide 4.14.
Particulate and air samples do not represent one full year. It is noted that 10 CFR Part 40,
Appendix A, Criterion 7, requires one full year of data prior to any major site
construction. Table 2.9-12, presents two quarters of radon data.

Answer:

Data from Air particulate monitoring is presented in Section 2.9.6 of the original License
Application, October 2007. Supplemental monitoring data was submitted as Addendum
2.9A - Supplemental Analytical Monitoring Data, in the Technical Report RAI response
dated July 2008. Air particulate data was collected from four locations (MRA-1, MRA-2,
MRA-3 and MRA-4) at the Moore Ranch site. Data collection began at all four sites on
February 6, 2007. Data was collected from February 6, 2007, to November 28, 2007
(MRA-1) and January 9, 2008 (MRA-2, MRA-3, and MRA-4). To meet the
recommendations of Regulatory Guide 4.14, Uranium One in consultation with Doug
Mandeville, NRC Project Manager, has committed to reestablish all four stations at the
Moore Ranch site to collect air particulate data during the months of December 2009,
through February 1, 2010. Data will be submitted to NRC as a revised Addendum 2.9-A
of the Technical Report.

Table 2.9.5.2.2(s) of Addendum 2.9A submitted in July 2008 presents four quarters of
radon data.

Proposed Revisions to License Application

None at this time, Addendum 2.9 A, of Section 2.9 of the Technical Report will be
revised with additional air particulate monitoring data during the second quarter 2010.
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Radiological Open Issue No. 2
Lack of livestock sampling not justified

July 27 2009 Teleconference

Open Issue discussion:

The staff notes that the applicant did not report the range, population, residence time, or
habitat of livestock within the license area and surrounding 2.0-mile radius as provided in
Figure 2.2-1 of the Technical Report. The applicant concluded that the potential for
bioaccumulation of radionuclides in these animals would be limited but provided no data
or justification for this statement.

Answer:
As stipulated in Section 2.8.2 of the Technical Report the regional setting for the license
area is on all private lands used for sheep grazing as the principle land use in the region.
Discussions with the land owner indicated that population and residence time for grazing
animals is 700 sheep year round and an additional 150 sheep during the period from April
1st through November 1" of each year. Of these approximately 650 feeder lambs are
harvested each year for human consumption.

Based on this information EMC will collect baseline samples from three lambs. Samples
will be collected and analyzed for the parameters specified in Regulatory Guide 4.14.
Results from this sampling will be included in the Technical Report, Section 2.9.11 Food
Sampling.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this SER
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

None at the time
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Radiological Open Issue No. 3
Lack of crop sampling not justified

July 27 2009 Teleconference

Open Issue discussion:

The staff notes that the applicant did not address the collection of crop samples or
provide a justification for not collecting crop samples.

Answer:

Discussions with the land owner confirm that no crops have been raised or harvested
at the Moore Ranch property for over 20 years. The last pasture land that was utilized
for hay harvesting was conducted in the late 1980's. All pastureland is presently
utilized for grazing/foraging by livestock specifically sheep.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-
line/strikeout method.

2.2.2 Land Use

Land use within the Moore Ranch License Area and a 2.0-mile review area around
the License Area is illustrated on Figure 2.2-1. Table 2.2-1 describes the land use
types depicted on Figure 2.2-1.

Table 2.2-2 presents land uses in 22 1/20 sectors centered on each of the 16 compass
points. These sectors radiate out from the geographic center of the License Area. The
total areas of the sectors vary because of the irregular site boundary. Rangeland is the
primary land use within the License Area and within the surrounding 2.0-mile area.
Oil and gas production facilities and infrastructure are located on rangeland land uses
throughout the review area. The review area also contains pastureland to the west of
the License Area. There are no other land uses that occur within the License Area and
the surrounding 2.0-mile area.

Table 2.2-1 Land Use Definitions

Land Use I-Definition

Pastureland (P) Land used primarily for the long-term
I production of adapted, domesticated forage

September 2007 1
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plants to be grazed by livestock or occasionally
cut and cured for livestock feed.

Rangeland (R) Land, roughly west of the 100th meridian,
where the natural vegetation is predominantly
grasses, grass-like plants, forbs, or shrubs;
which is used wholly or partially for the grazing
of livestock. This category includes wooded
areas where grasses are established in clearings
and beneath the overstory.

Crop sampling was not performed at the Moore Ranch Uranium Proiect because there
are no crops currently being raised within the nroiect area. Discussions with the land
owner confirmed that crops have not been raised on pasture lands located within the
project area since the late 1980's.
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Table 2.2-2 Land Use of the Proposed Moore Ranch License Area and within a
2.0-Mile (3.3-km) Radius of the License Area Boundary

Land Use within 2.0-
Mile Buffer

Land Use within Surrounding License
License Area (in Area

Compass Sector acres) (in acres) Total
P R/I P R/I

NORTH 95.7 266.0 0.0 2,473.6 2,835.3
NNE 208.7 199.3 0.5 2,426.7 2,835.3
NE 287.9 89.6 2,083.7 374.1 2,835.3

ENE 328.5 347.9 805.7 1,353.2 2,835.3
EAST 0.0 678.7 218.4 1,938.3 2,835.3
ESE 0.0 368.6 0.0 2,466.6 2,835.3
SE 0.0 357.1 0.0 2,478.2 2,835.3

SSE 0.0 277.0 0.0 2,558.3 2,835.3
SOUTH 0.0 233.1 0.0 2,602.2 2,835.3

SSW 0.0 452.5 0.0 2,382.8 2,835.3
SW 0.0 618.4 0.0 2,216.8 2,835.3

WSW 11.6 599.8 0.0 2,223.9 2,835.3
WEST 198.9 316.7 0.0 2,319.6 2,835.3
WNW 93.5 345.8 0.0 2,396.0 2,835.3
NW 54.6 240.9 0.0 2,539.8 2,835.3

NNW 64.7 357.1 0.0 2,413.5 2,835.3
TOTAL 1,344.0 5,748.7 3,108.2 35,163.7 45,364.7

122 1/20 sectors centered on each of the 16 compass points
2See Table 2.2-1 for an explanation of land use types: P = pastureland; R = rangeland.

Industrial and Mining land uses are sub-categories of the dominant rangeland land use
within the License Area and the surrounding 2.0-mile review area. The Industrial and
Mining land use sub-categories consists of ongoing oil and natural gas production
facilities located throughout rangeland that is also used for grazing.

In 2006, an average of 50,000 livestock were reported for Campbell County (NASS
2007). Native grasslands are used for grazing within the License Area and the
surrounding 2.0-mile area, and for cut hay in the northeast part of the review area. In
2005, cash receipts for livestock sales totaled $99.8 million in Campbell County. Table
2.2-3 shows the 2006 livestock inventory for Campbell County.
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2See Table 2.2-1 for an explanation of land use types: P = pastureland; R = rangeland. 

Industrial and Mining land uses are sub-categories of the dominant rangeland land use 
within the License Area and the surrounding 2.0-mile review area. The Industrial and 
Mining land use sub-categories consists of ongoing oil and natural gas production 
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2.2-3 shows the 2006 livestock inventory for Campbell County. 
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Table 2.2-3 2006 Livestock Inventory for Campbell County

Animal Units a

Percent Pounds
Type of Livestock Number of Total (000s) Percent

Beef Cows 49,950 39.0 49,950 47.3

Cows 50,000 39.1 50,000 47.4

Breeding Sheep & Lambs 28,000 21.9 5600 5.3

Total animals 127,950 100.0 105,550 100.0
Notes:
aAnimal unit conversions:

1 cow = 1,000 lb.
1 sheep = 200 lb.
1 animal unit 1,000 lb.

Source: USDA 2006.

Recreational lands also are present in Campbell, Natrona, Johnson, Converse, Niobrara,
and Weston Counties within 50-miles of the License Area (Table 2.2-4). Recreational
opportunities provided by federal and state lands in the county have become an
increasingly important component of the local economy. The regional setting of the
License Area provides broad, panoramic prairie landscapes, which provide a setting for a
variety of outdoor recreational activities. Major attractions include the Thunder Basin
National Grassland, several state historic sites, and the historic Bozeman Trail.

There is no recreational use of the License Area or the surrounding 2.0-mile area, as all of
the land is privately owned; however, opportunities for developed and dispersed
recreation exist on federal and state lands throughout the five counties that are within the
50-mile radius of the License Area. Developed recreational facilities, such as
campgrounds, are generally limited to private lands in or near to larger communities
within the 50-mile radius. These communities provide a variety of municipal and private
recreational facilities including golf courses, rodeo grounds, ball parks, and swimming
pools.

The region within the 50-mile radius of the License Area includes several special
recreation management areas on public and private lands (Table 2.2-4). Limited
developed recreation facilities are also located in special management areas on Bureau of
Land Management (BLM)-administered public lands.

Table 2.2-4 Recreational Areas within 50-miles of the Moore Ranch License Area

September 2007 5
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Distance From
Moore Ranch
License Area

Name of Recreational Facility Managing Agency (miles)
South Bighom/Red Wall Back Wyoming Department of 41.0
Country Byway Transportation

Bozeman Trail Various agencies 1.0

Thunder Basin National
Grassland US Forest Service 14.0

Pumpkin Buttes BLM - Buffalo Field Office 10.0

Wyoming State Parks and
Fort Reno Historic Site Cultural Resources 27.0

1 Department
Source: DeLorme Maps, 2003

Based on a site reconnaissance conducted in May 2007 and a 2006 aerial photo of the
License Area, there are no occupied housing units in the License Area. Table 2.2-5 shows
the distance to the nearest residence and to the nearest site boundary from the center of
the site for each 22 1/2' sector centered on each of 16 compass points for the License
Area. The nearest resident is 4.3 miles to the east of the License area as shown on Figure
2.2-1.

September 2007 6
September 2007 6

• 

• 

r; 
ENERGyMETALS 

CORPORATION US 

Name of Recreational Facility 
South BighornlRed Wall Back 
Country Byway 

Bozeman Trail 

Thunder Basin National 
Grassland 

Pumpkin Buttes 

Fort Reno Historic Site 

Source: DeLorme Maps, 2003 

ENERGY METALS CORPORATION lJS 
License Application, Technical Report 

Moore Ranch Uranium Project 

Distance From 
- Moore Ranch 

License Area 
Managing Agency (miles) 

Wyoming Department of 
41.0 Transportation 

Various agencies 1.0 

US Forest Service 14.0 

BLM - Buffalo Field Office 10.0 

Wyoming State Parks and 
Cultural Resources 27.0 
Department 

Based on a site reconnaissance conducted in May 2007 and a 2006 aerial photo of the 
License Area, there are no occupied housing units in the License Area. Table 2.2-5 shows 

. the distance to the nearest residence and to the nearest site boundary from the center of 
the site for each 22 112° sector centered on each of 16 compass points for the License 
Area. The nearest resident is 4.3 miles to the east ofthe License area as shown on Figure 
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Table 2.2-5 Distance to Nearest Residence and Site Boundary from Center of
Moore Ranch License Area for Each Compass Sector within the 2.0-
Mile Radius

Nearest Residence Nearest Site
Compass Sector' (miles) I Boundary (feet/mile)

North 14.2 8,050/1.5

North-Northeast 8.5 8,700/1.6

Northeast 9.0 7,730/1.5

East-Northeast 15.0 9,180/1.7

East 4.3 10,620/2.0

East-Southeast 25.0 10,300/2.0

Southeast 5.0 7,407/1.4

South-Southeast 9.3 8,700/1.6

South 8.3 7,730/1.5

South-Southwest 9.0 8,050/1.5

Southwest 26.5 11,100/2.1

West-Southwest 8.5 11,300/2.1

West 8.0 10,600/2.0

West-Northwest 12.0 7,400/1.4

Northwest 10.2 8,050/1.5

North-Northwest 8.0 9,000/1.7
1 221/2' sectors centered on each of the 16 compass points
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Radiological Open Issue No. 4
Baseline groundwater sampling for less than 12 months

July 27 2009 Teleconference

Open Issue discussion:

The staff notes that the applicant collected less than one full year of groundwater
samples. However, 10 CFR 40 Appendix A, Criterion 7, requires that prior to any major
site construction, a preoperational monitoring program covering one full year must be
conducted to provide complete baseline data at a milling site and its environs.

Answer:

In consultation with NRC (July 28, 2009 telephone conversation with Doug Mandeville)
Uranium One will collect samples to fill in any ground water data gaps on a quarterly
basis. The primary ground water data gaps identified were in the first Quarter.
Monitoring wells will be sampled in the first Quarter of 2010 to fulfill the requirement of
one full year of data. Table 2.7.3-19 of theTechnical Report will be revised to include
these data and will be provided to the NRC prior to any major site construction. Uranium
One anticipates the revised data will be submitted to NRC at the end of the March 2010.

Proposed Revisions to License Application

Table 2.7.3-19 will be revised to include the first quarter ground water sample results and
submitted to NRC at the end of March 2010.
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site construction, a preoperational monitoring program covering one full year must be 
conducted to provide complete baseline data at a milling site and its environs. 

Answer: 

In consultation with NRC (July 28, 2009 telephone conversation with Doug Mandeville) 
Uranium One will collect samples to fill in any ground water data gaps on a quarterly 
basis. The primary ground water data gaps identified were in the first Quarter. 
Monitoring wells will be sampled in the first Quarter of2010 to fulfill the requirement of 
one full year of data. Table 2.7.3-19 of the Technical Report will be revised to include 
these data and will be provided to the NRC prior to any major site construction. Uranium 
One anticipates the revised data will be submitted to NRC at the end of the March 2010. 

Proposed Revisions to License Application 

Table 2.7.3-19 will be revised to include the first quarter ground water sample results and 
submitted to NRC at the end of March 2010. 



Radiological Open Issue No. 5
Baseline surface water sampling for less than 12 months

July 27 2009 Teleconference

Open Issue discussion:

The staff notes that the applicant collected less than one full year of surface water
samples. However, 10 CFR 40 Appendix A, Criterion 7, requires that prior to any major
site construction, a preoperational monitoring program covering one full year must be
conducted to provide complete baseline data at a milling site and its environs.

Answer:

One full year of surface water quality data has been collected at twelve surface water
sites for the Moore Ranch project. Tables 2.7.3-1 through 2.7.3-9 have been revised to
include updated water quality data. Tables 2.7.3-10 (Surface Water - Seasonal Averages)
and 2.7.3-11 (Surface Water - Average Concentrations) will be updated and relabeled as
2.7.3-11b and 2.7.3-11c. In the original Technical Report (October 2007), no flow was
recorded at surface water sites MRSW -10 and MRSW-11, therefore no tables were
provided in the document. Additional monitoring has yielded samples from MRSW-10
and MRSW-11, thus tables 2.7.3-10 and 2.7.3-11 are included for these two sites. One
new surface water site (MRSW-12) was added to the monitoring network at the request
of the WDEQ-LQD District III, data for this site is presented in Table 2.7.3-1 la.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this SER
Open Issue. Changes to the original text as submitted to NRC are noted in red-
line/strikeout method.

• 

• 

Radiological Open Issue No.5 
Baseline surface water sampling for less than 12 months 

July 27 2009 Teleconference 

Open Issue discussion: 

The staff notes that 'the applicant collected less than one full year of surface water 
samples. However, 10 CFR 40 Appendix A, Criterion 7, requires that prior to any major 
site construction, a preoperational monitoring program covering one full year must be 
conducted to provide complete baseline data at a milling site and its environs. 

Answer: 

One full year of surface water quality data has been collected at twelve surface water 
sites for the Moore Ranch project. Tables 2.7.3-1 through 2.7.3-9 have been revised to 
include updated water quality data. Tables 2.7.3-10 (Surface Water - Seasonal Averages) 
and 2.7.3-11 (Surface Water - Average Concentrations) will be updated and relabeled as 
2.7.3-11b and 2.7.3-11c. In the original Technical Report (October 2007), no flow was 
recorded at surface water sites MRSW -10 and MRSW-11, therefore no tables were 
provided in the document. Additional monitoring has yielded samples from MRSW-10 
and MRSW-11, thus tables 2.7.3-10 and 2.7.3-11 are included for these two sites. One 
new surface water site (MRSW-12) was added to the monitoring network at the request 
ofthe WDEQ-LQD District III, data for this site is presented in Table 2.7.3-11a . 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this SER 
Open Issue. Changes to the original text as submitted to NRC are noted in red­
line/strikeout method. 
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Table 2.7.3-1 Water Quality Data from MRSW-1
MRSW-1

Parameters 11/312006 3/23/2007 6/15/2007 7/8/2008 10/23/2008 2/912009 311112009 4/22/2009 7/27/2009 10/27/2009 Average
Bicarbonate as HCO3, mg/L 1140 814 391 187 269 290 514 515
Carbonate as C03, mg/L 19 43 50 8 18 168 208 73
Chloride, mg/L 10 3 3 <1 <1 2 7 4
Conductivity, umhos/cm 1940 1260 714 308 434 914 1280 979
Fluoride, mg/L 0.5 0.7 0.4 1 0.1 0.2 0.4 0.6 0.4
pH, s.u. 8.48 9.06 9.44 8.64 8.76 9.88 9.74 9.14
Solids, Total Dissolved TDS @ 180 C, mg/L 1160 772 472 78 221 270 590 771 542
Solids, Total Suspended TSS @ 105 C, mg/ 19.3 9 4 46 5 20 11 16 16
Sulfate, mg/L 39 <1.0 2 3 3 <1 3 7
Turbidity, NTU 15.5 8.1 22.3 9.2 23.5 17.5 14.1 15.7
Gross Alpha, pci/L (dissolved) 6.8 1 <1.6 4.5 <4.3 <7.8 4.3
Gross Beta, pci/L (dissolved) 21.8 10.3 4.2 4.9 8.7 12.2 10.4
Lead 210, pci/L (dissolved) 170* <1.0 1 <2.8 <3.1 <2.2 * 2
Polonium 210, pci/L (dissolved) <1.0 <1.0 <1.0 <0.7 <0.8 <0.8 <0.6 <0.84
Radium 226, pci/L (dissolved) <0.2 <0.2 <0.2 <0.12 <0.13 0.32 <0.22 <0.20
Radium 228, pci/L (dissolved) <1.0 <1.0 <1.0 1 <1.5 <1.3 <1 <2.2 <1.3
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.2 <0.5 <0.6 <0.4 <0.2 <0.4

Nitrogen, Ammonia as N, mg/L 0.15 0.08 0.12 <0.05 <0.05 <0.05 0.07 0.08

Nitrogen, Nitrate+Nitrite as N, mg/L 0.8 <0.1 <0.1 <0.05 <0.05 0.02 <0.1 <0.17
Aluminum, mg/L (dissolved) <0.1 1.1 <0.1 0.4 0.4 <0.1 0.31
Arsenic, mg/L (dissolved) 0.002 0.002 0.006 0.002 0.002 0.008 0.006 0.004
Barium, mg/L (dissolved) 0.5 0.5 0.1 1 0.2 0.3 0.1 0.2 0.3
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 1 <0.005 <0.005 <0.005 <0.005 <0.005
Calcium, mg/L 43 13 7 12 18 9 10 16
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Copper, mg/L (dissolved) <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01
Iron, mg/L (dissolved) 0.07 0.07 0.6 0.05 0.26 0.22 0.08 0.19
Lead, mg/L (dissolved) <0.05 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.05
Magnesium, mg/L 56 35 14 9 13 23 33 26
Manganese, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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Table 273-1 Water Quality Data from MRSW-l .. 

MRSW-1 
Parameters 11/3/2006 3123/2007 6/15/2007 7/812008 10123/2008 219/2009 3111/2009 4/2212009 7/27/2009 10/27/2009 Average 

Bicarbonate as HC03, mg/L 1140 814 391 187 269 290 514 515 
Carbonate as C03, mg/L 19 43 50 8 18 168 208 73 
Chloride, mg/L 10 3 3 <1 <1 2 7 4 
Conductivity, umhos/cm 1940 1260 714 308 434 914 1280 979 
Fluoride, mg/L 0.5 0.7 0.4 0.1 0.2 0.4 0.6 0.4 
pH, s.u. 8.48 9.06 9.44 8.64 8.76 9.88 9.74 9.14 
Solids, Total Dissolved TDS@ 180 C, mg/L 1160 772 472 78 221 270 590 771 542 
Solids, Total Suspended TSS@ 105 C, mgll 19.3 9 4 46 5 20 11 16 16 
Sulfate, mg/L 39 <1.0 2 3 3 <1 3 7 
Turbidity, NTU 15.5 8.1 22.3 9.2 23.5 17.5 14.1 15.7 
Gross Alpha, pci/L (dissolved) 6.8 1 <1.6 4.5 <4.3 <7.8 4.3 
Gross Beta, pci/L (dissolved) 21.8 10.3 4.2 4.9 8.7 12.2 10.4 
Lead 210, pci/L (dissolved) 170* <1.0 1 <2.8 <3.1 <2.2 ** 2 
Polonium 210, pci/L (dissolved) <1.0 <1.0 <1.0 <0.7 <0.8 <0.8 <0.6 <0.84 
Radium 226, pci/L (dissolved) <0.2 <0.2 <0.2 <0.12 <0.13 0.32 <0.22 <0.20 
Radium 228, pci/L (dissolved) <1.0 <1.0 <1.0 <1.5 <1.3 <1 <2.2 <1.3 
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.2 <0.5 <0.6 <0.4 <0.2 <0.4 
Nitrogen, Ammonia as N, mg/L 0.15 0.08 0.12 <0.05 <0.05 <0.05 0.07 0.08 
Nitrogen, Nitrate+Nitrite as N, mg/L 0.8 <0.1 <0.1 <0.05 <0.05 0.02 <0.1 <0.17 
Aluminum, mg/L (dissolved) <0.1 1.1 <0.1 0.4 0.4 <0.1 0.31 
Arsenic, mg/L (dissolved) 0.002 0.002 0.006 0.002 0.002 0.008 0.006 0.004 
Barium, mg/L (dissolved) 0.5 0.5 0.1 0.2 - 0.3 0.1 0.2 0.3 
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Calcium, mg/L 43 13 7 12 18 9 10 16 
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Copper, mg/L (dissolved) <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 
Iron, mg/L (dissolved) 0.07 0.07 0.6 0.05 0.26 0.22 0.08 0.19 
Lead, mg/L (dissolved) <0.05 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.05 
Magnesium, mg/L 56 35 14 9 13 23 33 26 
Manganese, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 . 
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Table 2.7.3-1(cont.) Water Quality Data from MRSW-1
MRSW-I

Parameters 111312006 3/2312007 6115/2007 718/2008 10/23/2008 2/9/2009 3/11/2009 4/22/2009 7/27/2009 10/27/2009 Average
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Potassium, mg/L 17 11 7 7 5 11 12 10
Selenium, mg/L (dissolved) <0.001 <0.001 <0.002 1 <0.001 <0.001 <0.001 <0.001 <0.001
Silica, mg/L 4.7 2.3 8.4 4.3 5.2 6.5 0.5 4.6

Sodium, mg/L 355 243 133 43 68 186 273 186
Uranium, mg/L (dissolved) 0.0052 0.0007 0.0006 0.0003 <0.0003 0.0004 0.0008 0.0012
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Zinc, mg/L (dissolved) <0.01 <0.01 <0.01 - <0.01 0.03 <0.01 <0.01 <0.01

Iron, TOTAL mg/L 0.26 0.38 1.31 0.36 1.62 0.96 0.54 0.78

Manganese, TOTAL mg/L 0.01 0.02 0.04 <0.01 0.03 0.03 <0.01 0.02

Lead 210, suspended pci/L <2.0 <1.0 <1.0 <3.9 <5.7 <3.8 <2.7
Polonium 210 suspended, pci/L <2.0 <1.0 <1.0 <0.5 <0.4 <0.5 <0.3 <0.9
Radium 226 suspended, pci/L <0.4 <0.2 <0.2 <0.3 0.2 <0.09 <0.1 <0.2

Thorium 230 suspended, pci/L <0.4 <0.2 <0.2 <0.3 <0.3 <0.05 0.05 <0.2

Uranium suspended, pci/L <0.0003 <0.0003 <0.0003 0.0003 0.0004 <0.0003 0.0036 <0.0003

* Anomalous value considered analytical error.
** 10-27-09 Lead 210 results not available from lab as of 12-10-09.
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Table 2.7.3-1(cont.) Water Quality Data from MRSW-l 

MRSW-1 
Parameters 11/3/2006 3123/2007 6/15/2007 7/812008 10123/2008 219/2009 3111/2009 4/2212009 7/27/2009 10/27/2009 Average 

Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Potassium, mg/L 17 11 7 7 5 11 12 10 
Selenium, mg/L (dissolved) <0.001 <0.001 <0.002 <0.001 <0.001 <0.001 <0.001 <0.001 

Silica, mg/L 4.7 2.3 8.4 4.3 5.2 6.5 0.5 4.6 
Sodium, mg/L 355 243 133 43 68 186 273 186 
Uranium, mg/L (dissolved) 0.0052 0.0007 0.0006 0.0003 <0.0003 0.0004 0.0008 0.0012 
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Zinc, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 <0.01 
Iron, TOTAL mg/L 0.26 0.38 1.31 0.36 1.62 0.96 0.54 0.78 
Manganese, TOTAL mg/L 0.01 0.02 0.04 <0.01 0.03 0.03 <0.01 0.02 
Lead 210, suspended pci/L <2.0 <1.0 <1.0 <3.9 <5.7 <3.8 ** <2.7 

Polonium 210 suspended, pci/L <2.0 <1.0 <1.0 <0.5 <0.4 <0.5 <0.3 <0.9 

Radium 226 suspended, pci/L <0.4 <0.2 <0.2 <0.3 0.2 <0.09 <0.1 <0.2 

Thorium 230 suspended, pci/L <0.4 <0.2 <0.2 <0.3 <0.3 <0.05 0.05 <0.2 

Uranium suspended, pci/L <0.0003 <0.0003 <0.0003 0.0003 0.0004 <0.0003 0.0036 <0.0003 

* Anomalous value considered analytical error. 
** 10-27-09 Lead 210 results not available from lab as of 12-10-09. 
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Table 2.7.3-2 Water Quality Data from MiRSW-2

MRSW-2
Parameters 1012512006 3123/2007 6115/2007 7/8/2008 10123/2008 2/912009 3/1112009 4122/2009 7V27/2009 10127/2009 Average
Bicarbonate as HCO3, mg/L 1010 748 532 283 180 107 78 420
Carbonate as C03, mg/L 52 22 33 6 6 68 86 39
Chloride, mg/L 9 3 2 2 <1 1 2 3
Conductivity, umhos/cm 1520 1120 870 448 274 401 439 725
Fluoride, mg/L 0.7 0.6 0.4 0.2 0.1 0.2 0.2 0.3
pH, s.u. 8.96 8.8 9.13 8.61 8.59 10 10.6 9.24
Solids, Total Dissolved TDS @ 180 C, mg/L 996 672 520 119 308 167 279 274 417
Solids, Total Suspended TSS @ 105 C, mg/L 20 8 24 14 5 8 57 36 22
Sulfate, mg/L 1 <1.0 10 3 1 5 12 5
Turbidity, NTU 10.1 14.3 6.7 5.1 4.9 29.7 43.3 16.3
Gross Alpha, pci/L (dissolved) 3 1.5 1 <2.0 4.4 <2.2 <2.7 2.6
Gross Beta, pci/L (dissolved) 14 9.7 6.6 4.9 6.1 4.5 7.6
Lead 210, pci/L (dissolved) <1.0 <1.0 <1.0 <2.8 <3.1 <2.2 ** <1.9

Polonium 210, pci/L (dissolved) <1.0 <1.0 <1.0 0.8 <0.5 <0.4 <1.3 <1.0
Radium 226, pci/L (dissolved) <0.2 <0.2 <0.2 <0.12 <0.12 0.28 <0.16 <0.2
Radium 228, pci/L (dissolved) <1.0 <1.0 <1.0 <1.7 <1.2 <1.1 <1.4 <1.2
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.2 <0.2 <0.3 <0.3 <0.2 <0.2
Nitrogen, Ammonia as N, mg/L 0.17 <0.05 <0.05 <0.05 <0.05 0.06 <0.05 <0.07
Nitrogen, Nitrate+Nitrite as N, mg/L <0.1 <0.1 <0.1 <0.05 <0.05 0.02 <0.1 <0.07
Aluminum, mg/L (dissolved) <0.1 0.1 <0.1 <0.1 0.4 1.3 0.35
Arsenic, mg/L (dissolved) 0.002 0.002 0.003 0.003 <0.001 0.006 0.008 0.004
Barium, mg/L (dissolved) 0.8 0.5 0.1 0.2 0.2 <0.1 <0.1 0.3
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Calcium, mg/L 18 22 11 15 15 9 8 14
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Copper, mg/L (dissolved) <0.01 0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.02
Iron, mg/L (dissolved) 0.07 0.15 0.11 0.08 0.06 0.29 0.76 0.22
Lead, mg/L (dissolved) <0.05 0.007 <0.01 0.003 <0.001 <0.001 0.001 <0.012
Magnesium, mg/L 43 28 20 10 7 7 6 17

Manganese, mg/L (dissolved) 0.01 0.02 <0.01 <0.01 <0.01 <0.01 0.02 <0.02

** 10-27-09 Lead 210 results not available from lab as of 12-10-09.

3

e • • 
Table 2.7.3-2 Water Quality Data from MRSW-2 

MRSW-2 
Parameters 10/25/2006 312312007 6/15/2007 7/812008 10123/2008 219/2009 3111/2009 4/2212009 7/27/2009 10/27/2009 Average 
Bicarbonate as HC03, mg/L 1010 748 532 283 180 107 78 420 
Carbonate as C03, mg/L 52 22 33 6 6 68 86 39 
Chloride, mg/L 9 3 2 2 <1 1 2 3 
Conductivity, umhos/cm 1520 1120 870 448 274 401 439 725 
Fluoride, mg/L 0.7 0.6 0.4 0.2 0.1 0.2 0.2 0.3 
pH, s.u. 8.96 8.8 9.13 8.61 8.59 10 10.6 9.24 
Solids, Total Dissolved TDS@ 180 C, mg/L 996· 672 520 119 308 167 279 274 417 
Solids, Total Suspended TSS@ 105 C, mg/L 20 8 24 14 5 8 57 36 22 
Sulfate, mg/L 1 <1.0 10 3 1 5 12 5 
Turbidity, NTU 10.1 14.3 6.7 5.1 4.9 29.7 43.3 16.3 
Gross Alpha, pci/L (dissolved) 3 1.5 <2.0 4.4 <2.2 <2.7 2.6 
Gross Beta, pci/L (dissolved) 14 9.7 6.6 4.9 6.1 4.5 7.6 
Lead 210, pci/L (dissolved) <1.0 <1.0 <1.0 <2.8 <3.1 <2.2 ** <1.9 
Polonium 210, pcilL (dissolved) <1.0 <1.0 <1.0 0.8 <0.5 <0.4 <1.3 <1.0 
Radium 226, pci/L (dissolved) <0.2 <0.2 <0.2 <0.12 <0.12 0.28 <0.16 <0.2 
Radium 228, pci/L (dissolved) <1.0 <1.0 <1.0 <1.7 <1.2 <1.1 <1.4 <1.2 
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.2 <0.2 <0.3 <0.3 <0.2 <0.2 
Nitrogen, Ammonia as N, mg/L 0.17 <0.05 <0.05 <0.05 <0.05 0.06 <0.05 <0.07 
Nitrogen, Nitrate+Nitrite as N, mg/L <0.1 <0.1 <0.1 <0.05 <0.05 0.02 <0.1 <0.07 
Aluminum, mg/L (dissolved) <0.1 0.1 <0.1 <0.1 0.4 1.3 0.35 
Arsenic, mg/L (dissolved) 0.002 0.002 0.003 0.003 <0.001 0.006 0.008 0.004 
Barium, mg/L (dissolved) 0.8 0.5 0.1 0.2 0.2 <0.1 <0.1 0.3 
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Calciuni, mg/L 18 22 11 15 15 9 8 14 
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Copper, mg/L (dissolved) <0.01 0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.02 
Iron, mg/L (dissolved) 0.07 0.15 0.11 0.08 0.06 0.29 0.76 0.22 
Lead, mg/L (dissolved) <0.05 0.007 <0.01 0.003 <0.001 <0.001 0.001 <0.012 
Magnesium, mg/L 43 28 20 10 7 7 6 17 
Manganese, mg/L (dissolved) 0.01 0.02 <0.01 <0.01 <0.01 <0.01 0.02 <0.02 
** 10-27-09 Lead 210 results not aVailable from lab as of 12-10-09. 
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Table 2.7.3-2 (cont.) Water Quality Data from MRSW-2
MRSW-2

Parameters 1012512006 312312007 611512007 71812008 1012312008 2/912009 311112009 4122/2009 7(27/2009 10/2712009 Average
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Potassium, mg/L 14 10 7 9 4 7 14 9
Selenium, mg/L (dissolved) <0.001 <0.001 <0.002 <0.001 <0.001 <0.001 <0.001 <0.001
Silica, mg/L 3.8 3 0.9 5.9 5.7 7.5 0.6 3.9
Sodium, mg/L 349 208 157 75 47 67 75 140
Uranium, mg/L (dissolved) 0.0003 0.0005 0.0006 <0.0003 <0.0003 0.0004 0.0005 0.0005
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Zinc, mg/L (dissolved) <0.01 0.02 0.02 <0.01 0.02 <0.01 <0.01 0.02
Iron, TOTAL mg/L 0.07 0.04 0.36 0.2 0.21 2.4 1.63 0.70
Manganese, TOTAL mg/L <0.01 0.02 0.02 0.01 <0.01 0.04 0.03 0.02
Lead 210, suspended pci/L <1.0 <1.0 <1.0 <4.1 5.8 <4.0 - <2.8
Polonium 210 suspended, pci/L <1.0 <1.0 <1.0 <0.5 <0.5 <0.4 1.8 <1.0
Radium 226 suspended, pci/L <0.2 <0.2 <0.2 <0.4 <0.2 <0.1 <0.1 <0.2
Thorium 230 suspended, pci/L <0.2 <0.2 <0.2 1 <0.3 <0.2 <0.05 0.05 <0.2
Uranium suspended, pci/L <0.0003 <0.0003 <0.0003 0.0006 <0.0003 <0.0003 0.0006 <0.0004
** 10-27-09 Lead 210 results not available from lab as of 12-10-09.
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Table 2.7.3-2 (cont.) Water Qnality Data from MRSW-2 

MRSW-2 
Parameters 1012512006 312312007 6/1512007 71812008 1012312008 21912009 311112009 412212009 712712009 1012712009 Average 

Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Potassium, mg/L 14 10 7 9 4 7 14 9 
Selenium, mg/L (dissolved) <0.001 <0.001 <0.002 <0.001 <0.001 <0.001 <0.001 <0.001 
Silica, mg/L 3.8 3 0.9 5.9 5.7 7.5 0.6 3.9 
Sodium, mg/L 349 208 157 75 47 67 75 140 
Uranium, mg/L (dissolved) 0.0003 0.0005 0.0006 <0.0003 <0.0003 0.0004 0.0005 0.0005 
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Zinc, mg/L (dissolved) <0.01 0.02 0.02 <0.01 0.02 <0.01 <0.01 0.02 
Iron, TOTAL mg/L 0.07 0.04 0.36 0.2 0.21 2.4 1.63 0.70 
Manganese, TOTAL mg/L <0.01 0.02 0.02 0.01 <0.01 0.04 0.03 0.02 
Lead 210, suspended pci/L <1.0 <1.0 <1.0 <4.1 5.8 <4.0 ** <2.8 
Polonium 210 suspended, pci/L <1.0 <1.0 . <1.0 <0.5 <0.5 <0.4 1.8 <1.0 
Radium 226 suspended, pci/L <0.2 <0.2 <0.2 <0.4 <0.2 <0.1 <0.1 <0.2 
Thorium 230 suspended, pci/L <0.2 <0.2 <0.2 <0.3 <0.2 <0.05 0.05 <0.2 
Uranium suspended, pci/L <0.0003 <0.0003 <0.0003 0.0006 <0.0003 <0.0003 0.0006 <0.0004 
** 10-27-09 Lead 210 results not avadable from lab as of 12-10-09. 

4 



0

Table 2.7.3-3 Water Quality Data from MRSW-3
MRSW-3

Parameters 10125/2006 3122/2007 6/14/2007 718/2008 10/2312008 2/912009 3111/2009 4/22/2009 7127/2009 10/22/2009 Average
Bicarbonate as HCO3, mg/L 358 92 33 69 71 15 DRY 125

Carbonate as C03, mg/L 8 9 4 <1 <1 11 5

Chloride, mg/L 11 2 <1.0 <1 <1 5 3

Conductivity, umhos/cm 928 544 609 168 125 1260 475

Fluoride, mg/L 0.9 0.2 0.4 <0.1 <0.1 0.2 0.3

pH, s.u. 8.6 9.25 9.45 7.82 7.99 10.5 8.62

Solids, Total Dissolved TDS @ 180 C, mg/L 560 364 414 96 161 95 924 373

Solids, Total Suspended TSS @ 105 C, mg/L 5.5 5 118 10 <1 <4 8 22
Sulfate, mg/L 214 189 254 20 14 562 138
Turbidity, NTU (Deleted) 4.2 16.2 8.2 3 5.6 6.8 7.3
Gross Alpha, pci/L (dissolved) 12.7 7.9 2.1 3.9 4.8 6.3
Gross Beta, pci/L (dissolved) 13.5 9.7 3.6 5.6 7.8 8.1
Lead 210, pci/L (dissolved) <1.0 <1.0 <1.0 <2.8 <3.1 <2.2 <1.9

Polonium 210, pci/L (dissolved) <1.0 <1.0 <1.0 <0.6 <0.5 <0.7 <1.0
Radium 226, pci/L (dissolved) <0.2 <0.2 <0.2 <0.12 <0.11 0.47 <0.2
Radium 228, pci/L (dissolved) <1.0 <1.0 1.9 <1.4 <1.1 <1.3 <1.1

Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.2 <0.3 <0.4 <0.5 <0.3
Nitrogen, Ammonia as N, mg/L 0.09 0.06 0.09 <0.05 <0.05 <0.05 0.07
Nitrogen, Nitrate+Nitrite as N, mg/L <0.1 <0.1 <0.1 <0.05 <0.05 <0.01 <0.1
Aluminum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Arsenic, mg/L (dissolved) 0.002 0.002 0.003 <0.001 <0.001 0.003 0.002
Barium, mg/L (dissolved) 0.1 <0.1 <0.1 1 <0.1 <0.1 0.1 <0.1
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cadmium,.mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Calcium, mg/L 42 60 48 18 124 111 58

Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Copper, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Iron, mg/L (dissolved) 0.16 <0.03 0.05 0.07 0.1 <0.03 0.08

Lead, mg/L (dissolved) <0.05 <0.001 <0.001 I <0.001 <0.001 <0.001 <0.05

Magnesium, mg/L 18 13 18 4 34 20 17
Manganese, mg/L (dissolved) <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01
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Table 2.7.3-3 Water Quality Data from MRSW-3 

MRSW-3 

Parameters 10/25/2006 312212007 6/14/2007 7/812008 10123/2008 219/2009 3111/2009 4/2212009 7/27/2009 10/2212009 Average 
Bicarbonate as HC03, mg/L 358 92 33 69 71 15 DRY 125 
Carbonate as C03, mg/L 8 9 4 <1 <1 11 5 

Chloride, mg/L 11 2 <1.0 <1 <1 5 3 
Conductivity, umhos/cm 928 544 609 168 125 1260 475 

Fluoride, mg/L 0.9 0.2 0.4 <0.1 <0.1 0.2 0.3 

pH, s.u. 8.6 9.25 9.45 7.82 7.99 10.5 8.62 
Solids, Total Dissolved TDS@ 180 C, mg/L 560 364 414 96 161 95 924 373 
Solids, Total Suspended TSS@ 105 C, mg/L 5.5 5 118 10 <1 <4 8 22 
Sulfate, mg/L 214 189 254 20 14 562 138 

Turbidity, NTU (Deleted) 4.2 16.2 8.2 3 5.6 6.8 7.3 

Gross Alpha, pci/L (dissolved) 12.7 7.9 2.1 3.9 4.8 6.3 

Gross Beta, pci/L (dissolved) 13.5 9.7 3.6 5.6 7.8 8.1 

Lead 210, pci/L (dissolved) <1.0 <1.0 <1.0 <2.8 <3.1 <2.2 <1.9 

Polonium 210, pci/L (dissolved) <1.0 <1.0 <1.0 <0.6 <0.5 <0.7 <1.0 

Radium 226, pci/L (dissolved) <0.2 <0.2 <0.2 <0.12 <0.11 0.47 <0.2 

Radium 228, pci/L (dissolved) <1.0 <1.0 1.9 <1.4 <1.1 <1.3 <1.1 

Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.2 <0.3 <0.4 <0.5 <0.3 

Nitrogen, Ammonia as N, mg/L 0.09 0.06 0.09 <0.05 <0.05 <0.05 0.07 
Nitrogen, Nitrate+Nitrite as N, mg/L <0.1 <0.1 <0.1 <0.05 <0.05 <0.01 <0.1 
Aluminum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Arsenic, mg/L (dissolved) 0.002 0.002 0.003 <0.001 <0.001 0.003 0.002 

Barium, mg/L (dissolved) 0.1 <0.1 <0.1 <0.1 <0.1 0.1 . <0.1 

Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Cadmium,mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Calcium, mg/L 42 60 48 18 124 111 58 
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Copper, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Iron, mg/L (dissolved) 0.16 <0.03 0.05 0.07 0.1 <0.03 0.08 
Lead, mg/L (dissolved) <0.05 <0.001 <0.001 <0.001 <0.001 <0.001 <0.05 
Magnesium, mg/L 18 13 18 4 34 20 17 
Manganese, mg/L (dissolved) <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 
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Table 2.7.3-3 (cont.) Water Quality Data from MRSW-3
MRSW-3

Parameters 1012512006 3122/2007 611412007 71812008 1012312008 21912009 311112009 4122/2009 712712009 10122/2009 Average
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 DRY <0.001
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Potassium, mg/L 8 8 4 8 4 10 6
Selenium, mg/L (dissolved) <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Silica, mg/L 2.9 8.3 3.2 3.2 4.2 0.2 4.4
Sodium, mg/L 173 32 46 7 17 113 55
Uranium, mg/L (dissolved) 0.013 0.0119 0.0043 0.0014 0.0013 0.0028 0.0064
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Zinc, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Iron, TOTAL mg/L 0.33 0.1 0.12 0.11 0.3 0.39 0.23
Manganese, TOTAL mg/L 0.01 0.03 0.01 0.03 <0.01 0.04 0.02
Lead 210, suspended pci/L <1.0 <1.0 <1.0 <4.0 6 <3.9 <2.8
Polonium 210 suspended, pcilL <1.0 <1.0 <1.0 <0.4 <0.5 <0.3 <0.7
Radium 226 suspended, pci/L <0.2 <0.2 <0.2 <0.4 0.2 <0.1 <0.2
Thorium 230 suspended, pci/L <0.2 <0.2 <0.2 <0.3 <0.1 <0.04 <0.2
Uranium suspended, pci/L <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 0.0006 <0.0004
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Table 2.7.3-3 (cont.) Water Quality Data from MRSW-3 

MRSW-3 
Parameters 1012512006 312212007 611412007 71812008 1012312008 21912009 311112009 412212009 ·712712009 1012212009 Averaqe 
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 DRY <0.001 

Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Potassium, mg/L 8 8 4 8 4 10 6 
Selenium, mg/L (dissolved) <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Silica, mg/L 2.9 8.3 3.2 3.2 4.2 0.2 4.4 
Sodium, mg/L 173 32 46 7 17 113 55 
Uranium, mg/L (dissolved) 0.013 0.0119 0.0043 0.0014 0.0013 0.0028 0.0064 
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Zinc, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Iron, TOTAL mg/L 0.33 0.1 0.12 0.11 0.3 0.39 0.23 

Manganese, TOTAL mg/L 0.01 0.03 0.01 0.03 <0.01 0.04 0.02 
Lead 210, suspended pci/L <1.0 <1.0 <1.0 <4.0 6 <3.9 <2.8 
Polonium 210 suspended, pci/L <1.0 <1.0 <1.0 <0.4 <0.5 <0.3 <0.7 

Radium 226 suspended, pci/L <0.2 <0.2 <0.2 <0.4 0.2 <0.1 <0.2 
Thorium 230 suspended, pci/L <0.2 <0.2 <0.2 <0.3 <0.1 <0.04 <0.2 

Uranium suspended, pci/L <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 0.0006 <0.0004 
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Table 2.7.3-4 Water Quality Data from MRSW-4
MR5W-I4

Parameters 10/2512006 3122/2007 6113/2007 718/2008 10/2312008 2/912008 3/1112009 4122/2009 7/2712009 1012612009 Average
Bicarbonate as HCO3, mg/L 363 156 77 119 238 124 269 192
Carbonate as C03, mg/L 24 23 15 <1 <1 67 47 25
Chloride, mg/L 23 7 2 2 6 8 13 9
Conductivity, umhos/cm 1500 792 968 324 700 811 1050 878
Fluoride, mg/L 0.6 0.5 0.4 1 0.1 0.1 0.2 0.3 0.3
pH, s.u. 9.06 9.41 9.63 8 8.22 9.82 9.18 9.05
Solids, Total Dissolved TDS @ 180 C, mg/L 984 504 644 170 277 447 840 681 568
Solids, Total Suspended TSS @ 105 C, mg/I 17 6 5 10 2 7 16 <4 8
Sulfate, mg/L 461 .230 360 72 175 175 242 245
Turbidity, NTU 2.5 6.9 9.6 4.5 3.2 3.7 7.3 5.4
Gross Alpha, pci/L (dissolved) 5.6 2.5 1 1.9 7 <3.3 6.1 4.4
Gross Beta, pci/L (dissolved) 11.9 7.6 6.6 7.6 7.6 12.2 8.9
Lead 210, pci/L (dissolved) <1.0 <1.0 <1.0 <2.8 <3.1 <2.2 ** <1.9
Polonium 210, pci/L (dissolved) <1.0 <1.0 <1.0 4.6 <0.7 <0.7 <1.1 <1.5
Radium 226, pci/L (dissolved) <0.2 <0.2 <0.2 <0.13 <0.11 0.22 0.5 <0.3
Radium 228, pci/L (dissolved) <1.0 <1.0 <1.0 <1.6 <1.1 <1.1 <1.4 <1.2
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.2 <0.3 <0.3 <0.3 <0.2 <0.3
Nitrogen, Ammonia as N, mg/L 0.52 0.2 0.09 <0.05 <0.05 <0.05 <0.05 0.14
Nitrogen, Nitrate+Nitrite as N, mg/L <0.1 <0.1 <0.1 <0.05 <0.05 0.02 <0.1 <0.08
Aluminum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Arsenic, mg/L (dissolved) 0.006 0.006 0.005 0.003 0.002 0.007 0.004 0.005
Barium, mg/L (dissolved) 0.2 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Calcium, mg/L 24 26 27 24 56 18 26 29
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05-
Copper, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 0.34 <0.01 <0.01 <0.06
Iron, mg/L (dissolved) 0.32 0.03 <0.03 0.19 0.06 0.04 <0.03 0.10
Lead, mg/L (dissolved) <0.05 <0.001 <0.001 <0.001 0.075 <0.001 <0.001 <0.019
Magnesium, mg/L 25 18 24 9 22 29 37 23
Manganese, mg/L (dissolved) 0.02 0.02 0.02 0.08 <0.01 0.04 <0.01 0.03
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
** 10-27-09 Lead 210 results not available from lab as of 12-10-09.
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Table 2.7.3-4 Water Quality Data from MRSW-4 

MRSW-4 
Parameters 10/25/2006 312212007 6/13/2007 7/812008 10123/2008 219/2008 3111/2009 4/2212009 7/27/2009 10/26/2009 Average 
Bicarbonate as HC03, mg/L 363 156 77 119 238 124 269 192 
Carbonate as C03, mg/L 24 23 15 <1 <1 67 47 25 
Chloride, mg/L 23 7 2 2 6 8 13 9 
Conductivity, umhos/cm 1500 792 968 324 700 811 1050 878 
Fluoride, mg/L 0.6 0.5 0.4 0.1 0.1 0.2 0.3 0.3 
pH, s.u. 9.06 9.41 9.63 8 8.22 9.82 9.18 9.05 
Solids, Total Dissolved TDS@ 180 C, mgtL 984 504 644 170 277 447 _840 681 568 
Solids, Total Suspended TSS @ 105 C, mgt) 17 6 5 10 2 7 16 <4 8 
Sulfate, mg/L 461 230 360 72 175 175 242 245 
Turbidity, NTU 2.5 6.9 9.6 4.5 3.2 3.7 7.3 5.4 
Gross Alpha, pci/L (dissolved) 5.6 2.5 1.9 7 <3.3 6.1 4.4 
Gross Beta, pci/L (dissolved) 11.9 7.6 6.6 7.6 7.6 12.2 8.9 
Lead 210, pci/L (dissolved) <1.0 <1.0 <1.0 <2.8 <3.1 <2.2 ** <1.9 
Polonium 210, pci/L (dissolved) <1.0 <1.0 <1.0 4.6 <0.7 <0.7 <1.1 <1.5 
Radium 226, pci/L (dissolved) <0.2 <0.2 <0.2 <0.13 <0.11 0.22 0.5 <0.3 
Radium 228, pci/L (dissolved) <1.0 <1.0 <1.0 <1.6 <1.1 <1.1 <1.4 <1.2 
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.2 <0.3 <0.3 <0.3 <0.2 <0.3 
Nitrogen, Ammonia as N, mg/L 0.52 0.2 0.09 <0.05 <0.05 <0.05 <0.05 0.14 
Nitrogen, Nitrate+Nitrite as N, mg/L <0.1 <0.1 <0.1 <0.05 <0.05 0.02 <0.1 <0.08 
Aluminum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Arsenic, mg/L (dissolved) 0.006 0.006 0.005 0.003 0.002 0.007 0.004 0.005 
Barium, mg/L (dissolved) 0.2 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Calcium, mg/L 24 26 27 24 56 18 26 29 
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Copper, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 0.34 <0.01 <0.01 <0.06 
Iron, mg/L (dissolved) 0.32 0.03 <0.03 0.19 0.06 0.04 <0.03 0.10 
Lead, mg/L (dissolved) <0.05 <0.001 <0.001 <0.001 0.075 <0.001 <0.001 <0.019 
Magnesium, mg/L 25 18 24 9 22 29 37 23 
Manganese, mg/L (dissolved) 0.02 0.02 0.02 0.08 <0.01 0.04 <0.01 0.03 
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
* * 10-27-09 Lead 210 results not available from lab as of 12-10-09. 
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Table 2.7.3-4 (cont.) Water Quality Data from MRSW-4
MRSW-4

Parameters 10/25/2006 312712007 6/1412007 7/8/2008 10/2312008 2/912008 3/1112009 4122/2009 712712009 10/26/2009 Average
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Potassium, mg/L 10 8 7 10 8 12 14 10
Selenium, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001
Silica, mg/L 3.8 12.8 3.7 7.9 14.4 0.5 -0.6 6.2
Sodium, mg/L 320 114 133 31 62 114 151 132
Uranium, mg/L (dissolved) 0.0069 0.0034 0.0028 0.0016 0.0036 0.0024 0.0041 0.0035
Vanadium, mg/L(dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Zinc, mg/L (dissolved) <0.01 <0.01 <0.01 • 0.02 1.72 <0.01 <0.01 <0.30

Iron, TOTAL mg/L 0.4. 0.07 0.11 0.31 0.28 0.11 0.32 0.26
Manganese, TOTAL mg/L 0.02 0.12 .0.05 0.15 0.07 0.1 0.03 0.08
Lead 210, suspended pci/L <1.0 <1.0 <1.0 <4.2 7.1 <3.8 ** <3.0

Polonium 210 suspended, pci/L <1.0 <1.0 <1.0 <0.5 <0.5 <0.3 <0.3 <0.7
Radium 226 suspended, pci/L <0.2 <0.2 <0.2 <0.3 <0.2 <0.1 <0.1 <0.2

Thorium 230 suspended, pci/L <0.2 <0.2 <0.2 <0.3 <0.2 <0.05 0.1 <0.2

Uranium suspended, pci/L <0.0003 <0.0003 <0.0003 0.0004 <0.0003 <0.0003 0.0038 <0.0008

-- IU-27-U9 Lead 2,10 results not available trom lad as oT 1L-1U-US.
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Table 2.7.3-4 (cont.) Water Quality Data from MRSW-4 

MRSW-4 
Parameters 10/25/2006 312712007 6/14/2007 7/812008 10123/2008 219/2008 3111/2009 4/2212009 7/27/2009 10/26/2009 Average 
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Potassium, mg/L 10 8 7 10 8 12 14 10 
Selenium, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 
Silica, mg/L 3.8 12.8 3.7 7.9 14.4 0.5 ·0.6 6.2 
Sodium, mg/L 320 114 133 31 62 114 151 132 
Uranium, mg/L (dissolved) 0.0069 0.0034 0.0028 0.0016 0.0036 0.0024 0.0041 0.0035 
Vanadium, mg/L(dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Zinc, mg/L (dissolved) <0.01 <0.01 <0.01 ·0.02 1.72 <0.01 <0.01 <0.30 
Iron, TOTAL mg/L 0.4- 0.07 0.11 0.31 0.28 0.11 0.32 0.26 
Manganese, TOTAL mg/L 0.02 0.12 0.05 0.15 0.07 0.1 0.03 0.08 
Lead 210, suspended pci/L <1.0 <1.0 <1.0 <4.2 7.1 <3.8 ** <3.0 
Polonium 210 suspended, pci/L <1.0 <1.0 <1.0 <0.5 <0.5 <0.3 <0.3 <0.7 
Radium 226 suspended, pci/L <0.2 <0.2 <0.2 <0.3 <0.2 <0.1 <0.1 <0.2 
Thorium 230 suspended, pci/L <0.2 <0.2 <0.2 <0.3 <0.2 <0.05 0.1 <0.2 
Uranium suspended, pci/L <0.0003 <0.0003 <0.0003 0.0004 <0.0003 <0.0003 0.0038 <0.0008 

** 10-27-09 Lead 210 results not avallable from lab as of 12-10-09. 
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Table 2.7.3-5 Water Quality Data from MRSW-5
MRSW-5

Parameters 1113/2006 3/2212007 6115/2007 7W8/2008 1012312008 2/9/2009 3/11/2009 4122/2009 7/27/2009 10/27/2009 Average
Bicarbonate as HCO3, mg/L 1410 924 858 DRY DRY 240 233 DRY DRY 733
Carbonate as C03, mg/L 155 24 11 <1 12 41
Chloride, mg/L 6 7 10 <1 4 6
Conductivity, umhos/cm 2560 1450 1520 397 638 1313
Fluoride, mg/L 1.2 0.5 0.4 1 0.2 0.2 0.5
pH, s.u. 9.29 8.66 8.46 8.35 8.51 8.65
Solids, Total Dissolved TDS @ 180 C, mg/L 1590 890 998 172 270 384 717
Solids, Total Suspended TSS @ 105 C, mg/I 9.5 10 88 68 44
Sulfate, mg/L 9 20 157 5 134 65
Turbidity, NTU 7.4 41.4 51.9 34
Gross Alpha, pci/L (dissolved) 11 2.4 <1.8 7.8 5.6
Gross Beta, pci/L (dissolved) 32.7 11 4 4.1 13
Lead 210, pci/L (dissolved) 9.9 <1.0 <1.0 <2.8 <3.1 <3.6
Polonium 210, pci/L (dissolved) <1.0 <1.0 <1.0 <0.4 <0.7 <1.0
Radium 226, pci/L (dissolved) <0.2 1.5 2.3 <0.12 0.15 0.85
Radium 228, pci/L (dissolved) <1.0 <1.0 <1.0 1 <1.9 <1.2 <1.2
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.2 <0.8 <0.2 <0.3
Nitrogen, Ammonia as N, mg/L 0.27 0.15 0.19 <0.05 <0.05 0.14
Nitrogen, Nitrate+Nitrite as N, mg/L 0.9 <0.1 <0.1 <0.05 <0.05 <0.24
Aluminum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1
Arsenic, mg/L (dissolved) 0.008 0.003 0.004 0.004 0.002 0.004
Barium, mg/L (dissolved) 0.5 0.5 0.3 1 0.2 0.4 0.4
Boron, mg/L (dissolved) 0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Calcium, mg/L 9 45 41 26 50 32
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Copper, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 0.05 <0.01
Iron, mg/L (dissolved) 0.92 0.05 0.08 0.06 0.09 0.24
Lead, mg/L (dissolved) <0.05 <0.001 <0.001 <0.001 0.007 <0.05
Magnesium, mg/L 73 39 50 10 26 40
Manganese, mg/L (dissolved) 0.02 <0.01 0.03 0.14 <0.01 0.04
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
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Table 2.7.3-5 Water Quality Data from MRSW-5 

MRSW-5 
Parameters 111312006 312212007 611512007 71812008 1012312008 21912009 311112009 412212009 712712009 1012712009 Average 
Bicarbonate as HC03, mg/L 1410 924 858 DRY DRY 240 233 DRY DRY 733 

Carbonate as C03, mg/L 155 24 11 <1 12 41 

Chloride, mg/L 6 7 10 <1 4 6 

Conductivity, umhos/cm 2560 1450 1520 397 638 1313 

Fluoride, mg/L 1.2 0.5 0.4 0.2 0.2 0.5 

pH, s.u. 9.29 8.66 8.46 8.35 8.51 8.65 
Solids, Total Dissolved TOS@ 180 C, mg/L 1590 890 998 172 270 384 717 
Solids, Total Suspended TSS @ 105 C, mg/l 9.5 10 88 68 44 

Sulfate, mg/L 9 20 157 5 134 65 

Turbidity, NTU 7.4 41.4 51.9 34 

Gross Alpha, pci/L (dissolved) 11 2.4 <1.8 7.8 5.6 

Gross Beta, pci/L (dissolved) 32.7 11 4 4.1 13 

Lead 210, pci/L (dissolved) 9.9 <1.0 <1.0 <2.8 <3.1 <3.6 

Polonium 210, pci/L (dissolved) <1.0 <1.0 <1.0 <0.4 <0.7 <1.0 

Radium 226, pci/L (dissolved) <0.2 1.5 2.3 <0.12 0.15 0.85 
Radium 228, pci/L (dissolved) <1.0 <1.0 <1.0 <1.9 <1.2 <1.2 

Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.2 <0.8 <0.2 <0.3 
Nitrogen, Ammonia as N, mg/L 0.27 0.15 0.19 <0.05 <0.05 0.14 
Nitrogen, Nitrate+Nitrite as N, mg/L 0.9 <0.1 <0.1 <0.05 <0.05 <0.24 
Aluminum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 

Arsenic, mg/L (dissolved) 0.008 0.003 0.004 0.004 0.002 0.004 
Barium, mg/L (dissolved) 0.5 0.5 0.3 0.2 0.4 0.4 
Boron, mg/L (dissolved) 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

Calcium, mg/L 9 45 41 26 50 32 
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Copper, mg/L (dissolved) <0.01 <0.01 <0.01 . <0.01 0.05 <0.01 
Iron, mg/L (dissolved) 0.92 0.05 0.08 0.06 0.09 0.24 
Lead, mg/L (dissolved) <0.05 <0.001 <0.001 <0.001 0.007 <0.05 

Magnesium, mg/L 73 39 50 10 26 40 

Manganese, mg/L (dissolved) 0.02 <0.01 0.03 0.14 <0.01 0.04 
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 . <0.05 <0.05 
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Table 2.7.3-5 (cont.) Water Quality Data from MRS W-5

MRSW-5
Parameters 11/3/2006 3/22/2007 6/15/2007 7/812008 10/23/2008 2/912009 3111/2009 4/2212009 7/27/2009 1012712009 Average
Potassium, mg/L 22 12 13 DRY DRY 7 5 DRY DRY 12
Selenium, mg/L (dissolved) <0.001 <0.001 0.004 <0.001 <0.001 <0.002
.Silica, mg/L 9.3 5.2 8.1 13 7 8.5
Sodium, mg/L 559 255 230 1 41 55 228
Uranium, mg/L (dissolved) 0.001 0.0029 0.0027 0.0031 0.0026 0.0025
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Zinc, mg/L (dissolved) <0.01 <0.01 0.01 0.01 0.12 0.03

Iron, TOTAL mg/L 1.11 0.11 0.12 1.65 2.72 1.14
Manganese, TOTAL mg/L 0.05 0.01 0.06 0.33 0.14 0.12
Lead 210, suspended pci/L <2.0 <1.0 <1.0 1 <4.8 <5.0 <2.6
Polonium 210 suspended, pci/L <2.0 <1.0 <1.0 1.5 0.5 1.2
Radium 226 suspended, pci/L <0.4 <0.2 <0.2 <0.4 0.3 <0.3
Thorium 230 suspended, pci/L <0.4 <0.2 <0.2 <0.3 <0.2 <0.3
Uranium suspended, pci/L <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003
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Table 2.7.3-5 (cont.) Water Quality Data from MRSW-5 

MRSW-5 
Parameters 11/3/2006 312212007 6/15/2007 7/812008 10123/2008 219/2009 3111/2009 4/2212009 7/27/2009 10/27/2009 Average 
Potassium, mg/L 22 12 13 DRY DRY 7 5 DRY DRY 12 
Selenium, mg/L (dissolved) <0.001 <0.001 0.004 <0.001 <0.001 <0.002 
Silica, mg/L 9.3 5.2 8.1 13 7 8.5 
Sodium, mg/L 559 255 230 41 55 228 
Uranium, mg/L (dissolved) 0.001 0.0029 0.0027 0.0031 0.0026 0.0025 
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Zinc, mg/L (dissolved) <0.01 <0.01 0.01 0.01 0.12 0.03 
Iron, TOTAL mg/L 1.11 0.11 0.12 1.65 2.72 1.14 
Manganese, TOTAL mg/L 0.05 0.01 0.06 0.33 0.14 0.12 
Lead 210, suspended pci/L <2.0 <1.0 <1.0 <4.8 <5.0 <2.6 
Polonium 210 suspended, pcilL <2.0 <1.0 <1.0 1.5 0.5 1.2 
Radium 226 suspended, pci/L <0.4 <0.2 <0.2 <0.4 0.3 <0.3 
Thorium 230 suspended, pci/L <0.4 <0.2 <0.2 <0.3 <0.2 <0.3 
Uranium suspended, pci/L <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 
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Table 2.7.3-6 Water Quality Data from MRSW-6
MRSW-6

Parameters 3/22/2007 6/15/2007 7/8/2008 10/23/2008 2/9/2009 3/111/2009 4/22/2009 7/23/2009 1012612009 Average
Bicarbonate as HCO3, mg/L 351 563 DRY 804 635 752 DRY 621
Carbonate as C03, mg/L 7 114 12 35 240 82
Chloride, mg/L 2 3 4 4 8 4
Conductivity, umhos/cm 538 1140 1240 1020 1850 1158
Fluoride, mg/L 0.3 0.7 0.4 0.4 0.6 0.5
pH, s.u. 8.52 9.64 8.57 8.65 9.54 8.98
Solids, Total Dissolved TDS @ 180 C, mg/L 326 754 78 740 591 1250 623
Solids, Total Suspended TSS @ 105 C, mg/L 46 6 10 14 10 128 36
Sulfate, mg/L 10 2 2 1 49 13
Turbidity, NTU 4.2 5.9 6.8 2.4 127 29.3
Gross Alpha, pci/L (dissolved) 1.1 <4.2 9.8 <8.6 5.9
Gross Beta, pci/L (dissolved) 6.9 7.1 5.1 14.3 8.4
Lead 210, pci/L (dissolved) <1.0 <1.0 <5.6 <3.1 <2.3 <2.6
Polonium 210, pci/L (dissolved) <1.0 <1.0 <0.7 <0.7 <0.6 <0.8
Radium 226, pci/L (dissolved) <0.2 1.5 0.14 0.16 <0.18 0.43
Radium 228, pci/L (dissolved) <1.0 <1.0 <2.0 <1.2 <1.1 <1.3
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.8 <0.2 <0.6 <0.4
Nitrogen, Ammonia as N, mg/L 0.13 0.15 <0.05 <0.05 <0.05 0.09
Nitrogen, Nitrate+Nitrite as N, mg/L <0.1 <0.1 <0.05 <0.05 0.02 <0.1
Aluminum, mg/L (dissolved) 0.4 1 <0.1 <0.1 0.3 0.4
Arsenic, mg/L (dissolved) 0.002 0.006 0.002 0.002 0.003 0.003
Barium, mg/L (dissolved) 0.4 0.2 1.2 0.6 0.3 0.54
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Calcium, mg/L 26 9 55 29 15 31
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Copper, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Iron, mg/L (dissolved) 0.21 0.44 <0.03 <0.03 0.14 0.17
Lead, mg/L (dissolved) <0.001 0.001 <0.001 <0.001 <0.001 <0.001
Magnesium, mg/L 10 15 26 22 46 24
Manganese, mg/L (dissolved) <0.01 0.02 <0.01 <0.01 <0.01 <0.02
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
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Table 2.7.3-6 Water Quality Data from MRSW-6 

MRSW-6 
Parameters 3/2212007 6/15/2007 7/812008 10123/2008 219/2009 3111/2009 4/2212009 7/23/2009 10/26/2009 Average 

Bicarbonate as HC03, mg/L 351 563 DRY 804 635 752 DRY 621 
Carbonate as C03, mg/L 7 114 12 35 240 82 
Chloride, mg/L 2 3 4 4 8 4 
Conductivity, umhos/cm 538 1140 1240 1020 1850 1158 
Fluoride, mg/L 0.3 0.7 0.4 0.4 0.6 0.5 
pH, S.u. 8.52 9.64 8.57 8.65 9.54 8.98 
Solids, Total Dissolved TDS @ 180 C, mg/L 326 754 78 740 591 1250 623 
Solids, Total Suspended TSS @ 105 C, mg/L 46 6 10 14 10 128 36 
Sulfate, mg/L 10 2 2 1 49 13 
Turbidity, NTU 4.2 5.9 6.8 2.4 127 29.3 
Gross Alpha, pci/L (dissolved) 1.1 <4.2 9.8 <8.6 5.9 
Gross Beta, pci/L (dissolved) 6.9 7.1 5.1 14.3 8.4 
Lead 210, pcilL (dissolved) <1.0 <1.0 <5.6 <3.1 <2.3 <2.6 
Polonium 210, pci/L (dissolved) <1.0 <1.0 <0.7 <0.7 <0.6 <0.8 
Radium 226, pci/L (dissolved) <0.2 1.5 0.14 0.16 <0.18 0.43 
Radium 228, pci/L (dissolved) <1.0 <1.0 <2.0 <1.2 <1.1 <1.3 
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.8 <0.2 <0.6 <0.4 
Nitrogen, Ammonia as N, mg/L 0.13 0.15 <0.05 <0.05 <0.05 0.09 
Nitrogen, Nitrate+Nitrite as N, mg/L <0.1 <0.1 <0.05 <0.05 0.02 <0.1 
Aluminum, mg/L (dissolved) 0.4 1 <0.1 <0.1 0.3 0.4 
Arsenic, mg/L (dissolved) 0.002 0.006 0.002 0.002 0.003 0.003 
Barium, mg/L (dissolved) 0.4 0.2 1.2 0.6 0.3 0.54 
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Calcium, mg/L 26 9 55 29 15 31 
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Copper, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Iron, mg/L (dissolved) 0.21 0.44 <0.03 <0.03 0.14 0.17 
Lead, mg/L (dissolved) <0.001 0.001 <0.001 <0.001 <0.001 <0.001 
Magnesium, mg/L 10 15 26 22 46 , 24 
Manganese, mg/L (dissolved) <0.01 0.02 <0.01 <0.01 <0.01 <0.02 
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Molybdenum, mg/L (dissolved) <0.1 . <0.1 <0.1 <0.1 <0.1 <0.1 
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
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Table 2.7.3-6 (cont.) Water Quality Data from MRSW-6
MRSW-6

Parameters 3/22/2007 6115/2007 71812008 10/23/2008 2/9/2009 3/1112009 4122/2009 7/2312009 10/2612009 Average
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 DRY <0.1
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Potassium, mg/L 7 6 DRY 11 8 17 10
Selenium, mg/L (dissolved) <0.001 <0.002 <0.001 <0.001 <0.001 <0.002
Silica, mg/L 9.5 5.6 1 17.7 18.4 10.4 12.3
Sodium, mg/L 77 232 198 167 436 222
Uranium, mg/L (dissolved) <0.0003 0.0003 0.0005 <0.0003 <0.0003 0.0003
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Zinc, mg/L (dissolved) <0.01 0.01 <0.01 0.06 <0.01 0.02
Iron, TOTAL mg/L 0.51 0.72 0.19 0.21 3.9 1.11
Manganese, TOTAL mg/L 0.02 0.04 <0.01 0.01 0.05 0.03
Lead 210, suspended pci/L <1.0 <1.0 <4.1 <3.9 <3.6 <2.7
Polonium 210 suspended, pci/L <1.0 <1.0 <0.4 <0.2 0.7 <1.0
Radium 226 suspended, pci/L <0.2 0.4 <0.3 <0.2 0.2 0.3
Thorium 230 suspended, pci/L <0.2 <0.2 <0.3 <0.2 0.08 <0.2
Uranium suspended, pci/L <0.0003 <0.0003 1 0.0005 <0.0003 <0.0003 0.0003

Water present at 10/25/06 sampling event however to muddy to get access to pond to collect sample.
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Table 2.7.3-6 (cont.) Water Quality Data from MRSW-6 

MRSW-6 
Parameters 3/2212007 6/15/2007 7/812008 10123/2008 219/2009 3111/2009 4/22/2009 7/23/2009 10/26/2009 Average 

Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 DRY <0.1 
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Potassium, mg/L 7 6 DRY 11 8 17 10 
Selenium, mg/L (dissolved) <0.001 <0.002 <0.001 <0.001 <0.001 <0.002 
Silica, mg/L 9.5 5.6 17.7 18.4 10.4 12.3 
Sodium, mg/L 77 232 198 167 436 222 
Uranium, mg/L (dissolved) <0.0003 0.0003 0.0005 <0.0003 <0.0003 0.0003 
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0;1 <0.1 <0.1 
Zinc, mg/L (dissolved) <0.01 0.01 <0.01 0.06 <0.01 0.02 
Iron, TOTAL mg/L 0.51 0.72 0.19 0.21 3.9 1.11 
Manganese, TOTAL mg/L 0.02 0.04 <0.01 0.01 0.05 0.03 
Lead 210, suspended pci/L <1.0 <1.0 <4.1 <3.9 <3.6 <2.7 
Polonium 210 suspended, pci/L <1.0 <1.0 <0.4 <0.2 0.7 <1.0 
Radium 226 suspended, pci/L <0.2 0.4 <0.3 <0.2 0.2 0.3 
Thorium 230 suspended, pci/L <0.2 <0.2 <0.3 <0.2 0.08 <0.2 
Uranium suspended, pci/L <0.0003 <0.0003 0.0005 <0.0003 <0.0003 0.0003 

Water present at 10/25/06 sampling event however to muddy to get access to pond to collect sample. 
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Table 2.7.3-7 Water Quality Data from MRSW-7
MRSW-7

Parameters 10/2512006 3/2312007 6113/2007 7/812008 1012312008 2/912009 3/1112009 4/22/2009 7/23/2009 10122/2009 Average
Bicarbonate as HCO3, mg/L 809 DRY 520 DRY DRY DRY DRY 665
Carbonate as C03, mg/L 12 22 17
Chloride, mg/L 9 2 6
Conductivity, umhos/cm 1120 837 1 979
Fluoride, mg/L 0.5 0.5 0.5
pH, s.u. 8.42 8.96 8.69
Solids, Total Dissolved TDS @ 180 C, mg/L 706 586 508 600
Solids, Total Suspended TSS @ 105 C, mg/L 13 7 42 21
Sulfate, mg/L 23 3 13
Turbidity, NTU 2.3 1.6 7.6 3.8
Gross Alpha, pci/L (dissolved) 5.4 5.4
Gross Beta, pci/L (dissolved) 13.1 13.1
Lead 210, pci/L (dissolved) <1.0 <1.0 <1.0
Polonium 210, pci/L (dissolved) <1.0 <1.0 <1.0
Radium 226, pci/L (dissolved) <0.2 <0.2 <0.2
Radium 228, pci/L (dissolved) <1.0 <1.0 <1.0
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.2
Nitrogen, Ammonia as N, mg/L 0.1 0.08 0.09
Nitrogen, Nitrate+Nitrite as N, mg/L <0.1 <0.1 <0.1
Aluminum, mg/L (dissolved) 0.5 0.5
Arsenic, mg/L (dissolved) 0.003 0.004 0.004
Barium, mg/L (dissolved) 0.5 0.3 0.4
Boron, mg/L (dissolved) <0.1 I <0.1 <0.1
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005
Calcium, mg/L 27 15 21 -
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05
Copper, mg/L (dissolved) <0.01 <0.01 _<0:01

Iron, mg/L (dissolved) 0.7 0.59 0.65
Lead, mg/L (dissolved) <0.05 <0.001 <0.001
Magnesium, mg/L 18 10 14
Manganese, mg/L (dissolved) 0.02 0.01 0.02
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05
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Table 2.7.3-7 Water Quality Data from MRSW-7 

MRSW·7 
Parameters 10/25/2006 312312007 6/13/2007 7/812008 10123/2008 219/2009 3111/2009 4/2212009 7/23/2009 10/2212009 Average 
Bicarbonate as HC03, mg/L 809 DRY 520 DRY DRY DRY DRY 665 
Carbonate as C03, mg/L 12 22 17 
Chloride, mg/L 9 2 6 
Conductivity, umhos/cm 1120 837 979 
Fluoride, mg/L 0.5 0.5 0.5 
pH, s.u. 8.42 8.96 8.69 
Solids, Total Dissolved TDS@ 180 C, mg/L 706 586 508 600 
Solids, Total Suspended TSS@ 105 C, mg/L 13 7 42 21 
Sulfate, mg/L 23 3 13 
Turbidity, NTU 2.3 1.6 7.6 3.8 
Gross Alpha, pci/L (dissolved) 5.4 5.4 
Gross Beta, pci/L (dissolved) 13.1 13.1 
Lead 210, pci/L (dissolved) <1.0 <1.0 <1.0 
Polonium 210, pci/L (dissolved) <1.0 <1.0 <1.0 
Radium 226, pci/L (dissolved) <0.2 <0.2 <0.2 
Radium 228, pci/L (dissolved) <1.0 <1.0 <1.0 
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.2 
Nitrogen, Ammonia as N, mg/L 0.1 0.08 0.09 
Nitrogen, Nitrate+Nitrite as N, mg/L <0.1 <0.1 <0.1 
Aluminum, mg/L (dissolved) 0.5 0.5 
Arsenic, mg/L (dissolved) 0.003 0.004 0.004 
Barium, mg/L (dissolved) 0.5 0.3 0.4 
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 
Calcium, mg/L 27 15 21 
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 
Copper, mg/L (dissolved) <0.01 <0.01 <0:01 
Iron, mg/L (dissolved) 0.7 0.59 0.65 
Lead, mg/L (dissolved) <0.05 <0.001 <0.001 
Magnesium, mg/L 18 10 14 
Manganese, mg/L (dissolved) 0.02 0.01 0.02 
Mercury, mg/L (dissolved) <0.001 <0.001 - <0.001 
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 
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Table 2.7.3-7 (cont.) Water Quality Data from MRSW-7
MRSW-7

Parameters 10125/2006 312312007 6/14/2007 71812008 10/23/2008 2/9/2009 3/11/2009 4/2212009 712312009 10122/2009 Average
Selenium, mg/L (dissolved) <0.001 DRY <0.001 DRY DRY DRY DRY <0.001
Potassium, mg/L 10 7 9
Silica, mg/L 8.4 7.5 8
Sodium, mg/L 263 173 218
Uranium, mg/L (dissolved) 0.0006 0.0004 0.0005
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1
Zinc, mg/L (dissolved) <0.01 <0.01 -<0.01
Iron, TOTAL mg/L 0.64 0.73 0.69
Manganese, TOTAL mg/L <0.01 0.04 0.03
Lead 210, suspended pci/L <1.0 <1.0 <1.0
Polonium 210 suspended, pci/L <1.0 <1.0 <1.0
Radium 226 suspended, pci/L <0.2 <0.2 <0.2
Thorium 230 suspended, pci/L <0.2 <0.2 <0.2
Uranium suspended, pci/L 0.0007 <0.0003 <0.0003
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Table 2.7.3-7 (cont.) Water Quality Data from MRSW-7 

MRSW-7 
Parameters 10/25/2006 312312007 6/14/2007 7/812008 10123/2008 219/2009 3111/2009 4/2212009 7/23/2009 10/2212009 Average 
Selenium, mg/L (dissolved) <0.001 DRY <0.001 DRY DRY DRY DRY <0.001 

Potassium, mg/L 10 7 9 
Silica, mg/L 8.4 7.5 8 
Sodium, mg/L 263 173 218 
Uranium, mg/L (dissolved) 0.0006 0.0004 0.0005 

Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 
Zinc, mg/L (dissolved) <0.01 <0.01 <0.01 
Iron, TOTAL mg/L 0.64 0.73 0.69 
Manganese, TOTAL mg/L <0.01 0.04 0.03 
Lead 210, suspended pci/L <1.0 <1.0 <1.0 

Polonium 210 suspended, pci/L <1.0 <1.0 <1.0 

Radium 226 suspended, pci/L <0.2 <0.2 <0.2 
Thorium 230 suspended, pci/L <0.2 <0.2 <0.2 
Uranium suspended, pci/L 0.0007 <0.0003 <0.0003 
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Table 2.7.3-8 Water Quality Data from MRSW-8
MRSW-8

Parameters 1012512006 312312007 611312007 71812008 1012312008 21912009 3/912009 4122/2009 7127/2009 1012712009 Average
Bicarbonate as HCO3, mg/L 420 458 327 DRY 458 327 225 DRY 369
Carbonate as C03, mg/L 1670 44 26 7 21 170 323
Chloride, mg/L 21 2 <1.0 <1 <1 2 5
Conductivity, umhos/cm 3220 796 569 710 611 918 1137
Fluoride, mg/L 2.2 0.6 0.4 0.4 0.3 0.6 0.8
pH, s.u. 9.65 9.32 9.23 8.59 8.68 10.1 9.26
Solids, Total Dissolved TDS @ 180 C, mg/L 2190 508 354 266 493 345 1040 853
Solids, Total Suspended TSS @ 105 C, mg/L 24 84 34 12 53 259 78
Sulfate, mg/L 10 <1.0 14 4 16 18 11
Turbidity, NTU 155 13.7 12.6 35.9 540 151.4
Gross Alpha, pci/L (dissolved) 4.3 2.4 <3.0 5.1 21.7 7.3
Gross Beta, pci/L (dissolved) 20.9 10.1 7.2 5.1 21.5 13
Lead 210, pci/L (dissolved) <1.0 <1.0 <1.0 <2.8 <4.1 <2.2 <2.1
Polonium 210, pci/L (dissolved) <1.0 <1.0 <1.0 <0.6 <0.7 <1.1 <1.0
Radium 226, pci/L (dissolved) <0.2 <0.2 <0.2 0.12 0.11 1.4 0.36
Radium 228, pci/L (dissolved) <1.0 <1.0 <1.0 <1.5 <1 <1.2 <1.0
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.2 <0.2 <0.2 0.7 <0.3
Nitrogen, Ammonia as N, mg/L 0.86 0.09 <0.05 0.13 <0.05 <0.05 0.21
Nitrogen, Nitrate+Nitrite as N, mg/L <0.1 <0.1 <0.1 0.08 <0.05 0.03 <0.08
Aluminum, mg/L (dissolved) 0.1 0.2 <0.1 <0.1 0.6 0.2
Arsenic, mg/L (dissolved) 0.025 0.005 0.004 0.003 0.002 0.019 0.01
Barium, mg/L (dissolved) 0.6 0.1 0.1 0.2 0.1 <0.1 0.2
Boron, mg/L (dissolved) 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Calcium, mg/L 6 13 11 20 17 9 13
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Copper, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01
Iron, mg/L (dissolved) 0.48 0.09 0.39 0.08 0.09 0.78 0.32
Lead, mg/L (dissolved) <0.05 <0.001 <0.001 <0.001 0.001 0.002 <0.009
Magnesium, mg/L 53 15 11 12 9 9 18
Manganese, mg/L (dissolved) 0.02 <0.01 <0.01 <0.01 <0.01 0.02 <0.02
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
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Table 2.7.3-8 Water Quality Data from MRSW-8 

MRSW-8 
Parameters 10/25/2006 312312007 6/13/2007 7/812008 10123/2008 219/2009 3/9/2009 4/2212009 7/27/2009 10/27/2009 Average 
Bicarbonate as HC03, mg/L 420 458 327 DRY 458 327 225 DRY 369 

Carbonate as C03, mg/L 1670 44 26 7 21 170 323 
Chloride, mg/L 21 2 <1.0 <1 <1 2 5 
Conductivity, umhos/cm 3220 796 569 710 611 918 1137 

Fluoride, mg/L 2.2 0.6 0.4 0.4 0.3 0.6 0.8 

pH, s.u. 9.65 9.32 9.23 8.59 8.68 10.1 9.26 
Solids, Total Dissolved TDS @ 180 C, mg/L 2190 508 354 266 493 345 1040 853 
Solids, Total Suspended TSS@ 105 C, mg/L 24 84 34 12 53 259 78 

Sulfate, mg/L 10 <1.0 14 4 16 18 11 

Turbidity, NTU 155 13.7 12.6 35.9 540 151.4 
Gross Alpha, pci/L (dissolved) 4.3 2.4 <3.0 5.1 21.7 7.3 

Gross Beta, pci/L (dissolved) 20.9 10.1 7.2 5.1 21.5 13 

Lead 210, pci/L (dissolved) <1.0 <1.0 <1.0 <2.8 <4.1 <2.2 <2.1 

Polonium 210, pcilL (dissolved) <1.0 <1.0 <1.0 <0.6 <0.7 <1.1 <1.0 

Radium 226, pcilL (dissolved) <0.2 <0.2 <0.2 0.12 0.11 1.4 0.36 

Radium 228, pci/L (dissolved) <1.0 <1.0 <1.0 <1.5 <1 <1.2 <1.0 

Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.2 <0.2 <0.2 0.7 <0.3 

Nitrogen, Ammonia as N, mg/L 0.86 0.09 <0.05 0.13 <0.05 <0.05 0.21 

Nitrogen, Nitrate+Nitrite as N, mg/L <0.1 <0.1 <0.1 0.08 <0.05 0.03 <0.08 

Aluminum, mg/L (dissolved) 0.1 0.2 <0.1 <0.1 0.6 0.2 
Arsenic, mg/L (dissolved) 0.025 0.005 0.004 0.003 0.002 0.019 0.01 
Barium, mg/L (dissolved) 0.6 0.1 0.1 0.2 0.1 <0.1 0.2 
Boron, mg/L (dissolved) 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

Calcium, mg/L 6 13 11 20 17 9 13 
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Copper, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 

Iron, mg/L (dissolved) 0.48 0.09 0.39 0.08 0.09 0.78 0.32 
Lead, mg/L (dissolved) <0.05 <0.001 <0.001 <0.001 0.001 0.002 <0.009 
Magnesium, mg/L 53 15 11 12 9 9 18 
Manganese, mg/L (dissolved) 0.02 <0.01 <0.01 <0.01 <0.01 0.02 <0.02 
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
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Table 2.7.3-8 (cont.) Water Quality Data from MRSW-8
MRSW-8

Parameters 10/2512006 3/23/2007 6/1412007 71812008 10123/2008 2/9/2009 3111/2009 4122/2009 7127/2009 10/27/2009 Average
Potassium, mg/L 19 10 7 9 7 9 DRY 10
Selenium, mg/L (dissolved) 0.002 0.001 0.001 DRY <0.001 <0.001 <0.001 0.001
Silica, mg/L 6.1 7.1 3.7 7.8 5.5 7.5 6.3
Sodium, mg/L 842 158 106 121 97 198 254
Uranium, mg/L (dissolved) 0.004 0.0009 0.001 0.0006 <0.0003 0.0014 0.0014
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Zinc, mg/L (dissolved) <0.01 <0.01 <0.01 0.11 0.05 0.01 0.03
Iron, TOTAL mg/L 0.2 0.86 0.63 0.58 1.69 24.1 4.68
Manganese, TOTAL mg/L <0.01 0.01 0.02 0.02 0.02 0.27 0.09
Lead 210, suspended pci/L 6.3 <1.0 <1.0 <6.1 <3.9 <4.3 <3.8
Polonium 210 suspended, pci/L <1.0 <1.0 <1.0 <0.9 <0.3 0.8 <1.0
Radium 226 suspended, pci/L <0.2 <0.2 <0.2 <0.5 <0.1 0.5 <0.3
Thorium 230 suspended, pci/L <0.2 <0.2 <0.2 <0.4 <0.2 0.3 <0.3
Uranium suspended, pcilL 0.0004 <0.0003 <0.0003 1 1 0.0004 0.0003 0.0004 1 0.0004
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Table 2.7.3-8 (cont.) Water Quality Data from MRSW-8 

MRSW-8 
Parameters 10/25/2006 312312007 6/14/2007 7/812008 10123/2008 219/2009 3111/2009 4/22/2009 7/27/2009 10/27/2009 Average 
Potassium, mg/L 19 10 7 9 7 9 DRY 10 
Selenium, mg/L (dissolved) 0.002 0.001 0.001 DRY <0.001 <0.001 <0.001 0.001 
Silica, mg/L 6.1 7.1 3.7 7.8 5.5 7.5 6.3 
Sodium, mg/L 842 158 106 121 97 198 254 
Uranium, mg/L (dissolved) 0.004 0.0009 0.001 0.0006 <0.0003 0.0014 0.0014 
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Zinc, mg/L (dissolved) <0.01 <0.01 <0.01 0.11 0.05 0.01 0.03 
Iron, TOTAL mg/L 0.2 0.86 0.63 0.58 1.69 24.1 4.68 
Manganese, TOTAL mg/L <0.01 0.01 . 0.02 0.02 0.02 0.27 0.09 
Lead 210, suspended pci/L 6.3 <1.0 <1.0 <6.1 <3.9 <4.3 <3.8 
Polonium 210 suspended, pci/L <1.0 <1.0 <1.0 <0.9 <0.3 0.8 <1.0 
Radium 226 suspended, pci/L <0.2 <0.2 <0.2 <0.5 <0.1 0.5 <0.3 
Thorium 230 suspended, pci/L <0.2 <0.2 <0.2 <0.4 <0.2 0.3 <0.3 
Uranium suspended, pci/L 0.0004 <0.0003 <0.0003 0.0004 0.0003 0.0004 0.0004 
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Table 2.7.3-9 Water Quality Data from MRSW-9
MRSW-9

Parameters 3122/2007 611312007 718/2008 10/23/2008 219/2009 3/11/2009 4/2212009 7/27/2009 10122/2009 Average
Bicarbonate as HCO3, mg/L 131 67 DRY 45 71 DRY DRY 79,
Carbonate as C03, mg/L 15 12 <1 <1 7
Chloride, mg/L <1.0 <1.0 <1 <1 <1
Conductivity, umhos/cm 259 148 75 96 145
Fluoride, mg/L 0.2 0.2 <0.1 <0.1 0.2
pH, s.u. 9.32 9.16 7.39 8.94 9
Solids, Total Dissolved TDS @ 180 C, mg/L 148 96 88 74 64 94
Solids, Total Suspended TSS @ 105 C, mg/L 8 67 12 2 <4 19
Sulfate, mg/L 2 5 3 5 4
Turbidity, NTU 99.4 7.5 4.6 6 29.4
Gross Alpha, pci/L (dissolved) 1.7 <1.2 3.7 2.2
Gross Beta, pci/L (dissolved) 3.9 <2.7 2.8 3.1
Lead 210, pci/L (dissolved) 8.6 <1.0 <2.8 <3.1 3.9
Polonium 210, pci/L (dissolved) <1.0 <1.0 <0.7 <0.6 <1.0
Radium 226, pci/L (dissolved) <0.2 <0.2 <0.13 <0.17 <0.2
Radium 228, pci/L (dissolved) <1.0 <1.0 <1.7 <1.3 <1.3
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.4 <0.3 <0.3
Nitrogen, Ammonia as N, mg/L 0.05 <0.05 <0.05 <0.05 <0.05
Nitrogen, Nitrate+Nitrite as N, mg/L <0.1 <0.1 <0.05 <0.05 <0.1
Aluminum, mg/L (dissolved) <0.1 0.3 <0.1 <0.1 <0.2
Arsenic, mg/L (dissolved) 0.002 0.002 0.001 0.001 0.002
Barium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005
Calcium, mg/L 13 15 6 12 12
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05
Copper, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01
Iron, mg/L (dissolved) 0.03 0.19 <0.03 0.03 0.07
Lead, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001
Magnesium, mg/L 5 4 2 3 4
Manganese, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05
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Table 2.7.3-9 Water Quality Data from MRSW-9 

MRSW-9 
Parameters 3/2212007 

. 
6/13/2007 7/812008 10123/2008 219/2009 3111/2009 4/2212009 7/27/2009 10/2212009 Average 

Bicarbonate as HC03, mg/L 131 67 DRY 45 71 DRY DRY 79' 
Carbonate as C03, mglL 15 12 <1 <1 7 
Chloride, mg/L <1.0 <1.0 <1 <1 <1 
Conductivity, umhos/cm 259 148 75 96 145 
Fluoride, mg/L 0.2 0.2 <0.1 <0.1 0.2 
pH, S.u. 9.32 9.16 7.39 8.94 9 
Solids, Total Dissolved TDS @ 180 C, mg/L 148 96 88 74 64 94 
Solids, Total Suspended TSS @ 105 C, mg/L 8 67 12 2 <4 19 
Sulfate, mg/L 2 5 3 5 4 
Turbidity, NTU 99.4 7.5 4.6 6 29.4 
Gross Alpha, pci/L (dissolved) 1.7 <1.2 3.7 2.2 
Gross Beta, pci/L (dissolved) 3.9 <2.7 2.8 3.1 
Lead 210, pci/L (dissolved) 8.6 <1.0 <2.8 <3.1 3.9 
Polonium 210, pci/L (dissolved) <1.0 <1.0 <0.7 <0.6 <1.0 
Radium 226, pci/L (dissolved) <0.2 <0.2 <0.13 <0.17 <0.2 
Radium 228, pci/L (dissolved) <1.0 <1.0 <1.7 <1.3 <1.3 
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.4 <0.3 <0.3 
Nitrogen, Ammonia as N, mg/L 0.05 <0.05 <0.05 <0.05 <0.05 
Nitrogen, Nitrate+Nitrite as N, mg/L <0.1 <0.1 <0.05 <0.05 <0.1 
Aluminum, mg/L (dissolved) <0.1 0.3 <0.1 <0.1 <0.2 
Arsenic, mg/L (dissolved) 0.002 0.002 0.001 0.001 0.002 
Barium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 
Calcium, mg/L 13 15 6 12 12 
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 
Copper, mg/L (dissolved) ·<0.01 <0.01 <0.01 <0.01 <0.01 
Iron, mg/L (dissolved) 0.03 0.19 <0.03 0.03 0.07 
Lead, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 
Magnesium, mg/L 5 4 2 3 4 
Manganese, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01 
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 
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Table 2.7.3-9 (cont.) Water Quality Data from MRSW-9
MRSW-9

Parameters 3121/2007 6/13/2007 7/8/2008 10/23/2008 21912009 3/11/2009 4122/2009 7/27/2009 10122/2009 Average
Potassium, mg/L 6 3 DRY 5 3 DRY DRY 4
Selenium, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001
Silica, mg/L 6.9 3.4 3.3 4.4 4.5

Sodium, mg/L 36 8 4 8 14

Uranium, mg/L (dissolved) 0.0016 0.0018 <0.0003 0.0006 0.0011

Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1
Zinc, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01

Iron, TOTAL mg/L 0.08 0.89 0.26 0.28 0.38

Manganese, TOTAL mg/L <0.01 0.08 0.01 <0.01 0.03

Lead 210, suspended pci/L <1.0 <1.0 <4.1 <3.8 <2.5
Polonium 210 suspended, pci/L <1.0 <1.0 <0.3 <0.4 <1.0

Radium 226 suspended, pci/L <0.2 <0.2 <0.4 <0.1 <0.2

Thorium 230 suspended, pci/L <0.2 <0.2 <0.2 <0.2 <0.2

Uranium suspended, pci/L <0.0003 <0.0003 <0.0003 0.0005 <0.0004
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Table 2.7.3-9 (cont.) Water Quality Data from MRSW-9 

MRSW-9 
Parameters 3/21/2007 6/13/2007 7/812008 10123/2008 219/2009 3111/2009 4/2212009 7/27/2009 10/2212009 Average 
Potassium, mg/L 6 3 DRY 5 3 DRY DRY 4 

Selenium, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 

Silica, mg/L 6.9 3.4 3.3 4.4 4.5 

Sodium, mg/L 36 8 4 8 14 

Uranium, mg/L (dissolved) 0.0016 0.0018 <0.0003 0.0006 0.0011 

Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 

Zinc, mg/L (dissolved) <0.01 <0.01 <0.01 <0.01 <0.01 

Iron, TOTAL mg/L 0.08 0.89 0.26 0.28 0.38 

Manganese, TOTAL mg/L <0.01 0.08 0.01 <0.01 0.03 

Lead 210, suspended pci/L <1.0 <1.0 <4.1 <3.8 <2.5 

Polonium 210 suspended, pci/L <1.0 <1.0 <0.3 <0.4 <'1.0 

Radium 226 suspended, pci/L <0.2 <0.2 <0.4 <0.1 <0.2 

Thorium 230 suspended, pci/L <0.2 <0.2 <0.2 <0.2 <0.2 

Uranium suspended, pci/L <0.0003 <0.0003 <0.0003 0.0005 <0.0004 
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Table 2.7.3-10 Water Quality Data from MRSW-10
MRSW-10

Parameters 1012512006 312312007 6114126071 71812008 101231200B 21912009 311112009 412212009 712712009 1012212009 Average
Bicarbonate as HCO3, mg/L DRY DRY DRY DRY DRY DRY DRY DRY
Carbonate as C03, mg/L
Chloride, mg/L
Conductivity, umhos/cm
Fluoride, mg/L
pH, s.u.
Solids, Total Dissolved TDS @ 180 C, mg/L 85 85
Solids, Total Suspended TSS @ 105 C, mg/L 160 14 87
Sulfate, mg/L
Turbidity, NTU 130 7.8 68.9
Gross Alpha, pci/L (dissolved)
Gross Beta, pci/L (dissolved)
Lead 210, pci/L (dissolved)
Polonium 210, pci/L (dissolved)
Radium 226, pci/L (dissolved)
Radium 228, pci/L (dissolved)
Thorium 230, pci/L (dissolved)
Nitrogen, Ammonia as N, mg/L
Nitrogen, Nitrate+Nitrite as N, mg/L
Aluminum, mg/L (dissolved)
Arsenic, mg/L (dissolved)
Barium, mg/L (dissolved)
Boron, mg/L (dissolved)
Cadmium, mg/L (dissolved)
Calcium, mg/L
Chromium, mg/L (dissolved) _

Copper, mg/L (dissolved)
Iron, mg/L (dissolved)
Lead, mg/L (dissolved)
Magnesium, mg/L
Manganese, mg/L (dissolved)
Mercury, mg/L (dissolved)
Molybdenum, mg/L (dissolved)
Nickel, mg/L (dissolved)
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Table 2.7.3-10 Water Quality Data from MRSW-IO 

MRSW-10 
Parameters 1 ()12512006 312312()()7 611412()()7 71812008 1 ()12312008 2J912009 311112()()9 4/22/2009 7/27/2(){}9 1 ()/22/2009 Average 
Bicarbonate as HC03, mg/L DRY DRY DRY DRY DRY DRY DRY DRY 
Carbonate as C03, mg/L 
Chloride, mg/L 
Conductivity, umhos/cm 
Fluoride, mg/L 
pH, S.u. 
Solids, Total Dissolved TDS@ 180 C, mg/L 85 85 
Solids, Total Suspended TSS @ 105 C, mg/L 160 14 87 
Sulfate, mg/L 
Turbidity, NTU 130 7.8 68.9 
Gross Alpha, pci/L (dissolved) 
Gross Beta, pci/L (dissolved) 
Lead 210, pci/L (dissolved) 
Polonium 210, pci/L (dissolved) 
Radium 226, pci/L (dissolved) 
Radium 228, pci/L (dissolved) 
Thorium 230, pci/L (dissolved) 
Nitrogen, Ammonia as N, mg/L 
Nitrogen, Nitrate+Nitrite as N, mg/L 
Aluminum, mg/L (dissolved) 
Arsenic, mg/L (dissolved) 
Barium, mg/L (dissolved) 
Boron, mg/L (dissolved) 
Cadmium, mg/L (dissolved) 
Calcium, mg/L 
Chromium, mg/L (dissolved) . 
Copper, mg/L (dissolved) 
Iron, mg/L (dissolved) 
Lead, mg/L (dissolved) 
Magnesium, mg/L 
Manganese, mg/L (dissolved) 
Mercury, mg/L (dissolved) 
Molybdenum, mg/L (dissolved) 
Nickel, mg/L (dissolved) 
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Table 2.7.3-10 (cont.) Water Quality Data from MRSW-10
MRSW-10

Parameters 10/2512006 312312007 6114/2007 71812008 1012312008 219/2009 3/11/2009 412212009 4/2712009 10/22/2009 Average
Potassium, mg/L DRY DRY DRY DRY DRY DRY DRY DRY
Selenium, mg/L (dissolved)
Silica, mg/L (dissolved)

Sodium, mg/L
Uranium, mg/L (dissolved)
Vanadium, mg/L (dissolved)
Zinc, mg/L (dissolved)
Iron, TOTAL mg/L
Manganese, TOTAL mg/L
Lead 210, suspended pci/L
Polonium 210 suspended, pci/L
Radium 226 suspended, pci/L
Thorium 230 suspended, pci/L
Uranium suspended, pci/L
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Table 2.7.3-10 (cont.) Water Quality Data from MRSW-IO 

MRSW-10 
Parameters 10/25/2006 312312007 6/14/2007 7/812008 10123/2008 219/2009 3111/2009 4/2212009 4/27/2009 10/2212009 Average 
Potassium, mg/L DRY DRY DRY DRY DRY DRY DRY DRY 
Selenium, mg/L (dissolved) 
Silica, mg/L (dissolved) 
Sodium, mg/L 
Uranium, mg/L (dissolved) 
Vanadium, mg/L (dissolved) 
Zinc, mg/L (dissolved) 
Iron, TOTAL mg/L 
Manganese, TOTAL mg/L 
Lead 210, suspended pcilL 
Polonium 210 suspended, pci/L 
Radium 226 suspended, pci/L 
Thorium 230 suspended, pci/L 
Uranium suspended, pci/L 
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Table 2.7.3-11 Water Quality Data from MRSW-I 1
MRSW-11

Parameters 10/25/2006 3/23/2007 6114/2007 718/2008 10/23/2008 21912009 3/11/2009 4122/2009 712312009 10126/2009 Average
Bicarbonate as HCO3, mg/L DRY DRY DRY DRY DRY 67 147 492 451 289
Carbonate as C03, mg/L <1 <1 <5 <5 <3
Chloride, mg/L <1 <1 3 4 <3
Conductivity, umhos/cm 131 211 742 683 442
Fluoride, mg/L I <0.1 <0.1 0.1 0.2 <0.2
pH, s.u. 7.77 7.9 7.99 8.09 7.94
Solids, Total Dissolved TDS @ 180 C, mg/L 134 136 159 532 390 270
Solids, Total Suspended TSS @ 105 C, mg/L 28 8 6 6 30 16
Sulfate, mg/L 3 2 1 15 5
Turbidity, NTU 13.6 2.9 1.6 12.3 17 9.5
Gross Alpha, pci/L (dissolved) <1.3 5.7 <4.5 <4.8 <4.1
Gross Beta, pci/L (dissolved) 7.6 9.3 20.5 17.4 13.7
Lead 210, pci/L (dissolved) <2.8 <5.6 <2.3 * <3.6
Polonium 210, pci/L (dissolved) <0.9 <0.6 <0.6 <0.7 <0.7
Radium 226, pci/L (dissolved) <0.12 <0.17 0.2 <0.18 <0.2
Radium 228, pci/L (dissolved) <1.5 <1.3 <1.2 <1.5 <1.4
Thorium 230, pci/L (dissolved) <0.4 <0.2 <0.4 <0.2 <0.3
Nitrogen, Ammonia as N, mg/L <0.05 <0.05 0.05 <0.05 <0.05
Nitrogen, Nitrate+Nitrite as N, mg/L <0.05 <0.05 0.02 <0.1 <0.04
Aluminum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1
Arsenic, mg/L (dissolved) <0.001 0.001 0.007 0.003 0.003
Barium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005
Calcium, mg/L 13 35 110 79 59
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05
Copper, mg/L (dissolved) <0.01 0.01 <0.01 <0.01 <0.01
Iron, mg/L (dissolved) 0.04 <0.03 0.11 0.05 0.06
Lead, mg/L (dissolved) <0.001 0.004 <0.001 <0.001 <0.002
Magnesium, mg/L 3 5 29 31 17
Manganese, mg/L (dissolved) <0.01 <0.01 0.75 0.06 <0.21
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1

1-2 I-0- Lead zi1 results not availaole trom lao as ot 1z-IU-U09.
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Table 2.7.3-11 Water Quality Data from MRSW-11 

MRSW-11 
Parameters 10/25/2006 312312007 6/14/2007 7/812008 10123/2008 219/2009 3111/2009 4/2212009 7/23/2009 10/26/2009 Average 
Bicarbonate as HC03, mg/L DRY DRY DRY DRY DRY 67 147 492 451 289 

Carbonate as C03, mg/L <1 <1 <5 <5 <3 

Chloride, mg/L <1 <1 3 4 <3 

Conductivity, umhos/cm 131 211 742 683 442 

Fluoride, mg/L <0.1 <0.1 0.1 0.2 <0.2 

pH, s.u. 7.77 7.9 7.99 8.09 7.94 

Solids, Total Dissolved TDS@ 180 C, mg/L 134 136 159 532 390 270 
Solids, Total Suspended TSS @ 105 C, mg/L 28 8 6 6 30 16 

Sulfate, mg/L 3 2 1 15 5 

Turbidity, NTU 13.6 2.9 1.6 12.3 17 9.5 

Gross Alpha, pci/L (dissolved) <1.3 5.7 <4.5 <4.8 <4.1 

Gross Beta, pci/L (dissolved) 7.6 9.3 20.5 17.4 13.7 

Lead 210, pci/L (dissolved) <2.8 <5.6 <2.3 - <3.6 

Polonium 210, pci/L (dissolved) <0.9 <0.6 <0.6 <0.7 <0.7 

Radium 226, pci/L (dissolved) <0.12 <0.17 0.2 <0.18 <0.2 

Radium 228, pci/L (dissolved) <1.5 . <1.3 <1.2 <1.5 <1.4 

Thorium 230, pci/L (dissolved) <0.4 <0.2 <0.4 <0.2 <0.3 

Nitrogen, Ammonia as N, mg/L <0.05 <0.05 0.05 <0.05 <0.05 

Nitrogen, Nitrate+Nitrite as N, mg/L <0.05 <0.05 0.02 <0.1 <0.04 

Aluminum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 

Arsenic, mg/L (dissolved) <0.001 0.001 0.007 0.003 0.003 

Barium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 

Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 

Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 

Calcium, mg/L 13 35 110 79 59 

Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 

Copper, mg/L (dissolved) <0.01 0.01 <0.01 . <0.01 <0.01 

Iron, mg/L (dissolved) 0.04 <0.03 0.11 0.05 0.06 

Lead, mg/L (dissolved) <0.001 0.004 <0.001 <0.001 <0.002 

Magnesium, mg/L 3 5 29 31 17 

Manganese, mg/L (dissolved) <0.01 <0.01 0.75 0.06 <0.21 

Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 

Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 

** 10-27-09 Lead 210 results not avaIlable from lab as of 12-10-09. 
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Table 2.7.3-11(cont.) Water Quality Data from MRS W-1 1

MRW-0

MRS W-11I
Parameters 1012512006 312312007 611412007 7/812008 10/23/2008 2/912009 3/1112009 4/22/2009 7/23/2009 10126/2009 Average
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05
Potassium, mg/L 9 9 25 22 16
Selenium, mg/L (dissolved) DRY DRY DRY DRY DRY <0.001 <0.001 <0.001 <0.001 <0.001
Silica, mg/L 6.6 15.4 28.8 9.4 15.1
Sodium, mg/L 2 4 6 7 5
Uranium, mg/L (dissolved) <0.0003 <0.0003 0.0005 0.0023 <0.0009
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1
Zinc, mg/L (dissolved) <0.01 0.22 <0.01 <0.01 <0.07
Iron, TOTAL mg/L 0.11 0.06 1.62 0.51 0.58
Manganese, TOTAL mg/L 0.02 0.05 0.93 0.08 0.27
Lead 210, suspended pci/L <4.2 <3.8 <3.6 ** <3.8
Polonium 210 suspended, pci/L <0.4 <0.4 <0.4 <0.3 <0.4
Radium 226 suspended, pci/L <0.4 <0.1 <0.07 0.2 <0.2

Thorium 230 suspended, pci/L 1 <0.2 <0.1 <0.07 1 <0.06 <0.2
Uranium suspended, pci/L 1 <0.0003 <0.0003 <0.0003 1 <0.0003 <0.0003

** 10-27-09 Lead 210 results not available from lab as of 12-10-09.
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Table 2.7.3-11(cont.) Water Quality Data from MRSW-11 

MRSW-11 
Parameters 10/25/2006 312312007 6/14/2007 7/812008 10123/2008 219/2009 3111/2009 4/2212009 7/23/2009 10/26/2009 Average 
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 
Potassium, mg/L 9 9 25 22 16 
Selenium, mg/L (dissolved) DRY DRY DRY DRY DRY <0.001 <0.001 <0.001 <0.001 <0.001 
Silica, mg/L 6.6 15.4 28.8 9.4 15.1 
Sodium, mg/L 2 4 6 7 5 
Uranium, mg/L (dissolved) <0.0003 <0.0003 0.0005 0.0023 <0.0009 
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 
Zinc, mg/L (dissolved) <0.01 0.22 <0.01 <0.01 <0.07 
Iron, TOTAL mg/L 0.11 0.06 1.62 0.51 0.58 
Manganese, TOTAL mg/L 0.02 0.05 0.93 0.08 0.27 
Lead 210, suspended pci/L <4.2 <3.8 <3.6 ** <3.8 
Polonium 210 suspended, pci/L <0.4 <0.4 <0.4 <0.3 <0.4 
Radium 226 suspended, pcilL <0.4 <0.1 <0.07 0.2 <0.2 
Thorium 230 suspended, pci/L <0.2 <0.1 <0.07 <0.06 <0.2 
Uranium suspended, pci/L <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 

** 10-27-09 Lead 210 results not available from lab as of 12-10-09. 
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Table 2.7.3-11a Water Quality Data from MRSW-12
MRSW-12

Parameters 71812008 10/23/2008 2/9/2009 4/22/2009 7/23/2009 10/22/2009 Average
Bicarbonate as HCO3, mg/L 101 524 43 61 561 DRY 258
Carbonate as C03, mg/L <1 41 <1 <1 70 23
Chloride, mg/L <1 9 <1 1 15 5
Conductivity, umhos/cm 182 935 38 318 1090 513
Fluoride, mg/L <0.1 0.7 <0.1 <0.1 0.9 0.4
pH, s.u. 6.49 8.85 7.07 7.51 8.93 7.77
Solids, Total Dissolved TDS @ 180 C, mg/L 170 542 70 199 697 336
Solids, Total Suspended TSS @ 105 C, mg/L 242 17 12 <4 46 64
Sulfate, mg/L 1 3 7 111 8 26
Turbidity, NTU 64.1 7 5.8 1.8 29.8 22
Gross Alpha, pci/L (dissolved) <1.1 4 <1.1 5.1 <5.0 <3.3
Gross Beta, pci/L (dissolved) 12.6 3.9 5.1 3.6 13.4 7.7
Lead 210, pci/L (dissolved) <9.2 <4.8 <3.6 <3.1 <2.3 <4.6
Polonium 210, pci/L (dissolved) <1.0 <1.0 <0.7 <0.6 <0.6 <0.8
Radium 226, pci/L (dissolved) <0.1 1.3 <0.3 <0.16 <0.23 <0.4
Radium 228, pci/L (dissolved) <1.1 <1.3 <1.5 <1.2 <1.5 <1.3
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.5 <0.3 <0.8 <0.4
Nitrogen, Ammonia as N, mg/L <0.05 0.06 <0.05 <0.05 <0.05 <0.05
Nitrogen, Nitrate+Nitrite as N, mg/L <0.05 0.7 0.12 <0.05 0.01 0.19
Aluminum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Arsenic, mg/L (dissolved) 0.002 <0.001 0.002 <0.001 0.004 0.002
Barium, mg/L (dissolved) <0.1 0.5 <0.1 <0.1 0.4 0.2
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Calcium, mg/L 18 26 9 30 19 20
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Copper, mg/L (dissolved) <0.01 <0.01 <0.01 0.12 <0.01 <0.03
Iron, mg/L (dissolved) 0.9 <0.03 0.06 0.07 0.18 0.25
Lead, mg/L (dissolved) <0.001 <0.001 <0.001 0.026 <0.001 <0.006
Magnesium, mg/L 5 17 2 14 19 11
Manganese, mg/L (dissolved) 0.35 <0.01 <0.01 0.03 0.02 0.08
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
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Table 2.7.3-11a Water Quality Data from MRSW-12 

MRSW-12 
Parameters 71812008 10/23/2008 21912009 412212009 712312009 10/22/2009 Average 

Bicarbonate as HC03, mg/L 101 524 43 61 561 DRY 258 
Carbonate as C03, mg/L <1 41 <1 <1 70 23 
Chloride, mg/L <1 9 <1 1 15 5 
Conductivity, umhos/cm 182 935 38 318 1090 513 
Fluoride, mglL <0.1 0.7 <0.1 <0.1 0.9 0.4 
pH, s.u. 6.49 8.85 7.07 7.51 8.93 7.77 
Solids, Total Dissolved TDS@ 180 C, mg/L 170 542 70 199 697 336 
Solids, Total Suspended TSS@ 105 C, mg/L 242 17 12 <4 46 64 
Sulfate, mg/L 1 3 7 111 8 26 
Turbidity, NTU 64.1 7 5.8 1.8 29.8 22 
Gross Alpha, pci/L (dissolved) <1.1 4 <1.1 5.1 <5.0 <3.3 
Gross Beta, pci/L (dissolved) 12.6 3.9 5.1 3.6 13.4 7.7 
Lead 210, pci/L (dissolved) <9.2 <4.8 <3.6 <3.1 <2.3 <4.6 
Polonium 210, pci/L (dissolved) <1.0 <1.0 <0.7 <0.6 <0.6 <0.8 
Radium 226, pcilL (dissolved) <0.1 1.3 <0.3 <0.16 <0.23 <0.4 
Radium 228, pci/L (dissolved) <1.1 <1.3 <1.5 <1.2 <1.5 <1.3 
Thorium 230, pci/L (dissolved) <0.2 <0.2 <0.5 <0.3 <0.8 <0.4 
Nitrogen, Ammonia as N, mg/L <0.05 0.06 <0.05 <0.05 <0.05 <0.05 
Nitrogen, Nitrate+Nitrite as N, mg/L <0.05 0.7 0.12 <0.05 0.01 0.19 
Aluminum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Arsenic, mg/L (dissolved) 0.002 <0.001 0.002 <0.001 0.004 0.002 
Barium, mg/L (dissolved) <0.1 0.5 <0.1 <0.1 0.4 0.2 
Boron, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Cadmium, mg/L (dissolved) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Calcium, mg/L 18 26 9 30 19 20 
Chromium, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Copper, mg/L (dissolved) <0.01 <0.01 <0.01 0.12 <0.01 <0.03 
Iron, mg/L (dissolved) 0.9 <0.03 0.06 0.07 0.18 0.25 
Lead, mg/L (dissolved) <0.001 <0.001 <0.001 0.026 <0.001 <0.006 
Magnesium, mg/L 5 17 2 14 19 11 
Manganese, mg/L (dissolved) 0.35 <0.01 <0.01 0.03 0.02 0.08 
Mercury, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Molybdenum, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Nickel, mg/L (dissolved) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
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Table 2.7.3-11a (cont.) Water Quality Data from MRSW-12
MRRW-19

Parameters 7/8/2008 10/23/2008 2/9/2009 4/22/2009 7/23/2009 10/2212009 Average
Potassium, mg/L 18 8 5 4 15 DRY 10
Selenium, mg/L (dissolved) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Silica, mg/L 22.5 7.1 6.5 5.4 1.3 8.6
Sodium, mg/L 2 172 1 13 237 85
Uranium, mg/L (dissolved) <0.0003 <0.0003 0.0004 0.0019 0.0024 0.0011
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Zinc, mg/L (dissolved) <0.01 0.01 0.06 0.76 <0.01 0.17
Iron, TOTAL mg/L 4.16 0.44 0.29 0.34 0.87 1.22
Manganese, TOTAL mg/L 0.4 <0.01 <0.02 0.04 0.03 0.1
Lead 210, suspended pci/L <11.2 <7.3 <5.8 <3.9 <3.7 <6.4
Polonium 210 suspended, pci/L 1.7 <0.2 1.1 <0.3 <0.3 <0.8
Radium 226 suspended, pci/L 0.7 <0.5 0.8 <0.1 0.07 0.4
Thorium 230 suspended, pci/L 0.6 <0.2 0.2 0.2 <0.07 <0.3
Uranium suspended, pci/L <0.0003 <0.0003 0.0005 <0.0003 <0.0003 <0.0003
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Table 2.7.3-11a (cont.) Water Quality Data from MRSW-12 

MRSW-12 
Parameters 7/8/2008 10123/2008 219/2009 412212009 7/23/2009 10/22/2009 Average 

Potassium, mg/L 18 8 5 4 15 DRY 10 
Selenium, mg/L (dissolved) <0.001 <0.001' <0.001 <0.001 <0.001 <0.001 
Silica, mg/L 22.5 7.1 6.5 5.4 1.3 8.6 
Sodium, mg/L 2 172 1 13 237 85 
Uranium, mg/L (dissolved) <0.0003 <0.0003 0.0004 0.0019 0.0024 0.0011 
Vanadium, mg/L (dissolved) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Zinc, mg/L (dissolved) <0.01 0.01 0.06 0.76 <0.01 0.17 
Iron, TOTAL mg/L 4.16 0.44 0.29 0.34 0.87 1.22 
Manganese, TOTAL mg/L 0.4 <0.01 <0.02 0.04 0.03 0.1 
Lead 210, suspended pci/L <11.2 <7.3 <5.8 <3.9 <3.7 <6.4 
Polonium 210 suspended, pcilL 1.7 <0.2 1.1 <0.3 <0.3 <0.8 
Radium 226 suspended, pci/L 0.7 <0.5 0.8 <0.1 0.07 0.4 
Thorium 230 suspended, pci/L 0.6 <0.2 0.2 0.2 <0.07 <0.3 
Uranium suspended, pci/L <0.0003 <0.0003 0.0005 <0.0003 <0.0003 <0.0003 
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Table 2.7.3-11b Water Quality Data - Surface Water - Seasonal Averages
2nd Qtr

Parameter Ist Qtr 3rd Qtr 4 th Qtr

Bicarbonate as HC03, mg/L 333 295 296 612
Carbonate as C03, mg/L 13 20 89 194
Chlorde, mg/L 2 2 5 10
Conductivity, umhos/cm 589 621 908 1431
Fluoride, mg/L 0.3 0.3 0.4 0.7
pH, s.u. 8.51 8.78 9.25 9.08
Solids, Total Dissolved TDS @ 180 C, mg/L 301 398 702 904
Solids, Total Suspended TSS @105 C, mg/L 18 18 63 26
Sulfate, mg/L 32 67 91 86
Turbidity, NTU 9.8 14 70 14
Gross Alpha, pci/L (dissolved) 2.3 5.7 6.2 6.2
Gross Beta, pci/L (dissolved) 6.9 5.3 12.5 14.8
Lead 210, pci/L (dissolved) 2.6 2.3 3.0 2.8
Polonium 210, pci/L (dissolved) 1.0 0.8 0.7 1.0
Radium 226, pci/L (dissolved) 0.2 0.3 0.4 0.3
Radium 228, pci/L (dissolved) 1.4 1.1 1.2 1.2
Thorium 230, pci/L (dissolved) 0.3 0.3 0.5 0.2
Nitrogen, Ammonia as N, mg/L 0.08 0.07 0.05 0.20
Nitrogen, Nitrate+Nitrite as N, mg/L 0.08 0.07 0.03 0.28
Aluminum, mg/L (dissolved) 0.1 0.3 0.2 0.3
Arsenic, mg/L (dissolved) 0.003 0.003 0.007 0.006
Barium, mg/L (dissolved) 0.3 0.2 0.2 0.4
Boron, mg/L (dissolved) 0.1 0.1 0.1 0.1
Cadmium, mg/L (dissolved) 0.005 0.005 0.005 0.005
Calcium, mg/L 23 33 35 27
Chromium, mg/L (dissolved) 0.05 0.05 0.05 0.05
Copper, mg/L (dissolved) 0.01 0.04 0.01 0.01
Iron, mg/L (dissolved) 0.08 0.15 0.21 0.25
Lead, mg/L (dissolved) 0.001 0.007 0.001 0.030
Magnesium, mg/L 14 17 21 34
Manganese, mg/L (dissolved) 0.02 0.01 0.14 0.02
Mercury, mg/L (dissolved) 0.001 0.001 0.001 0.001
Molybdenum, mg/L (dissolved) 0.1 0.1 0.1 0.1
Nickel, mg/L (dissolved) 0.05 0.05 0.05 0.05
Potassium, mg/L 9 6 14 14
Selenium, mg/L (dissolved) 0.001 0.001 0.001 0.001
Silica, mg/L 7.3 6.8 9.5 4.8
Sodium, mg/L 91 92 151 295
Uranium, mg/L (dissolved) 0.0017 0.0014 0.0012 0.0033
Vanadium, mg/L (dissolved) 0.1 0.1 0.1 0.1
Zinc, mg/L (dissolved) 0.02 0.16 0.01 0.01
Iron, TOTAL mg/L 0.35 0.67 4.3 0.54
Manganese, TOTAL mg/L 0.05 0.04 0.21 0.02
Lead 210, suspended pci/L 3.0 3.0 3.8 2.7'
Polonium 210 suspended, pci/L 0.8 0.7 0.6 1.0
Radium 226 suspended, pci/L 0.3 0.2 0.3 0.2
Thorium 230 suspended, pci/L -0.2 0.2 0.1 0.2
Uranium suspended, pci/L 0.0004 0.0003 0.0003 0.0009
* 10-27-09 Lead 210 results not available from lab as of 12-10-09.
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Table 2.7.3-11b Water Quality Data - Surface Water - Seasonal Averages 

2nd atr 
Parameter 1st atr 3'd atr 4th atr 
Bicarbonate as HC03, mg/l 333 295 296 612 
Carbonate as C03, mg/l 13 20 89 194 
Chloride, mq/l 2 2 5 10 
Conductivity, umhos/cm 589 621 908 1431 
Fluoride, mq/l 0.3 0.3 0.4 0.7 
!pH, s.u. 8.51 8.78 9.25 9.08 
Solids, Total Dissolved TDS @ 180 C, mglL 301 398 702 904 
Solids, Total Suspended TSS @10SC, mglL 18 18 63 26 
Sulfate, mg/l 32 67 91 86 
Turbidity, NTU 9.8 14 70 14 
Gross Alpha, pci/l (dissolved) 2.3 5.7 6.2 6.2 
Gross Beta, pci/l (dissolved) 6.9 5.3 12.5 14.8 
lead 210, pci/l (dissolved) 2.6 2.3 3.0 2.8 • 
Polonium 210, pci/l (dissolved) 1.0 0.8 0.7 1.0 
Radium 226, pci/l (dissolved) 0.2 0.3 0.4 0.3 
Radium 228, pci/l (dissolved) 1.4 1.1 1.2 1.2 
Thorium 230, pci/l (dissolved) 0.3 0.3 0.5 0.2 
Nitrogen, Ammonia as N, mg/l 0.08 0.07 0.05 0.20 
Nitrogen, Nitrate+Nitrite as N, mq/l 0.08 0.07 0.03 0.28 
Aluminum, mg/l (dissolved) 0.1 0.3 0.2 0.3 
Arsenic, mg/l (dissolved) 0.003 0.003 0.007 0.006 
Barium, mg/l (dissolved) 0.3 0.2 0.2 0.4 
Boron, mg/l (dissolved) 0.1 0.1 0.1 0.1 
Cadmium, mg/l (dissolved) 0.005 0.005 0.005 0.005 
Calcium, mg/l 23 33 35 27 
Chromium, mg/l (dissolved) 0.05 0.05 0.05 0.05 
Copper, mall (dissolved) 0.01 0.04 0.01 0.01 
Iron, mq/l (dissolved) 0.08 0.15 0.21 0.25 
lead, mg/l (dissolved) 0.001 0.007 0.001 0.030 
Magnesium, mg/l 14 17 21 34 
Manganese, mg/l (dissolved) 0.02 0.01 0.14 0.02 
Mercury, mall (dissolved) 0.001 0.001 0.001 0.001 
Molybdenum, mg/l (dissolved) 0.1 0.1 0.1 0.1 
Nickel, mq/l (dissolved) 0.05 0.05 0.05 0.05 
Potassium, mg/l 9 6 14 14 
Selenium, mall (dissolved) 0.001 0.001 0.001 0.001 
Silica, mq/l 7.3 6.8 9.5 4.8 
Sodium, mg/l 91 92 151 295 
Uranium, mg/l (dissolved) 0.0017 0.0014 0.0012 0.0033 
Vanadium, mg/l (dissolved) 0.1 0.1 0.1 0.1 
Zinc, mg/l (dissolved) 0.02 0.16 0.01 0.01 
Iron, TOTAL mg/l 0.35 0.67 4.3 0.54 
Manganese, TOTAL mall 0.05 0.04 0.21 0.02 
lead 210, suspended pci/l 3.0 3.0 3.8 2.7 • 

. Polonium 210 suspended, pci/l 0.8 0.7 0.6 1.0 
Radium 226 suspended, pci/l 0.3 0.2 0.3 0.2 
Thorium 230 suspended, pci/l ,0.2 0.2 0.1 0.2 
Uranium suspended, pci/l 0.0004 0.0003 0.0003 0.0009 

* 10-27-09 Lead 210 results not available from lab as of 12-10-09. 

25 



Table 2.7.3-11c Water Quality Data - Surface Water - Average Concentrations

Parameter Overall Average
Bicarbonate as HCO3, mg/L 384
Carbonate as C03, mg/L 79
Chloride, mg/L , 5
Conductivity, umhos/cm 887
Fluoride, mg/L 0.4
pH, s.u. 8.91
Solids, Total Dissolved TDS @ 180 C, mgIL 576
Solids, Total Suspended TSS @ 105 C, mg/L 31
Sulfate, mg/L 69
Turbidity, NTU 27
Gross Alpha, pci/L (dissolved) 5.1
Gross Beta, pci/L (dissolved) 9.9
Lead 210, pci/L (dissolved) 2.6
Polonium 210, pci/L (dissolved) 0.9
Radium 226, pci/L (dissolved) 0.3
Radium 228, pci/L (dissolved) 1.2
Thodum 230, pci/L (dissolved) 0.3
Nitrogen, Ammonia as N, mg/L 0.10
Nitrogen, Nitrate+Nitrite as N, mg/L 0.12
Aluminum, mg/L (dissolved) 0.2
Arsenic, mg/L (dissolved) 0.005
Barium, mg/L (dissolved) 0.3
Boron, mg/L (dissolved) 0.1
Cadmium, mg/L (dissolved) 0.005
Calcium, mg/L 30
Chromium, mg/L (dissolved) 0.05
Copper, mg/L (dissolved) 0.02
Iron, mg/L (dissolved) 0.17
Lead, mg/L (dissolved) 0.010
Magnesium, mg/L 22
Manganese, mg/L (dissolved) 0.05
Mercury, mg/L (dissolved) 0.001
Molybdenum, mg/L (dissolved) 0.1
Nickel, mg/L (dissolved) 0.05
Potassium, mg/L 10.8
Selenium, mg/L (dissolved) 0.001
Silica, mg/L 7.1
Sodium, mg/L 157
Uranium, mg/L (dissolved) 0.0019
Vanadium, mg/L (dissolved) 0.1
Zinc, mg/L (dissolved) 0.05
Iron, TOTAL mg/L 1.47
Manganese, TOTAL mg/L 0.08
Lead 210, suspended pci/L 3.3
Polonium 210 suspended, pci/L 0.8
Radium 226 suspended, pci/L 0.3
Thorium 230 suspended, pci/L 0.2
Uranium suspended, pci/L 0.0005
* 10-27-09 Lead 210 results not available from lab as of 12-10-09.
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Table 2.7.3-Uc Water Quality Data - Surface Water - Average Concentrations 

Parameter Overall Average 
Bicarbonate as HC03, mg/L 384 
Carbonate as C03, mg/L 79 
Chloride, mg/L 5 
Conductivity, umhos/cm 887 
Fluoride, mg/L 0.4 
pH, s.u. 8.91 
Solids, T olal Dissolved TOS @ 180 C, mg/L 576 
Solids, T olal Suspended TSS @ 105 C, mglL 31 
Sulfate, mg/L 69 
Turbidity, NTU 27 
Gross Alpha, pci/L (dissolved) 5.1 
Gross Beta, pci/L (dissolved) 9.9 
Lead 210, pci/L (dissolved) 2.6 • 
Polonium 210, pci/L (dissolved) 0.9 
Radium 226, pci/L (dissolved) 0.3 
Radium 228, pci/L (dissolved) 1.2 
Thorium 230, pcilL (dissolved) 0.3 
Nitrogen, Ammonia as N, mg/L 0.10 
Nitrogen, Nitrate+Nitrite as N, mg/L 0.12 
Aluminum, mg/L (dissolved) 0.2 
Arsenic, mg/L (dissolved) 0.005 
Barium, mg/L (dissolved) 0.3 
Boron, mg/L (dissolved) 0.1 
Cadmium, mg/L (dissolved) 0.005 
Calcium, mg/L 30 
Chromium, mg/L (dissolved) 0.05 
Copper, mg/L (dissolved) 0.02 
Iron, mg/L (dissolved) 0.17 
Lead, mg/L (dissolved) 0.010 
MaQnesium, mQ/L 22 
Manganese, mg/L (dissolved) 0.05 
Mercury, mg/L (dissolved) 0.001 
Molybdenum, mg/L (dissolved) 0.1 
Nickel, mg/L (dissolved) 0.05 
Potassium, mg/L 10.8 
Selenium, mg/L (dissolved) 0.001 
Silica, mg/L 7.1 
Sodium, mg/L 157 
Uranium, mg/L (dissolved) 0.0019 
Vanadium, mg/L (dissolved) 0.1 
Zinc, mg/L (dissolved) 0.05 
Iron, TOTAL mg/L 1.47 
Manganese, TOTAL mg/L 0.08 
Lead 210, suspended pci/L 3.3 • 
Polonium 210 suspended, pci/L 0.8 
Radium 226 suspended, pcilL 0.3 
Thorium 230 suspended, pci/L 0.2 
Uranium suspended, pci/L 0.0005 
* 10-27-09 Lead 210 results not available from lab as of 12-10-09. 
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Radiological Open Issue No. 6
Surface water sampling results not identified as suspended or dissolved

July 27 2009 Teleconference

Open Issue discussion:

The staff notes that the applicant did not delineate between suspended and dissolved
water sample results as recommended by Regulatory Guide 4.14. EMC stated that all
surface water samples are dissolved, with the exception of a few parameters that meet
guideline 8 as required by WDEQ.

Answer:

Surface water quality results are reported in revised Tables 2.7.3-1 through 2.7.3-11c
(presented in the July Radiological Open Item # 4 response). Radiological parameters are
identified and reported in these tables as dissolved and suspended as recommended by
Regulatory Guide 4.14.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this SER
Open Issue. Table's 2.7.3-1 through 2.7.3-1 lc have been revised to distinguish between
suspended and dissolved results. The revised tables are presented in SER Open Item # 4
response, and will be inserted in the revised Technical Report.

Radiological Open Issue No. 6 
Surface water sampling results not identified as suspended or dissolved 
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Open Issue discussion: 

The staff notes that the applicant did not delineate between suspended and dissolved 
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Answer: 

Surface water quality results are reported in revised Tables 2.7.3-1 through 2.7.3-11c 
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Regulatory Guide 4.14. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this SER 
Open Issue. Table's 2.7.3-1 through 2.7.3-11c have been revised to distinguish between 
suspended and dissolved results. The revised tables are presented in SER Open Item # 4 
response, and will be inserted in the revised Technical Report. 



Radiological Open Issue No. 6a
Quantity of radioactive material released to unrestricted areas

July 27 2009 Teleconference

Open Issue discussion:

Regulatory Guide 3.59 addresses methods, models, data, and assumptions acceptable to
the NRC staff for estimating airborne emissions of radioactive and toxic materials from
uranium milling. The applicant did not provide sufficient information regarding the
manner in which it will calculate or measure effluent releases from monitored release
points. Additionally, the applicant has not provided sufficient information regarding how
it plans to meet the requirement in 10 CFR 40.65 for reporting the quantity of each of the
principal radionuclides released to unrestricted areas.

Answer:

Run MILDOS with more receptor points including public access areas within the
permitted area (unrestricted areas) - monitor these locations during operations with radon
Trac Etch cups., TLD!OSDs and collect soil samples (U, Ra)

Proposed Revisions to License Application

Add these locations to Figure 5.7 -2. Add sentence or two in each media paragraph of
section 5.7.7 that explains what we will do during operations to monitor radioactive
material releases to unrestricted areas.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

• Radiological Open Issue No. 6a 
Quantity of radioactive material released to unrestricted areas 

July 27 2009 Teleconference· 

Open Issue discussion: 

Regulatory Guide 3.59 addresses methods, models, data, and assumptions acceptable to 
the NRC staff for estimating airborne emissions of radioactive and toxic materials from 
uranium milling. The applicant did not provide sufficient information regarding the 
manner in which it will calculate or measure effluent releases from monitored release 
points. Additionally, the applicant has not provided sufficient information regarding how 
it plans to meet the requirement in 10 CFR 40.65 for reporting the quantity of each of the 
principal radionuclides released to unrestricted areas. 

Answer: 

Run MILDOS with more receptor points including public access areas within the 
permitted area (unrestricted areas) - monitor these locations during operations with radon 
Trac Etch cups, TLD/OSDs and collect soil smnples (U, Ra) 

Proposed Revisions 10 License Application 

Add these locations to Figure 5.7 -2. Add sentence or two in each media paragraph of 
section 5.7.7 that explains what we will do during operations to monitor radioactive 
material releases to unrestricted areas. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this RAI 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 



Radiological Open Issue No. 6b
Gaseous effluent controls

July 27 2009 Teleconference

Open Issue discussion:

The applicant also did not address how the requirements of 10 CFR 40, Appendix A,
Criterion 8, and 10 CFR 20.1101(d) regarding ALARA effluent levels for radon and
uranium particulates.

Answer to Open Item 6b addressed in Open Issue 6e answer.

Radiological Open Issue No. 6c
Dryer effluent controls

July 27 2009 Teleconference

Open Issue discussion:

According to the applicant, the bag house is an air and vapor filtration unit mounted
directly above the drying chamber so that dry solids collected on the bag filter surfaces
can be batch discharged back to the drying chamber. The bag house will be heated to
prevent condensation and will be kept under negative pressure. The condenser will be
located downstream of the bag house and will be water cooled. Uranium particulates that
pass through the bag filters will be wetted and entrained in the condensing moisture
within this unit. The applicant did not demonstrate the efficiency of this process or
identify the point of discharge. EMC stated that the point of discharge is in the central
processing plant. EMC indicated that section 3 of the application has a good description
of the vacuum dryer.

Answer to Open Item 6c addressed in Open Issue 6e answer.

Radiological Open Issue No. 6d
Dryer effluent controls

July 27 2009 Teleconference

Open Issue discussion:

The applicant stated that during routine operations, the air pressure differential gauges for
other emission control equipment will be observed and documented at least once per shift
during dryer operations. 10 CFR 40, Appendix A, Criterion 8, states that checks must be
made and logged hourly of all parameters (e.g., differential pressures and scrubber water
flow rates) that determine the efficiency of yellowcake stack emission control equipment
operations.

Answer to Open Item 6d addressed in Open Issue 6e answer.
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According to the applicant, the bag house is an air and vapor filtration unit mounted 
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prevent condensation and will be kept under negative pressure. The condenser will be 
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within this unit. The applicant did not demonstrate the efficiency of this process or 
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processing plant. EMC indicated that section 3 of the application has a good description 
of the vacuum dryer. 

Answer to Open Item 6c addressed in Open Issue 6e answer. 

Open Issue discussion: 

Radiological Open Issue No. 6d 
Dryer effluent controls 

July 27 2009 Teleconference 

The applicant stated that during routine operations, the air pressure differential gauges for 
other emission control equipment will be observed and documented at least once per shift 
during dryer operations. 10 CFR 40, Appendix A, Criterion 8, states that checks must be 
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Radiological Open Issue No. 6e
Dryer effluent controls

July 27 2009 Teleconference

Open Issue discussion:

10 CFR 40 Appendix A, Criterion 8, requires milling operations to be conducted so that
all airborne effluent releases are reduced to levels ALARA. The primary means of
accomplishing this must be by means of emission controls. The applicant plans to
discharge gaseous effluents outside the plant building through the plant stack, but has not
demonstrated how the gaseous effluents will be monitored and reduced to levels
ALARA.

Answer:

Open issues 6b, 6c, 6d, and 6e have been combined into a single discussion on airborne
effluent releases from the Moore Ranch project and why the design meets the ALARA
requirements of 10 CFR Part 40, Appendix A, Criterion 8 and 10 CFR 20.1101(d).

Air Particulate Effluents:

NUREG-6733, "A Baseline Risk-Informed, Performance-Based Approach for In Situ
Leach Uranium Extraction Licensees" (NRC, 2001) discusses the available technologies
for drying and packaging yellowcake:

"Two kinds ofyellowcake dryer are used. multihearth dryers and vacuum dryers.
Older plants use gas-fired multihearth dryers. These dryers typically dry the
yellowcake at about 400 to 620 degrees C (750 to 1,150 degrees F)... The offgas
discharge from the dryer is scrubbed with a high intensity venturi scrubber that
has a 95 to 99 percent efficiency for removal of uranium particulates prior to
release to the atmosphere. Solutions from the scrubber are normally returned to
the precipitation circuit and are processed to recover any uranium particulates.
As a result, the stack discharge normally contains only water vapor and
quantities of uranium fines that are well below regulatory limits".

NUREG-6733 then describes the offgas emission control systems for vacuum dryers:

"First, vapor passes through a bag filter to remove yellowcake particulates with
an efficiency exceeding 99 percent. Any captured particulates are returned to the
drying chamber. Then, any water vapor exiting the drying chamber is cooled and
condensed. This process is designed to capture virtually all escaping particles.

The impact analysis contained in NUREG-1910, "Generic Environmental Impact
Statement for In-Situ Leach Uranium Milling Facilities" (NRC, 2009) as it relates to
impacts from airborne radioactive effluents was based on the analysis in NUREG-6733.
NUREG-1910 determined that air quality impacts due to the release of radiological

• 

• 

Open Issue discussion: 

Radiological Open Issue No. 6e 
Dryer effluent controls 

July 27 2009 Teleconference 

10 CFR 40 Appendix A, Criterion 8, requires milling operations to be conducted so that 
all airborne effluent releases are reduced to levels ALARA. The primary means of 
accomplishing this must be by means of emission controls. The applicant plans to 
discharge gaseous effluents outside the plant building through the plant stack, but has not 
demonstrated how the gaseous effluents will be monitored and reduced to levels 
ALARA. 

Answer: 

Open issues 6b, 6c, 6d, and 6e have been combined into a single discussion on airborne 
effluent releases from the Moore Ranch project and why the design meets the ALARA 
requirements of 10 CFR Part 40, Appendix A, Criterion 8 and 10 CFR 20.1101(d). 

Air Particulate Effluents: 

NUREG-6733, "A Baseline Risk-Informed, Performance-Based Approach for In Situ 
Leach Uranium Extraction Licensees" (NRC, 2001) discusses the available technologies 
for drying and packaging yellowcake: 

"Two kinds of yellowcake dryer are used: multihearth dryers and vacuum dryers. 
Older plants use gas-jired multihearth dryers. These dryers typically dry the 
yellowcake at about 400 to 620 degrees C (750 to 1,150 degrees F) ... The offgas 
discharge from the dryer is scrubbed with a high intensity venturi scrubber that 
has a 95 to 99 percent efficiency for removal of uranium particulates prior to 
release to the atmosphere. Solutions from the scrubber are normally returned to 
the precipitation circuit and are processed to recover any uranium particulates. 
As a result, the stack discharge normally contains only water vapor and 
quantities of uranium fines that are well below regulatory limits ". 

NUREG-6733 then describes the offgas emission control systems for vacuum dryers: 

"First, vapor passes through a bag filter to remove yellowcake particulates with 
an efficiency exceeding 99 percent. Any captured particulates are returned to the 
drying chamber. Then, any water vapor exiting the drying chamber is cooled and 
condensed. This process is designed to capture virtually all escaping particles. 

The impact analysis contained in NUREG-1910, "Generic Environmental Impact 
Statement for In-Situ Leach Uranium Milling Facilities" (NRC, 2009) as it relates to 
impacts from airborne radioactive effluents was based on the analysis in NUREG-6733. 

• NUREG-1910 determined that air quality impacts due to the release of radiological 



effluents would be SMALL.

10 CFR Part 40, Appendix A, Criterion 8 states:

Milling operations must be conducted so that all airborne effluent releases are
reduced to levels as low as is reasonably achievable. The primary means of
accomplishing this must be by means of emission controls ".

10 CFR §20.1101(d) states:

To implement the ALARA requirements of§ 20.1101 (b), and notwithstanding the
requirements in §20.1301 of this part, a constraint on air emissions of radioactive
material to the environment, excluding Radon-222 and its daughters, shall be
established by licensees other than those subject to §50.34a, such that the
individual member of the public likely to receive the highest dose will not be
expected to receive a total effective dose equivalent in excess of 10 mrem (0.1
mSv) per year from these emissions. If a licensee subject to this requirement
exceeds this dose constraint, the licensee shall report the exceedance as provided
in § 20.2203 and promptly take appropriate corrective action to ensure against
recurrence.

Uranium One has proposed the use of vacuum drying technology for the Moore Ranch
project. As noted in NUREG-6733, vacuum dryer technology provides an emission
control approach to ALARA at the source that exceeds the 95 to 99 percent efficiency of
multihearth dryers and "is designed to capture virtually all escaping particles".
Furthermore, it is also of importance to note that NUREG 1910 (NRC 2009), section
4.2.11.2.1 explains " radon gas is emitted from ISL well fields and processing facilities
during operations and is the only radiological airborne effluent for those facilities that use
vacuum dryer technology". Therefore, the use of a vacuum dryer as an emission control
method is by definition as low as reasonably achievable and complies with the
requirements of 10 CFR Part 40, Appendix A, Criterion 8 and 10 CFR 20.1101(d).

Uranium One noted during the teleconference with NRC that the condenser discharge
would be located within the Central Process Plant Building. The CPP will be routinely
monitored for air particulate concentrations as discussed in Section 5 of the Technical
Report. However, since the vacuum dryer design assures that the emission control system
captures "virtually all escaping particles", the constraint in 10 CFR §20.1101(d) to limit
the dose to an individual member of the public to 10 mrem per year will be met.

Uranium One agrees with Open Issue 6 d concerning the requirements for monitoring
dryer emission control equipment and will revise the application as discussed below.

Radon Effluents:

The Moore Ranch design includes the use of pressurized downflow ion exchange
columns. NUREG-1910 (NRC, 2009) in section 2.7.1 notes:

• 

• 
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Pressurized processing systems may contain most of the radon in solution,
however, radon may escape from the processing circuit in the central uranium
processing facility through vents or leaks, during well field operations, or during
resin transfer when remote ion exchange is used. For open air activities, the gas
quickly disperses into the air. In closed processing areas, the building ventilation
systems are designed to limit indoor radon concentrations.

As noted, pressurized ion exchange systems contain most of the radon gas present in the
lixiviant. In these systems, radon gas may be released during venting and resin transfer
operations. These releases of radon gas are collected in vessel venting systems and
directed outside the plant through blowers and discharge stacks to maintain radon and
progeny concentrations within the plant to levels that are ALARA relative to potential
worker exposure. Plant buildings are ventilated through the use of general area
ventilation to remove any radon and progeny present from leaks in an effort to further
reduce worker exposure.

The alternative to pressurized downflow ion exchange columns typically employed for
ISL mining is upflow atmospheric ion exchange columns. These columns release
virtually all of the radon gas present in the lixiviant. The radon gas is usually collected at
the ion exchange columns and exhausted outside the plant through ventilation systems
and stacks.

The use of pressurized downflow ion exchange columns at Moore Ranch will reduce the
radon gas emissions relative to other ion exchange technologies and represents an
emission control method that reduces emissions to levels that are as low as reasonably
achievable and complies with the requirements of 10 CFR Part 40, Appendix A, Criterion
8. Further, the use of these ion exchange systems coupled with tank and area ventilation
systems ensures that worker exposure to radon and it's progeny is maintained ALARA
through the use of engineering controls. The effectiveness of these controls may be seen
in the results of additional MILDOS modeling performed by Uranium One in response to
Open Issue No. 6a.

Operational experience as previously documented by NRC supports the above
conclusions. Throughout the 30 + years of ISR operational experience in the US there is
no evidence of public exposure from radon releases in excess of public exposure criteria.
For example, NUREG 1910 (NRC 2009) - Table 4.2"2 presents 9 dose estimates to
offsite receptors solely from radon releases from ISR facilities, all of which are < 40
mrem/yr. Further, section 4.2.11.2.1 states " all doses reported are well within the 10
CFR 20 annual radiation dose limit for the public of 1 mSv/yr (100 mrem/yr)" and
"...radiological doses from normal operations are expected to have a SMALL impact on
the general public."

Accordingly, the process design and emission control methods described above are
considered technically prudent, sufficiently protective and compliant with ALARA
requirements of 10 CFR 40, Appendix A, Criterion 8, and 10 CFR 20.1101(d).
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quickly disperses into the air. In closed processing areas, the building ventilation 
systems are designed to limit indoor radon concentrations. 

As noted, pressurized ion exchange systems contain most of the radon gas present in the 
lixiviant. In these systems, radon gas may be released during venting and resin transfer 
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Proposed Revisions to License Application

The following changes are proposed to the license application in response to this Open
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

4.1 GASEOUS AND AIRBORNE PARTICULATES

The primary radioactive airborne effluent at the Moore Ranch Facility will be
radon-222 gas. Radon-222 is found in the pregnant lixiviant that comes from the
wellfield into the facility for separation of uranium. The uranium will be
separated from the groundwater by passing the solution through fixed bed ion
exchange (IX) units operated in a pressurized downflow mode. NUREG-1910
(NRC, 2009) in section 2.7.1 notes that pressurized ion exchange systems contain
most of the radon gas present in the lixiviant. In these systems, radon gas may be
released during venting and resin transfer operations. The alternative to
pressurized downflow ion exchange columns typically employed for ISL mining
is upflow atmospheric ion exchange columns. These columns release virtually all
of the radon gas present in the lixiviant. The use of pressurized downflow ion
exchange columns at Moore Ranch will reduce the radon gas emissions relative to
other available ion exchange technologies and represents an emission control
method that reduces emissions to levels that are as low as reasonably achievable
and complies with the requirements of 10 CFR Part 40, Appendix A, Criterion 8.
Further, the use of these ion exchange systems coupled with tank and area
ventilation systems ensures that worker exposure to radon and its progeny is
maintained ALARA through the use of engineering controls.

Vessel vents from the individual IX vessels will be directed to a manifold that is
exhausted to atmosphere outside the building via an induced draft fan. Venting
any released radon-222 gas to atmosphere outside the plant minimizes employee
exposure. Small amounts of radon-222 may be released via solution spills, filter
changes, IX resin transfer, reverse osmosis (RO) system operation during
groundwater restoration, and maintenance activities. These are minimal radon gas
releases on an infrequent basis. The exhaust system in the plant will further
reduce employee exposure. The air in the plant is sampled for radon daughters
(see Section 5.0) to assure that concentration levels of radon and radon daughters
are maintained as low as reasonably achievable (ALARA).

This section describes the gaseous effluent control systems that will be installed in
the Moore Ranch Facility.

4.1.1 Gaseous Effluents-Tank and Process Vessel, and Work Area Ventilation
Systems

• 
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A separate ventilation system will be installed for all indoor non-sealed process
tanks and vessels where radon-222 or process fumes would be expected. The
system will consist of an air duct or piping system connected to the top of each of
the process tanks. Redundant exhaust fans will direct collected gases to discharge
piping that will exhaust fumes to the outside atmosphere. The design of the fans
will be such that the system will be capable of limiting employee exposures with
the failure of any single fan. Discharge stacks will be located on the leeward side
of the building and ventilation intakes will be on the upwind side of the building
to ensure e...a..ted xhausted radon is not taken back into the facility from
prevailing winds- as recommended in Regulatory Guide 8.31-. Airflow through
any openings in the vessels will be from the process area into the vessel and into
the ventilation system, controlling any releases that occur inside the vessel.
Separate ventilation systems may be used as needed for the functional areas
within the plant. Tank ventilation systems of this type have been successfully
utilized at other ISR facilities and have proven to be an effective method for
minimizing employee exposure.

The work area ventilation system will be designed to force air to circulate within
the plant process areas. The ventilation system will exhaust outside the building,
drawing fresh air in. The work area ventilation system will consist of 4 fans with a
capacity 10,000 cfm each. 2 fans will be located in the ion exchange area, one fan
will be located in the resin transfer area, and one fan will be located in the
precipitation area. The air exchange rate of the four fans is approximately 1.25 air
exchanges per hour. During favorable weather conditions, open doorways and
convection vents in the roof will provide satisfactory work area ventilation.
During extreme cold outdoor temperatures, the ventilation system will provide
adequate work area ventilation if doorways need to be shut. Buildings will be
heated during winter months to maintain temperatures in the plant area. The
design of the ventilation system will be adequate to ensure that radon daughter
concentrations in the facility are maintained below 25 percent of the derived air
concentration (DAC) from 10 CFR Part 20.

Other emissions to the air are limited to exhaust and dust from limited vehicular
traffic. Impacts from potential emissions from process chemicals that will be used
at the plant is described in Section 7. There are no significant combustion related
emissions from the process facility as commercial electrical power is available at
the site.

4.1.2 Air Particulate Effluents

Potential radiological air particulate effluents consist primarily of dried
yellowcake in the drying and processing areas of the central plant. The
yellowcake drying facilities at the Moore Ranch Central Plant will be comprised
of vacuum dryers. By design, vacuum dryers do not discharge any uranium when
operating. The vacuum drying system is proven technology, which is being used
successfully in several ISR sites where uranium oxide is being produced. As
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noted in NUREG-6733, vacuum dryer technology provides an emission control
approach to ALARA at the source that exceeds the 95 to 99 percent efficiency of
multihearth dryers and "is designed to capture virtually all escaping particles".
Therefore, the use of a vacuum dryer is an emission control method that reduces
emissions to levels that are as low as reasonably achievable and complies with the
requirements of 10 CFR Part 40, Appendix A, Criterion 8. Air particulate controls
of the vacuum drying system include a bag house, condenser, vacuum pump, and
packaging hood.

The bag house is an air and vapor filtration unit mounted directly above the
drying chamber so that any dry solids collected on the bag filter surfaces can be
batch discharged back to the drying chamber. The bag house is heated to prevent
condensation of water vapor during the drying cycle. It is kept under negative
pressure by the vacuum system.

The condenser unit is located downstream of the bag house and is water cooled. It
is used to remove the water vapor from the non-condensable gases coming from
the drying chamber. The gases are moved through the condenser by the vacuum
system. Any particulates that pass through the bag filters are wetted and entrained
in the condensing moisture within this unit.

The vacuum pump is a rotary water sealed unit that provides a negative pressure
on the entire system during the drying cycle. It is also used to provide ventilation
during transfer of the dry powder from the drying chamber to fifty-five (55)
gallon drums. The water seal of the rotary vacuum pump captures entrained
particulate matter remaining in the gas streams.

The packaging system is operated on a batch basis. When the yellowcake is dried
sufficiently, it is discharged from the drying chamber through a bottom port into
drums. A level gauge, a weigh scale, or other suitable device will be used to
determine when a drum is full. Particulate capture is provided by a sealed hood
that fits on the top of the drum, which is vented through a sock filter to the
condenser and the vacuum pump system when the powder is being transferred.

The system will be instrumented sufficiently to operate automatically and to shut
itself down for malfunctions such as heating or vacuum system failures. The
system will alarm if there is an indication that the emission control system is not
performing within operational specifications. If the system is alarmed due to the
emission control system, the operator will follow standard operating procedures to
recover from the alarm condition, and the dryer will not be unloaded as part of
routine operations, if currently loaded, or reloaded, if currently empty, until the
emission control system is returned to service within specified operational
conditions.

To ensure that the emission control system is performing within specified
operating conditions, instrumentation will be installed that signal an audible alarm
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if the air pressure (i.e. vacuum level) falls below specified levels, and the
operation of this system iswill be checked and documented during dryer
operations. in the cc,, nt this system failsDuring dryer operations, the operator will
perform and document checks of the differential pressure or vacuum every feoi
(4)-hours in accordance with 10 CFR Part 40, Appendix A. Criterion 8.
Additionally, daing routine operations, the air- pressue diff'r.e.ial gauges fe-
ether emfissien eontrol equipment is obser-ved and documffented at least oncee per-
shift durfing dr-yer- pereations.
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Radiological Open Issue No. 6f
Dryer effluent controls

July 27 2009 Teleconference

Open Issue discussion:

The applicant stated that the ventilation system will exhaust air from within the plant to
outside the plant building; however, the applicant has not demonstrated how the gaseous
effluents will be monitored.

Answer:

Other than the discussions on the vacuum dryer off gas system for issues 6bc.e, there are
no other "emission controls" for radon nor for any "particulate" picked up by local
exhaust systems or general plant HVAC. Perhaps we combine this with the 6bc, e
response since a major focus of that response is that effluents are ALARA by design
(from dryer and off gas system) per 10 CFR 40, App A, 8.

We could calculate a radon emission rate (Curies / hr-) from plant - assume an annual
source term (NRC GEIS and/or NMA GER, could be pulled out of MILDOS?), give me
approx. volume (dimensions) of plant and air exchange rate (section 4A1.1 = 1.25/ hr but
may not include consideration of local exhaust friom vessels'? ) - then compare this rate to
natural emissivity (flux) from surface of earth. Also, MILDOS results will support claim
that dose is projected to be so small as to constitute "ALARA"

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

Add results of this analysis to discussion in section 4.1
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EXTERNAL RADIATION EXPOSURE MONITORING PROGRAM

Radiological Open Issue No. 7
Adequacy of monitoring program to detect and control gamma radiation from

uranium decay products
July 27 2009 Teleconference

Open Issue discussion:

The applicant stated that the external gamma survey meters will have a detection range of
100 uR/hr to 5 mR/hr. The applicant also stated that radiation dose rates may exceed 5
mrem per hour. The staff cannot verify if the external radiation exposure monitoring
program is sufficient, to detect and control gamma radiation from uranium decay
products.

Answer:

The minimum specifications discussed in Section 5.7.2.1 will be revised to ensure that
external gamma survey meters are used that will be capable of detecting radiation dose
rates in excess of 5 mrem per hour.

The instruments described in Section 5.7.2.1 to conduct general beta/gamma surveys are
a Ludlum Model 3 survey meter and Ludlum 44-38 probe or equivalent. The Model 3 is a
general purpose survey meter with a meter scale of 0 to 2 mrem/hr and with scale
multiplier adjustments of X 0.1, X 1.0, X 10, and X 100. Accordingly, the effective range
of this survey meter and probe is 0 to 200 mrem/hr. The model 44-38 probe is a thin
walled GM detector with beta shield and is appropriate for measurement of both gamma
and beta + gamma fields.

Radiological Open Issue No. 8
Information on lower limits of detection on beta and gamma radiation survey

instruments
July 27 2009 Teleconference

Open Issue discussion:

The applicant identifies several types of portable radiation meters to conduct beta and
gamma surveys. The staff cannot verify if the monitoring equipment has a lower limit of
detection that allows measurement of 10% of the applicable limits.

Answer:

For general gamma/beta dose rate surveys, the Ludlum Model 44-38 and 44-6 sidewall
GM detectors (or equivalent) are specified in sections 5.7.2.1 and 5.7.2.2 of the
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application. The manufacturer specifications (Ludlum Instruments Catalogue 2008) for
both the model 44-6 and model 44-38 indicate a sensitivity of 1200 cpm per mrem/hr and
backgrounds of 20 cpm (beta shield closed) and 25 cpm open. Accordingly, the MDL for
these instruments would be approximately 30 gR/hr at twice background.

For alpha contamination surveys, section 5.7.6 specifies use of Ludlum Model 43-65 or
43-5 alpha scintillation probes. The manufacturer specifications for these alpha probes
indicate a background of < 3 cpm alpha with efficiencies of 13-17% (Pu-239, Th-230)
Accordingly, the MDL for these instruments at twice background should be
approximately 30 - 40 dpm alpha across their active windows of 63-76 cm 2. Human
performance (proximity to surface, survey speed, etc) potentially has a significant effect
on the MDL. However, this is the case with any hand held survey instruments.

Radiological Open Issue No. 9
Frequency of beta surveys

July 27 2009 Teleconference

Open Issue discussion:

The applicant states that they will perform beta surveys at least once for each operation
and whenever there is a change in procedures or equipment that may affect the beta dose.
The staff cannot determine what is meant by "at least once for each operation".

Radiological Open Issue No. 19
Beta surveys of operations involving direct handling of large quantities of aged

yellowcake
July 27 2009 Teleconference

Open Issue discussion:

The applicant does not address how it plans to conduct beta surveys in the plant and what
action levels will be taken to protect personnel working in potential beta and gamma
radiation fields.

Answer:

Beta exposure rate surveys will be performed at the specific operations that involve direct
handling of large quantities of aged yellowcake. This would include in plant areas
associated with precipitation, dewatering (filter press) and drying/packaging. Surveys
will be performed with a Ludlum 44-6 sidewall GM detector or equivalent. These surveys
will be performed near the surface of the material (e.g., within 10 cm) so as to be
representative of beta exposure rates to workers' hands and skin during the handling of
the material. Surveys will be performed at initiation of operations and subsequent surveys
and/or beta evaluations will be performed whenever procedural and/or equipment
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associated with precipitation, dewatering (filter press) and drying/packaging. Surveys 
will be performed with a Ludlum 44-6 sidewall GM detector or equivalent. These surveys 
will be performed near the surface of the material (e.g., within 10 cm) so as to be 
representative of beta exposure rates to workers' hands and skin during the handling of 
the material. Surveys will be performed at initiation of operations and subsequent surveys I. and/or beta evaluations will be performed whenever procedural and/or equipment 



changes could affect the beta levels to which employees may be exposed. Any beta
exposure rate evaluations for these operations that are performed in lieu of instrument
surveys will use the information provided in Regulatory Guide 8.30 Figures 1 and 2.

Beta contamination surveys will similarly be performed in these same plant areas initially
and whenever procedural and/or equipment change may increase risk of beta
contamination. These surveys will be performed with a Ludlum 43-1-1 alpha - beta
phoswich scintillation probe or equivalent. This probe has an active window area of 83
cm2, rated efficiencies of 30% alpha (Pu 239) and 30% beta (Sr 90 / Y 90) and typicalbackgrounds of 3 cpm alpha and < 300 cpm beta.

If it is determined that beta exposure rates to which workers could be exposed could
result in shallow dose equivalents to the skin or the skin of extremities that are > 10% of
the limits from 10 CFR §20.1201 (a)(2), provisions for personnel beta monitoring (e.g.,
ring and/or wrist badges) will be provided.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to these Open
Issues. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

5.7.2.1 Gamma Surveys

External gamma radiation surveys will be performed routinely at the Moore
Ranch Uranium Project. The required frequency will be q..i.ey--p-nthlyin
designated Radiation Areas and semiannually in all other areas of the plant.
Surveys will be performed at worker occupied stations and areas of potential
gamma sources such as tanks and filters. EMC will establish and post as a
Radiation Area any area, accessible to workers, in which radiation levels could
result in an individual receiving a dose equivalent in excess of 5 mrem in 1 hourif
the sur-vey indieates that gammha radiatiein levels exEeecd the aetion level of 5.0
mRem per- ho.r. far- w..k.r. , .eupied stations. An investigation will be performed
to determine the probable source and survey frequency for areas exceeding 5.0
mRem per hour is increased to Etuartefionthly. Records will be maintained of
each investigation and the corrective action taken. If the results of a gamma
survey identified areas where gamma radiation is in excess of levels that delineate
a "radiation area", access to the area will be restricted and the area will be posted
as required in 10 CFR §20.1902 (a).

External gamma surveys will be performed with survey equipment that meets the
following minimum specifications:

• 

• 

changes could affect the beta levels to which employees may be exposed. Any beta 
exposure rate evaluations for these operations that are performed in lieu of instrument 
surveys will use the information provided in Regulatory Guide 8.30 Figures 1 and 2. 

Beta contamination surveys will similarly be performed in these same plant areas initially 
and whenever procedural and/or equipment change may increase risk of beta 
contamination. These surveys will be performed with a Ludlum 43-1-1 alpha - beta 
phoswich scintillation probe or equivalent. This probe has an active window area of 83 
cm2

, rated efficiencies of 30% alpha (Pu 239) and 30% beta (Sr 90 / Y 90) and typical 
backgrounds of 3 cpm alpha and < 300 cpm beta. 

If it is determined that beta exposure rates to which workers could be exposed could 
result in shallow dose equivalents to the skin or the skin of extremities that are ~ 10% of 
the limits from 10 CFR §20.l201 (a)(2), provisions for personnel beta monitoring (e.g., 
ring and/or wrist badges) will be provided. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to these Open 
Issues. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method . 

5.7.2.1 Gamma Surveys 

External gamma radiation surveys will be performed routinely at the Moore 
Ranch Uranium Project. The required frequency will be quarterly monthly in 
designated Radiation Areas and semiannually in all other areas of the plant. 
Surveys will be performed at worker occupied stations and areas of potential 
gamma sources such as tanks and filters. EMC will establish and post as· a 
Radiation Area any area, accessible to workers, in which radiation levels could 
result in an individual receiving a dose equivalent in excess of 5 mrem in 1 hourff 
the survey indicates that gamma radiation levels exceed the action level of 5.0 
mRem per hour for 'Norker occupied stations. An investigation will be performed 
to determine the probable source and survey frequency for areas exceeding 5.0 
mRem per hour is increased to quarterlymonthly. Records will be maintained of 
each investigation and the corrective action taken. If the results of a gamma 
survey identified areas where gamma radiation is in excess of levels that delineate 
a "radiation area", access to the area will be restricted and the area will be posted 
as required in 10 CFR §20.1902 (a). 

External gamma surveys will be performed with survey equipment that meets the 
following minimum specifications: 



1. Range - Lowest range not to exceed 4-200 microRoentgens per hour
(gRlhr) full-scale with the highest range to read at least 5100 milliRoentgens per
hour (mR per hour) full scale;

2. Battery operated and portable;

Examples of satisfactory instrumentation that meets these requirements are the
Ludlum Model 3 survey meter with a Ludlum 44-38 probe or equivalent. The
Model 3 is a general purpose survey meter with a meter scale of 0 to 2 mrem/hr
and scale multiplier adjustments of X 0.1, X 1.0, X 10, and X 100. Accordingly,
the effective range of this survey meter and probe is 0 - 200 mrem/hr. The model
44-38 has a sensitivity of 1,200 cpm per mrem/hr and backgrounds of 20 cpm
(beta shield closed) and 25 cpm open. Accordingly, the MDL for this instrument
is approximately 30 [!R/hr at twice background. Gamma survey instruments will
be calibrated at the manufacturer's suggested interval or at least annually and will
be operated in accordance with the manufacturer's recommendations. Instrument
checks will be performed each day that an instrument is used.

5.7.2.2 Beta Surveys

Beta surveys of specific operations that involve direct handling of large quantities
of aged yellowcake are recommended in USNRC Regulatory Guide 8.30, Section
1-2.4. The beta dose rate on the surface of yellowcake just after separation from
ore is negligible. Over a period of several months, the beta dose from aged
yellowcake increases due to the ingrowth of protactinium-234 and thorium-234.
EMC plans to ship yellowcake on a schedule that minimizes the dose from aged
yellowcake.

EMC will perform -beta exposure rate surveys at specific operations that involve
direct handling of large quantities of aged yellowcake. This includes operations in
plant areas associated with precipitation, dewatering (filter press) and
drying/packaging. will perf-frm beta surveys at least .n.. e- f.r ea, .h- per-atin an

n ahenever there is a .hange in predures or equ.ipment that may affe.t the beta
dese. Surveys will be performed at the initiation of operations and subsequent
surveys and/or beta evaluations will be performed whenever procedural and/or
equipment changes could affect the beta levels to which employees may be
exposed. Surveys will be performed near the surface of the material (e.g., within
10 cm) so as to be representative of beta exposure rates to workers' hands and
skin during the handling of the material. Beta ontam.inaften sur..eys will b
per-formed uising a Luditumf Model 2221 portable sealer/ratemfeter- with a Luldlumff

3 13 1alphabeta sintillator probe or. equivalent, Beta dose rate surveys will be
performed with a Ludlum Model 44-6 sidewall G-M detector or equivalent. The
model 44-6 has a sensitivity of 1,200 cpm per mrem/hr and backgrounds of 20
cpm (beta shield closed) and 25 cpm open. Accordingly, the MDL for this
instrument is approximately 30 gR/hr at twice background. If it is determined that
beta exposure rates to which workers could be exposed could result in shallow

,. 
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1. Range - Lowest range not to exceed 4-200 microRoentgens per hour 
(~RIhr) full-scale with the highest range to read at least .§.100 milliRoentgens per 
hour (mR per hour) full scale; 

2. Battery operated and portable; 

Examples of satisfactory instrumentation that meets these requirements are the 
Ludlum Model 3 survey meter with a Ludlum 44-38 probe or equivalent. The 
Model 3 is a general pur:pose survey meter with a meter scale of 0 to 2 mrem/hr 
and scale multiplier adjustments of X 0.1, X 1.0, X 10, and X 100. Accordingly, 
the effective range of this survey meter and probe is 0 - 200 mremlhr. The model 
44-38 has a sensitivity of 1,200 cpm per mremlhr and backgrounds of 20 cpm 
(beta shield closed) and 25 epm open. Accordingly, the MDL for this instrument 
is approximately 30 y,RIhr at twice background. Gamma survey instruments will 
be calibrated at the manufacturer's suggested interval or at least annually and will 
be operated in accordance with the manufacturer's recommendations. Instrument 
checks will be performed each day that an instrument is used. 

5.7.2.2 Beta Surveys 

Beta surveys of specific operations that involve direct handling of large quantities 
of aged yellowcake are recommended in USNRC Regulatory Guide 8.30, Section 
4-2.4. The beta dose rate on the surface of yellowcake just after separation from 
ore is negligible. Over a period of several months, the beta dose from aged 
yellowcake increases due to the ingrowth of protactinium-234 and thorium-234. 
EMC plans to ship yellowcake on a schedule that minimizes the dose from aged 
yellowcake. 

EMC will perform -beta exposure rate surveys at specific operations that involve 
direct handling of large quantities of aged yellowcake. This includes operations in 
plant areas associated with precipitation, dewatering (filter press) and 
drying/packaging.lvVill perform beta surveys at least once for each" operation and 
vmenever there is a change in procedures or equipment that may affect the beta 
d&se. Surveys will be performed at the initiation of operations and subsequent 
surveys andlor beta evaluations will be performed whenever procedural andlor 
equipment changes could affect the beta levels to which employees may be 
exposed. Surveys will be performed near the surface of the material (e.g., within 
10 cm) so as to be representative of beta exposure rates to workers' hands and 
skin during the handling of the material. Beta eontamination suP/eys will be 
performed using a Ludlum Model 2221 portable sealerlratemeter ',vith a Ludlum 
43 1 1 alpha/beta scintillator probe or equivalent. Beta dose rate surveys will be 
performed with a Ludlum Model 44-6 sidewall G-M detector or equivalent. The 
model 44-6 has a sensitivity of 1,200 cpm per mremlhr and backgrounds of 20 
cpm (beta shield closed) and 25 cpm open. Accordingly, the MDL for this 
instrument is approximately 30 y,RIhr at twice background. If it is determined that 
beta exposure rates to which workers could be exposed could result in shallow 



dose equivalents to the skin or the skin of extremities that are > 10% of the limits
from 10 CFR §20.1201 (a)(2), provisions for personnel beta monitoring (e.g., ring
and/or wrist badges) will be provided.

Beta contamination surveys will also be performed in these same plant areas
initially and whenever procedural and/or equipment change may increase risk of
beta contamination. These surveys will be performed using a Ludlum Model
2224-1 portable scaler/ratemeter with a Ludlum 43-1-1 alpha - beta phoswich
scintillation probe or equivalent. This probe has an active window area of 83 cm2,
rated efficiencies of 30% alpha (Pu 239) and 30% beta (Sr 90 / Y 90) and typical
backgrounds of 3 cpm alpha and < 300 cpm beta.

As discussed in Regulatory Guide 8.30, beta evaluations may be substituted for
surveys using radiation survey instruments based on two figures provided in the
Regulatory Guide. These beta evaluations are based on curves that represent the
increase of the beta dose rate over time due to the ingrowth of protactinium-234
and thorium-234 (Regulatory Guide 8.30, Figure 1) and the decrease of beta dose
as the distance from the source increases (Regulatory Guide 8.30, Figure 2).

• 

• 

dose equivalents to the skin or the skin of extremities that are > 10% of the limits 
from 10 CFR §20.1201 (a)(2), provisions for personnel beta monitoring (e.g., ring 
and/or wrist badges) will be provided. 

Beta contamination surveys will also be performed in these same plant areas 
initially and whenever procedural and/or equipment change may increase risk of 
beta contamination. These surveys will be performed using a Ludlum Model 
2224-1 portable scaler/ratemeter with a Ludlum 43-1-1 alpha - beta phoswich 
scintillation probe or equivalent. This probe has an active window area of 83 cm2, 
rated efficiencies of 30% alpha (Pu 239) and 30% beta (Sr 90 I Y 90) and typical 
backgrounds of 3 cpm alpha and < 300 cpm beta. 

As discussed in Regulatory Guide 8.30, beta evaluations may be substituted for 
surveys using radiation survey instruments based on two figures provided in the 
Regulatory Guide. These beta evaluations are based on curves that represent the 
increase of the beta dose rate over time due to the ingrowth of protactinium-234 
and thorium-234 (Regulatory Guide 8.30, Figure 1) and the decrease of beta dose 
as the distance from the source increases (Regulatory Guide 8.30, Figure 2) . 



Radiological Open Issue No. 8
Information on lower limits of detection on beta and gamma radiation survey instruments

July 27 2009 Teleconference

Open Issue discussion:

The applicant identifies several types of portable radiation meters to conduct beta and gamma
surveys. The staff cannot verify if the monitoring equipment has a lower limit of detection that
allows measurement of 10% of the applicable limits.

Answer:
For general gamma/beta dose rate surveys, the Ludlum Model 44-38 and 44-6 sidewall GM
detectors (or equivalent) are specified in sections 5.7.2.1 and 5.7.2.2 of the application. The
manufacturer specifications (Ludlum Instruments Catalogue 2008) for both the model 44-6 and
model 44-38 indicate a sensitivity of 1200 cpm per mrem/hr and backgrounds of 20 cpm (beta
shield closed) and 25 cpm open. Accordingly, the MDL for these instruments would be
approximately 30 gR/hr at twice background.

For alpha contamination surveys, section 5.7.6 specifies use of Ludlum Model 43-65 or 43-5
alpha scintillation probes. The manufacturer specifications for these alpha probes indicate a
background of < 3 cpm alpha with efficiencies of 13-17% (Pu-239, Th-230) Accordingly, the
MDL for these instruments at twice background should be approximately 30 - 40 dpm alpha
across their active windows of 63-76 cm2 . Human performance (proximity to surface, survey
speed, etc) potentially has a significant effect on the MDL. However, this is the case with any
hand held survey instruments.

Proposed Revisions to License Application

See Open Issue 7
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Radiological Open Issue No.8 
Information on lower limits of detection on beta and gamma radiation survey instruments 

July 27 2009 Teleconference 

Open Issue discussion: 

The applicant identifies several types of portable radiation meters to conduct beta and gamma 
surveys .. The staff cannot verify if the monitoring equipment has a lower limit of detection that 
allows measurement of 10% of the applicable limits. 

Answer: 
For general gamma/beta dose rate surveys, the Ludlum Model 44-38 and 44-6 sidewall GM 
detectors (or equivalent) are specified in sections 5.7.2.1 and 5.7.2.2 of the application. The' 
manufacturer specifications (Ludlum Instruments Catalogue 2008) for both the model 44-6 and 
model 44-38 indicate a sensitivity of 1200 cpm per mremlhr and backgrounds of 20 cpm (beta 
shield closed) and 25 cpm open. Accordingly, the MDL for these instruments would be 
approximately 30 IlRihr at twice background. 

For alpha contamination surveys, section 5.7.6 specifies use of Ludlum Model 43-65 or 43-5 
alpha scintillation probes. The manufacturer specifications for these alpha probes indicate a 
background of < 3 cpm alpha with efficiencies of 13-17% (Pu-239, Th-230) Accordingly, the 
MDL for these instruments at twice background should be approximately 30 - 40 dpm alpha 
across their active Windows of 63-76 cm2

. Human performance (proximity to surface, survey 
speed, etc) potentially has a significant effect on the MDL. However, this is the case with any 
hand held survey instruments. 

Proposed Revisions to License Application 

See Open Issue 7 



Radiological Open Issue No. 9
Frequency of beta surveys

July 27 2009 Teleconference

Open Issue discussion:

The applicant states that they will perform beta surveys at least once for each operation and
whenever there is a change in procedures or equipment that may affect the beta dose. The staff
cannot determine what is meant by "at least once for each operation".

Answer:

See response to Open Item 19

Proposed Revisions to License Application

See response to Open Item 7

Open Issues 7,8,9, and 19 have been combined

• 
Open Issue discussion: 

Radiological Open Issue No.9 
Frequency of beta surveys 

July 27 2009 Teleconference 

The applicant states that they will perform beta surveys at least once for each operation and 
whenever there is a change in procedures or equipment that may affect the beta dose. The staff 
cannot determine what is meant by "at least once for each operation". 

Answer: 

See response to Open Item 19 

Proposed Revisions to License Application 

See response to Open Item 7 

Open Issues 7,8,9, and 19 have been combined 



Radiological Open Issue No. 10
Adequacy of beta personnel monitoring

July 27 2009 Teleconference

Open Issue discussion:

The applicant plans to conduct beta surveys in the plant but does not identify personnel
monitoring for beta. The staff cannot verify if the monitoring program is adequate to
protect workers from the hazards of beta radiation.

Answer:

Section 5.7.4.3 of the application states that "occupational exposure to external gamma
and beta radiation will be measured using personnel dosimeters such as
Thermoluminescent Dosimeters (TLD) or Optically Stimulated Dosimeters (OSL)".
Which type will be used has not as yet been determined. Determination of the potential
for beta exposure of personnel (hands and skin) is discussed in response Radiological
Open Issue No. 9 from the July 27, 2009 teleconference.

Proposed Revisions to License Application

No changes are proposed to the license application in response to this Open Issue.

• 
Open Issue discussion: 

Radiological Open Issue No. 10 
Adequacy of beta personnel monitoring 

July 27 2009 Teleconference 

The applicant plans to conduct beta surveys in the plant but does not identify personnel 
monitoring for beta. The staff cannot verify if the monitoring program is adequate to 
protect workers from the hazards of beta radiation. -

Answer: 

Section 5.7.4.3 of the application states that "occupational exposure to external gamma 
and beta radiation will be measured using personnel dosimeters such as 
Thermoluminescent Dosimeters (TLD) or Optically Stimulated Dosimeters (OSL)". 
Which type will be used has not as yet been determined. Determination of the potential 
for beta exposure of personnel (hands and skin) is discussed in response Radiological 
Open Issue No.9 from the July 27,2009 teleconference. 

Proposed Revisions to License Application 

No changes are proposed to the license application in response to this Open Issue. 



Radiological Open Issue No. 11
Alternative action levels based on quarterly rather than monthly bioassay sampling

July 27 2009 Teleconference

Open Issue discussion:

The applicant indicated that it will follow the corrective actions in Table 1 of Regulatory
Guide 8.22. This is a corrective action program based on monthly urinary uranium
results. The applicant indicates that will conduct quarterly sampling. The staff cannot
verify if the proposed bioassay program is consistent with Regulatory Guide 8.22.

Answer:

The bioassay program for Moore Ranch will be conducted in accordance with Regulatory
Guide 8.22, Bioassay at Uranium Mills, Revision 1, August 1988 and NUREG 0874,
Internal Dosimetry Model for Application to Bioassay at Uranium Mills (1986).
NUREG-0874 provides the technical basis for Regulatory Guide 8.22. In fact,
frequencies of sampling based on solubility characteristics, associated action levels and
recommended actions specified in Tables 1 and 2 of Regulatory Guide 8.22 are taken
directly from NUREG-0874. NRC has noted that they have simplified some of the detail
from NUREG-0874 for ease of implementation using the official guidance in Regulatory
Guide 8.22 (see NUREG 0874, Section 6, which compares the action levels and bioassay
frequencies of Regulatory Guide 8.22 versus those contained in NUREG-0874). Any
proposals for deviations in the Moore Ranch bioassay program from the technical
positions in Regulatory Guide 8.22 will be justified based on data derived from NUREG-
0874 or appropriate updates (see below).

Although there is some uncertainty at present regarding the applicability of TGLD
solubility Class D versus Class W for Moore Ranch uranium products, the solubility
characteristics of the less soluble Class W compounds are well within the range of
dissolution half times defined by NUREG-0874 for "low temperature drying" (see
NUREG 0874, Table 1-3). Additionally, data from the technical literature (as discussed
in the response to Radiological Open Issue No. 12) indicates that the U0 3, U0 4 and
associated hydrates produced in modem ISR facilities are soluble. Accordingly, a
monthly sampling frequency for yellowcake workers as recommended in Regulatory
Guide 8.22 is appropriate and will be used at Moore Ranch.

Although Regulatory Guide 8.22 recommends routine bioassays for yellowcake workers
at suspected inhalation exposures of > 1E10 jiCi/l (1/3 the Class W DAC), all workers
potentially exposed to dry yellowcake will be included in the routine bioassay program
and will be sampled on a monthly urinalysis frequency. The action levels and associated
recommended actions specified in Regulatory Guide 8.22 Table 1 and 2 will be used. It
will be our intention as practical to have employees deposit and submit their monthly
urine samples following 1 - 2 days off from work to allow for clearance and elimination
of uranium that does not become systemic and absorbed by the kidneys. Standard practice
for routine urinalysis programs is to assume the exposure/intake occurred on the day or

• 

• 
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Radiological Open Issue No. 11 
Alternative action levels based on quarterly rather than monthly bioassay sampling 

. July 27 2009 Teleconference 

Open Issue discussion: 

The applicant indicated that it will follow the corrective actions in Table 1 of Regulatory 
Guide 8.22. This is a corrective action program based on monthly urinary uranium 
results. The applicant indicates that will conduct quarterly sampling. The staff cannot 
verify if the proposed bioassay program is consistent with Regulatory Guide 8.22. 

Answer: 

The bioassay program for Moore Ranch will be conducted in accordance with Regulatory 
Guide 8.22, Bioassay at Uranium Mills, Revision 1, August 1988 and NUREG 0874, 
Internal Dosimetry Model for Application to Bioassay at Uranium Mills (1986). 
NUREG-0874 provides the technical basis for Regulatory Guide 8.22. In fact, 
frequencies of sampling based on solubility characteristics, associated action levels and 
recommended actions specified in Tables 1 and 2 of Regulatory Guide 8.22 are taken 
directly from NUREG-0874. NRC has noted that they have simplified some of the detail 
from NUREG-0874 for ease of implementation using the official guidance in Regulatory 
Guide 8.22 (see NUREG 0874, Section 6, which compares the action levels and bioassay 
frequencies of Regulatory Guide 8.22 versus those contained in NUREG-0874). Any 
proposals for deviations in the Moore Ranch bioassay program from the technical 
positions in Regulatory Guide 8.22 will be justified based on data derived from NUREG-
0874 or appropriate updates (see below). 

Although there is some uncertainty at present regarding the applicability of TGLD 
solubility Class D versus Class W for Moore Ranch uranium products, the solubility 
characteristics of the less soluble Class W compounds are well within the range of 
dissolution half times defined by NUREG-0874 for "low temperature drying" (see 
NUREG 0874, Table 1-3). Additionally, data from the technical literature (as discussed 
in the response to Radiological Open Issue No. 12) indicates that the U03, U04 and 
associated hydrates produced in modem ISR facilities are soluble. Accordingly, a 
monthly sampling frequency for yellowcake workers as recommended in Regulatory 
Guide 8.22 is appropriate and will be used at Moore Ranch. 

Although Regulatory Guide 8.22 recommends routine bioassays for yellowcake workers 
at suspected inhalation exposures of ~ lKlO ~Ci/l (1/3 the Class W DAC), all workers 
potentially exposed to dry yellowcake will be included in the routine bioassay program 
and will be sampled on a monthly urinalysis frequency. The action levels and associated 
recommended actions specified in Regulatory Guide 8.22 Table 1 and 2 will be used. It 
will be our intention as practical to have employees deposit and submit their monthly 
urine samples following 1 - 2 days off from work to allow for clearance and elimination 
of uranium that does not become systemic and absorbed by the kidneys. Standard practice 
for routine urinalysis programs is to assume the exposure/intake occurred on the day or 

) 



days immediately following the previous sample collection. Accordingly, the action
levels and actions of Regulatory Guide 8.22 Table 1 are appropriate based on a monthly
sampling frequency.

However, special, ad hoc samples, in addition to routine monthly samples, may be
needed in response to situations such as potentially elevated airborne concentrations, as
required by radiation work permits, whenever respiratory protection devices are found to
be internally contaminated following use, in response to positive nasal and/or mouth
swabs, etc. In such cases, it will be assumed that the exposure/intake occurred at a
specific time related to the activities causing the potential intake and Figure 2 of
Regulatory Guide 8.22 will be used to establish action levels.

Radiological Open Issue No. 13
Urinalysis as the sole bioassay technique

July 27 2009 Teleconference

Open Issue discussion:

The applicant states that it will use urinalysis as the method of bioassay due to the high
solubility of the chemical form of yellowcake. The applicant has not provided
justification for using the Class "D" inhalation for uranium in air. Regulatory Guide 8.22
recommends that for exposures to Class "W" or Class "Y" material, in vivo lung
counting or alternate sampling times and action levels should be considered.

Answer:

As indicated in the response to Radiological Open Issue No. 12 and above, it will be
initially assumed that the Moore Ranch U0 3/U0 4 uranium product is TGLD Class W
although much or most of it will likely be Class D based upon the proposed drying
temperatures. Nonetheless, as discussed above, NUREG-0874 and therefore Regulatory
Guide 8.22 considers such material to be "low fired yellowcake". Additionally, it must be
recognized that there are only a few in vivo lung counting facilities in the United States
with the appropriate equipment, software and experience to measure pulmonary
deposition of natural uranium at the required detection limits (e.g. 9 nCi total pulmonary)
and these few facilities have been historically used for this purpose in response to
suspected "significant" intakes as based on confirmed urinalysis results. (Note that at
facilities with insoluble uranium products, e.g., high fired oxides at fuel fabrication
and/or nuclear weapon plants) fecal sampling is also used as "trigger" for in vivo
analysis). However, it is important to note that the metabolic model used in ICRP 54,
Individual Monitoring for Intakes of Radionuclides by Workers, assumes 100% of
systemic uranium is eliminated via the urine. For the past 30 years, routine urinalysis has
been and continues to be the practical and appropriate method of routine bioassay at
uranium recovery facilities. We note that footnote b of Table 1 of Regulatory Guide 8.22
defers to NUREG-0874 Section 6 for considerations of in vivo lung counting to detect
intakes of more insoluble, high fired materials. The NUREG recommends that in vivo
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days immediately following the previous sample collection. Accordingly, the action 
levels and actions of Regulatory Guide 8.22 Table 1 are appropriate based on a monthly 
sampling frequency. 

However, special, ad hoc samples, in addition to routine monthly samples, may be 
needed in response to situations such as potentially elevated airborne concentrations, as 
required by radiation work permits, whenever respiratory protection devices are found to 
be internally contaminated following use, in response to positive nasal and/or mouth 
swabs, etc. In such cases, it will be assumed that the exposure/intake occurred at a 
specific time related to the activities causing the potential intake and Figure 2 of 
Regulatory Guide 8.22 will be used to establish action levels. 

Open Issue discussion: 

Radiological Open Issue No. 13 
Urinalysis as the sole bioassay technique 

July 27 2009 Teleconference 

The applicant states that it will use urinalysis as the method of bioassay due to the high 
solubility of the chemical form of yellowcake. The applicant has not provided 
justification for using the Class "D" inhalation for uranium in air. Regulatory Guide 8.22 
recommends that for exposures to Class "w" or Class "Y" material, in vivo lung 
counting or alternate sampling times and action levels should be considered. 

Answer: 

As indicated in the response to Radiological Open Issue No. 12 and above, it will be 
initially assumed that the Moore Ranch U03IU04 uranium product is TGLD Class W 
although much or most of it will likely be Class D based upon the proposed drying 
temperatures. Nonetheless, as discussed above, NUREG-0874 and therefore Regulatory 
Guide 8.22 considers such material to be "low fired yellowcake". Additionally, it must be 
recognized that there are only a few in vivo lung counting facilities in the United States 
with the appropriate equipment, software and experience to measure pulmonary 
deposition of natural uranium at the required detection limits (e.g. 9 nCi total pulmonary) 
and these few facilities have been historically used for this purpose in response to 
suspected "significant" intakes as based on confirmed urinalysis results. (Note that at 
facilities with insoluble uranium products, e.g., high fired oxides at fuel fabrication 
andlor nuclear weapon plants) fecal sampling is also used as "trigger" for in vivo 
analysis). However, it is important to note that the metabolic model used in ICRP 54, 
Individual Monitoring for Intakes of Radionuclides by Workers, assumes 100% of 
systemic uranium is eliminated via the urine. For the past 30 years, routine urinalysis has 
been and continues to be the practical and appropriate method of routine bioassay at 
uranium recovery facilities. We note that footnote b of Table 1 of Regulatory Guide 8.22 
defers to NUREG-0874 Section 6 for considerations of in vivo lung counting to detect 

I Ie intakes of more insoluble, high fired materials. The NUREG recommends that in vivo 



capabilities should be available "to guard against the unlikely, but possible, contingency
that large intakes of Class W or Y transportability might. go undetected". In vivo
capabilities as follow-up to confirmed urinalysis results in excess of action levels as
specified in Regulatory Guide 8.22 Table 1 will be accessed as necessary. However, as
discussed above and in the response to Radiological Open Issue No. 12, the Moore Ranch
uranium products will almost certainly exhibit transportability characteristics typical of
soluble, low-fired yellowcake and the contingency alluded to in NUREG 0874 will likely
not be applicable to the Moore Ranch uranium products.

Radiological Open Issue No. 15
Acceptable method for evaluating positive bioassays

July 27 2009 Teleconference

Open Issue discussion:

The applicant does not discuss a method for assigning a dose for positive bioassay
results. The applicant needs to provide a technical basis for how the uptake will be
converted to a dose and assigned to the individual in accordance with 10 CFR 20 Subpart
C. The staff indicated that Regulatory Guide 8.22, "Bioassay at Uranium Mills" is still
available.

Answer:

As discussed in response to Open Issue No. 13, the actions specified in Table 1 of
Regulatory Guide 8.22 will be taken and documented in response to the stated action
levels (or as may be derived from Regulatory Guide 8.22 Figure 2 and/or NUREG 0874).

Internal exposure assessment and resultant dose assignment is usually based on air
sampling results ("DAC hrs" and/or intake (gtCi) with the CEDE estimated from DAC-
hrs of exposure relative to 2000 DAC- hrs /yr or 1 ALI = 5 Rem CEDE (e.g., Regulatory
Guide 8.30, Regulatory Guide 8.34). However, 10 CFR 20.1204 (c) allows calculation of
CEDE based on specific information on physical and biochemical properties of the
radionuclide(s) of interest. Accordingly, bioassay results, accrued through approved
methods, can be used for purposes of dosimetry (see also 20.1204 (b)). Although air
sampling results will be the usual method of calculating and assigning dose to workers as
referenced above and described in Section 5.7.4.1 of the application, bioassay results may
be used in circumstances in which confirmed intakes are estimated to result in an annual
CEDE > 500 mrem (i.e., 10 percent of the occupational exposure limit) and/or when such
confirmed results suggest exposures greater than that estimated from air sampling results
and time studies. The basic dosimetry model and guidance in NUREG-0874 will be used
for this purpose as modified by more recent elimination/retention functions (e.g., ICRP
54) and guidance in Regulatory Guide 8.9 and Regulatory Guide 8.34. The dosimetry
model used by NUREG-0874 is the historical TGLD metabolic model (see NUREG 0874
Figure 1) which assumes 67% of uranium entering the blood is excreted via urine in the
first day without appreciable uptake to tissues; kidney uptake = 11% subsequently

• 

• 
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soluble, low-fired yellowcake and the contingency alluded to inNUREG 0874 will likely 
not be applicable to the Moore Ranch uranium products. 

Radiological Open Issue No. 15 
Acceptable method for evaluating positive bioassays 

July 27 2009 Teleconference 

Open Issue discussion: 

The applicant does not discuss a method for assigning a dose for positive bioassay 
results. The applicant needs to provide a technical basis for how the uptake will be 
converted to a dose and assigned to the individual in accordance with 10 CFR 20 Subpart 
C. The staff indicated that Regulatory Guide 8.22, "Bioassay at Uranium Mills" is still 
available. 

Answer: 

As discussed in response to Open Issue No. 13, the actions specified in Table 1 of 
Regulatory Guide 8.22 will be taken and documented in response to the stated action 
levels (or as may be derived from Regulatory Guide 8.22 Figure 2 and/or NUREG 0874). 

Internal exposure assessment and resultant dose assignment is usually based on air 
sampling results ("DAC hrs" and/or intake (J..lCi) with the CEDE estimated from DAC­
hrs of exposure relative to 2000 DAC- hrs /yr or 1 ALI = 5 Rem CEDE (e.g., Regulatory 
Guide 8.30, Regulatory Guide 8.34). However, 10 CFR 20.1204 (c) allows calculation of 
CEDE based on specific information on physical and biochemical properties of the 
radionuclide(s) of interest. Accordingly, bioassay results, accrued through approved 
methods, can be used for purposes of dosimetry (see also 20.1204 (b)). Although air 
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54) and guidance in Regulatory Guide 8.9 and Regulatory Guide 8.34. The dosimetry 
model used by NUREG-0874 is the historical TGLD metabolic model (see NUREG 0874 
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excreted; systemic uptake = 22% which is subsequently released to blood from which
67% excreted / day, 11% absorbed by kidney and 22% reabsorbed back to tissues.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to these Open
Issues. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

5.7.5 BIOASSAY PROGRAM

EMC will implement a urinalysis bioassay program at the Moore Ranch Uranium
Project that meets the guidelines contained in USNRC Regulatory Guide 8.22.
The primary purpose of the program will be to detect uranium intake in
employees who are regular,-potentially exposed to airborne uranium and to
confirm the results of the airborne uranium particulate monitoring program
(discussed in Section 5.7.3.1) and the internal exposure determination (discussed
in Section 5.7.4.1). The bioassay program will consist of the following elements:

1. Prior to assignment to the facility, all new employees will be required to
submit a baseline urinalysis sample. Upon termination, an exit bioassay
will be required from all employees.

2. During operations, urine samples will be collected from workers on a
quarterly basis. Employees who have the potential for exposure to dried
yellowcake will submit bioassay samples on, a monthly basis or more
frequently as determined by the RSO.

3. Special urine samples may be obtained based on circumstances as
determined by the RSO. These circumstances may include known or
suspected ingestion, failure of engineering controls, or damage or failure
of respiratory protection equipment.

4. Samples will be analyzed for uranium content by a contract analytical
laboratory. Blank and spiked samples will also be submitted to the
laboratory with employee samples as part of the Quality Assurance
program. The minimum measurement sensitivity for the analytical
laboratory will be 5 jtg/l.

5. Action levels for urinalysis collected on a monthly frequency will be
established based upon Table 1 in USNRC Regulatory Guide 8.22. Action
levels for urinalysis collected on a quarterly frequency will be based on
Table 2 in USNRC Regulatory Guide 8.22. Action levels for special, non-
routine urinalysis will be based on the assumed time between the initiating
event and sample collection using Table 2 in USNRC Regulatory Guide
8.22.

• 

• 
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6--Routine determination of internal exposure will be performed using the
results of air monitoring to estimate uranium intake as discussed in
Section 5.7.4.1. In the event that positive bioassay results confirm an
intake, the RSO will conduct an investigation into the circumstances and
make a determination whether internal exposure for an individual should
be determined based on bioassay results. 10 CFR 20.1204(c) allows
calculation of the committed effective dose equivalent (CEDE) based on
specific information on the physical and biochemical properties of the
radionuclide(s) of interest. Accordingly, bioassay results, accrued through
approved methods, can be used for purposes of dosimetry. Bioassay
results may be used in circumstances in which confirmed intakes are
estimated to result in an annual CEDE > 500 mrem (i.e., 10 percent of the
occupational exposure limit) and/or when such confirmed results suggest
exposures greater than that estimated from air sampling results and time
studies. The basic dosimetry model and guidance in NUREG-0874 will be
used for this purpose as modified by more recent elimination/retention
functions (e.g., ICRP 54) and guidance in Regulatory Guide 8.9 and
Regulatory Guide 8.34.Internal exposure detcrminatcns based on
bi.assay r.esults will be per.f...ed based on the guidance in USNRC
Regulator-y Guide 8.9.

-7.6.

Elements of the quality assurance requirements for the Bioassay Program will be
based upon the guidelines contained in USNRC Regulatory Guide 8.22. These
elements include the following:

1. Each batch of samples submitted to the analytical laboratory will be
accompanied by two blind control samples. The control samples will be from
persons that have not been occupationally exposed and are spiked to a uranium
concentration of 10 to 20 gg/l and 40 to 60 gg/l. Alternatively, synthetic control
samples may be used. The results of analysis for these samples are required to be
within ± 30% of the spiked value

2. The analytical laboratory spikes 10 to 30% of all samples received with
known concentrations of uranium and the recovery fraction is determined. Results
will be reported to EMC.

• 

• 
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known concentrations of uranium and the recovery fraction is determined. Results 
will be reported to EMC. 



Radiological Open Issue No. 12
Basis for use of Class D for DAC

July 27 2009 Teleconference

Open Issue discussion:

In Section 5.7.4 of the technical report, the applicant states that exposures to airborne
uranium will be compared to the Derived Air Concentration for the "D" class for natural
uranium from Appendix B of 10 CFR 20. This is 5.0 E'° - Ci/ml. The applicant has not
provided a technical basis for selecting the Class "D" for airborne uranium. The staff
cannot verify if the proper classification and DAC is being used to show compliance with
10 CFR 20 Subpart C. NRC staff commented on EMC's assumption that NRC does not
accept the Cogema paper (Health Physics, March 1997, 418-422). NRC staff made it
clear that it accepts for review all information submitted by an applicant or licensee and
perform its own independent analysis of those submittals. I

EMC asked how it could proceed with its application without knowing the inhalation
class of the yellowcake. NRC staff responded that applicants need to take all forms of
uranium in the plant into consideration and that one possible approach would be to
assume a conservative value until a site-specific value for its operations could be
determined. Staff further responded that assuming an inhalation class W would be
adequately conservative for radiation dose calculations. However, assuming an inhalation
class W would not be considered conservative for the purpose of protecting the kidney in
accordance with 10 CFR 20.1201 (e).

Answer:

Uranium will be present at the facility exclusively in relatively soluble forms i.e., uranyl
carbonates, (various forms) uranyl trioxide (U0 3), uranyl peroxide (U0 4) and their
hydrates. The lixiviant uses oxygen and carbonate to dissolve and mobilize the uranium
minerals in situ. Accordingly, the uranium goes into solution as a carbonate. If the uranyl
carbonates formed were not very soluble, the in situ mining process could not work.

However, when acid is added to the precipitation cell the carbonate complexes are
destroyed and disassociate to form uranyl ions. When hydrogen peroxide is added to the
precipitation vessel, the uranium is oxidized further to form uranyl peroxide
(U0 4*nH20). When dried by the vacuum drier at relatively low temperature, a
combination of U0 4 and U0 3 and their hydrates will result.

Although specific studies and references on solubility (e.g., in vitro solubility studies in
simulated lung fluids, historical animal studies, etc.) for U0 4 are sparse (a few specific
references are provided below), numerous references appear in the literature over 30 +
years regarding general solubility characteristics of industrial uranium compounds
(representative list also provided below). The U0 4 and U0 3 products should be ICRP 19
class D or W (most or moderately soluble), which is equivalent to ICRP 66 class F or M
(fast or medium dissolution). See ICRP 19, Task Group on Lung Dynamics Metabolism

e 
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of the Compounds of Plutonium and Other Actinides (1974) and ICRP 66 Human
Respiratory Tract Modelfor Radiological Protection (1994). It is also of note that ICRP
54, Individual Monitoring for Intakes of Radionuclides by Workers, which assigns Class
W to U0 3 indicates "...there is evidence from animal studies that industrial uranium
trioxide may behave more like a class D material ". The issue of assumed solubility class
is critical in establishing the appropriate DAC for defining air-monitoring parameters for
worker airborne exposure control and dose assessment.

The following provides support for a Class D or W designation for U0 4:

" RG 8.30 calls out U0 4 specifically: "Yellowcake dried at low temperature, which
is predominantly composed of ammonium diuranate, or in the new processes
uranyl peroxide, both are more soluble in body fluids than yellowcake dried at
higher temperature; and a relatively large fraction is rapidly transferred to kidney
tissues" (Refs. 9 to 11). Note that these references are included in the general list
below.

" Reference: Proposed Standards for Acute Exposure to Low Enriched Uranium for
Compliance with 10 CFR 70.61, Kathren R.L and Burklin R.K., Operational
Radiation Safety, V. 95.2. August 2008 Page S123 - "...the more soluble
compounds of uranium such as.... and U04 are more quickly absorbed into the
blood and therefore exhibit toxic effects in moderate doses (ASTDR 1999,
Stannard 1988). Note that these references are also included the general list
below.

* Reference: Solubility Characteristics of Airborne Uranium From an In Situ
Uranium Processing Plant. Metzger R, Wichers D. et al. Health Physics 72.3,
March 1997 p 418. Results indicated airborne U in wet process area = 97% with
dissolution T1 /2 = 0.3 days; airborne U in drum load out area = 97% with
dissolution T1/2 = 0.25 days. NRC staff makes reference to this study in context of
a "split DAC". However, the results of this study indicated airborne U in both the
wet process and drum load out areas of 97 % dissolution with half times <0.5 day.
These results are clearly indicative of a TGLD Class D or ICRP 66 Class F
compound. Several of the published studies referenced below do in fact present
results suggesting "di" (2) or "tri" (3) phased dissolution patterns indicative of
mixtures of uranium compounds of differing solubility classes (U308 plus U0 3,
e.g.). However, based on reported results, the study referenced here is clearly a
single-phase dissolution pattern, i.e. single solubility class, single DAC and it is
Class D.

Examples of some additional studies and references published over the last 30 + years
that specifically address solubility and solubility class of uranium mill and related
uranium fuel cycle uranium compounds are provided below:

1. Preliminary Study of Uranium Oxide Dissolution in Simulated Lung Fluid. R.C.
Scipsick, et al, Los Alamos National Laboratory report LA - 10268-m, UC-41,
Jan, 1985

• 

• 

• 
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below. 

• Reference: Proposed Standards for Acute Exposure to Low Enriched Uranium for 
Compliance with 10 CFR 70.61, Kathren R.L and Burklin R.K., Operational 
Radiation Safety, V. 95.2. August 2008 Page S123 - " ... the more soluble 
compounds of uranium such as .... and U04 are more quickly absorbed into the 
blood and therefore exhibit toxic effects in moderate doses (ASTDR 1999, 
Stannard 1988). Note that these references are also included the general list 
below. 

• Reference: Solubility Characteristics of Airborne Uranium From an In Situ 
Uranium Processing Plant. Metzger R, Wichers D. et al. Health Physics 72.3, 
March 1997 p 418. Results indicated airborne U in wet process area = 97% with 
dissolution T 112 = 0.3 days; airborne U in drum load out area = 97% with 
dissolution T 112 = 0.25 days. NRC staff makes reference to this study in context of 
a "split DAC". However, the results of this study indicated airborne U in both the 
wet process and drum load out areas of 97 % dissolution with half times <0.5 day. 
These results are clearly indicative of a TGLD Class D or ICRP 66 Class F 
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2. The Solubility of Some Uranium Compounds in Simulated Lung Fluid, N. Cook
and B Holt, Health Physics 27, 69-77,1974

3. In Vitro Solubility of Yellow Cake Samples from Four Uranium Mills and
Implications for Bioassay Interpretation", A, Eidson and J. Mewhinney, Health
Physics 39, 893-902, 1980

4. Toxicological profile for uranium (Update). Prepared by Research Triangle
Institute for U.S. Department of Health and Human Services, Public Health
Service, Agency for Toxic Substances and Disease Registry. September 1999.

5. Biokinetics model for uranium inhalation/excretion of uranium mill workers.
Alexander R.E In: Moore RH, Ed. Biokinetics and analysis of uranium in man.
UnitedStates Uranium Registry Report USUR-05, HEHF-47, 1984.

6. Dissolution Fractions and Half Times of Single Source Yellowcake in Simulated
Lung Fluids. M. Blauer, J Kent and N Dennis, Health Physics 42, 469-477, 1982

7. Characterization of Yellowcake and Implications for Uranium Mill Bioassay. S
Brown and M. Blauer, proceedings of Conference on Analytical Chemistry and
Bioassay, Ottawa, October, 1980

8. Physical and Chemical Parameters Affecting the Dissolution Characteristics of
Yellowcake in Simulated Lung Fluids. M. Blauer and S. Brown, Abstracts of the
2 5th Annual Meeting of Health Physics Society, Seattle, Paper # 177, Pergamon
Press 1980

9. Biokinetics and Analysis of Uranium in Man. Proceedings of Colloquium held at
Richland, Washington, August, 1984, United States Uranium Registry, R Moore
ed., USUR - 05 HEHF-47

Conclusion

Although evidence suggests that both the wet process U0 4 and dried U0 3 products of
modem ISRs in general and Moore Ranch specifically will be ICRP 19 Class D or ICRP
66 Class F compounds, we will assume them to be Class W / Class M for purposes of
establishing the initial DAC upon plant startup. Studies on Moore Ranch products
involving dissolution studies in simulated lung fluids may be performed in accordance
with the established protocols (well documented in the literature - examples above) to
establish if Class D / Class F may be more appropriate. This is appropriate to define not
only the relevant DAC, but also the appropriate sampling frequencies and action levels
for the plant uranium bioassay program as discussed in Responses to the July
Radiological Open Issues 11, 13 and 15.

Radiological Open Issue No. 14
No discussion of limiting soluble uranium intake to 10 mg per week

July 27 2009 Teleconference

Open Issue discussion:

The staff notes that 10 CFR 20.1201(e) requires a limit of 10 mg/week of uranium in
consideration of the chemical toxicity. The applicant does not address this limit.

• 

• 
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modem ISRs in general and Moore Ranch specifically will be ICRP 19 Class D or ICRP 
66 Class F compounds, we will assume them to be Class W / Class M for purposes of 
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Answer: Intake of soluble uranium will be limited to 10 mg per week per 10 CFR
20.1201(e). Accordingly, at an assumed specific activity of 0.67 ptCi/gram for Unat (10
CFR 20, Appendix B, footnote 3), the weekly soluble intake limit is 6.7 E-3 iiCi.
Initially, solubility Class W will be used to establish the appropriate ALI of 0.8 ptCi and
DAC of 3 E-10 pCi/ml for U natural (10 CFR 20, App B, Table 1). Assuming a 40 hour
work week and average breathing rate of 20 liters/min, the average concentration at the
soluble weekly intake limit is approximately equal to 50% of the DAC. Compliance to
this requirement will be documented by recording of worker airborne exposure in DAC -
hrs, whenever long lived particulate concentrations in air are determined to be > 10 %
DAC and an action level of 25% DAC will be established requiring RSO investigation
and potential corrective actions. Assignments of positive airborne exposures will be
reviewed weekly. Accordingly, any exposures to soluble uranium > 5 % of the 10
mg/week limit will in fact be recorded (as DAC -hrs) and controlling exposure to 25% of
DAC ensures both that the 10 mg / week limit is not exceeded and ALARA.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to these Open
Issues. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

Technical Report Section 5.7.3.1:

5.7.3.1 Airborne Uranium Particulate Monitoring

Airborne particulate levels at solution mines that employ vacuum dryers are very
low since there are no emissions. The primary potential source of airborne
uranium is during yellowcake packaging. This operation will be confined to the
dryer room. The room will be closed and posted as an airborne radioactivity area
during packaging. The proposed airborne uranium sampling locations for the
Moore Ranch Central Plant are shown on Figure 5.7-1. Samples will be obtained
using area samplers on a monthly frequency. At air concentrations >10% DAC,
sampling will be performed weekly.

Area samples will be taken in accordance with standard operating procedures.
These procedures will implement the guidance contained in USNRC Regulatory
Guide 8.25. Samples will be taken with a glass fiber filter and a regulated air
sampler such as an Eberline RAS-1 or equivalent. Sample volume will be
adequate to achieve the lower limits of detection (LLD) for uranium in air.
Samplers will be calibrated at the manufacturer's suggested interval or
semiannually with a digital mass flowmeter or other primary calibration standard.

Breathing zone sampling will be performed to determine individual exposure to
airborne uranium during certain operations. Sampling will be performed with a

• 

• 

• 

Answer: Intake of soluble uranium will be limited to 10 mg per week per 10 CFR 
20.1201(e). Accordingly, at an assumed specific activity of 0.67 ~Ci/gram for Unat (10 
CFR 20, Appendix B, footnote 3), the weekly soluble intake limit is 6.7 E-3 ~Ci. 
Initially, solubility Class W will be used to establish the appropriate ALI of 0.8 ~Ci and 
DAC of 3 E-10 ~Cilml for U natural (10 CFR 20, App B, Table 1). Assuming a 40 hour 
work week and average breathing rate of 20 liters/min, the average concentration at the 
soluble weekly intake limit is approximately equal to 50% of the DAC. Compliance to 
this requirement will be documented by recording of worker airborne exposure in DAC -
hrs, whenever long lived particulate concentrations in air are determined to be 2: 10 % 
DAC and an action level of 25% DAC will be established requiring RSO investigation 
and potential corrective actions. Assignments of positive airborne exposures will be 
reviewed weekly. Accordingly, any exposures to soluble uranium> 5 % of the 10 
mg/week limit will in fact be recorded (as DAC -hrs) and controlling exposure to 25% of 
DAC ensures both that the 10 mg / week limit is not exceeded and ALARA. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to these Open 
Issues. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 

Technical Report Section 5.7.3.1: 

5.7.3.1 Airborne Uranium Particulate Monitoring 

Airborne particulate levels at solution mines that employ vacuum dryers are very 
low since there are no emissions. The primary potential source of airborne 
uranium is during yellowcake packaging. This operation will be confined to the 
dryer room. The room will be closed and posted as an airborne radioactivity area 
during packaging. The proposed airborne uranium sampling locations for the 
Moore Ranch Central Plant are shown on Figure 5.7-1. Samples will be obtained 
using area samplers on a monthly frequency. At air concentrations> 10% DAC, 
sampling will be performed weekly. 

Area samples will be taken in accordance with standard operating procedures. 
These procedures will implement the guidance contained in USNRC Regulatory 
Guide 8.25. Samples will be taken with a glass fiber filter and a regulated air 
sampler such as an Eberline RAS-1 or equivalent. Sample volume will be 
adequate to achieve the lower limits of detection (LLD) for uranium in air. 
Samplers will be calibrated at the manufacturer's suggested interval or 
semiannually with a digital mass flowmeter or other primary calibration standard. 

Breathing zone sampling will be performed to determine individual exposure to 
airborne uranium during certain operations. Sampling will be performed with a 



lapel sampler or equivalent. The air filters will be counted and compared to the
Derived Air Concentration (DAC) using the same method used for area sampling.
Air samplers will be calibrated at the manufacturer's recommended frequency or
at least every six months using a primary calibration standard. Air sampler
calibration will be performed in accordance with standard operating procedures.

Measurement of airborne uranium will be performed by gross alpha counting of
the air filters using an alpha scaler such as a Ludlum Model 2000 or equivalent.
The DAC for moderately soluble (DŽW classification) natural uranium of -53xl0-
10 jtCi/ml from Appendix B to 10 CFR §§20.1001 - 20.2401 will initially be used
at the Moore Ranch project until in vitro solubility studies can be performed on
the uranium compounds present. This is a conservative method bceause thc grs-s
alpha results hinlude Ur-aniutm 238 anid sever-al ef its daughter~s (notably Ra 226
and Th 23 0), whih .. .also alpha cmitfcrsapproach because the available
literature indicates that the wet process U04 and dried U03 products of modern
ISRs in general will be ICRP 19 Class D (or ICRP 66 Class F) compounds. EMC
will assume them to be Class W (or ICRP 66 Class M) for purposes of
establishing the initial DAC upon plant startup. Should in vitro solubility studies
indicate that Class D or a "mixed" DAC (i.e., a combination of the Class D and
Class W DACs) is appropriate for the Moore Ranch material, the DAC will be
adjusted accordingly using a standard sum of fractions rule. An action level of
25% of the DAC for seluble-natural uranium will be established at the Moore
Ranch Plant. If an airborne uranium sample exceeds the DA~action level, the
RSO will investigate the cause and evaluate the need for corrective action.

The results of airborne uranium particulate monitoring will be used to determine
the committed effective dose equivalent (CEDE) or internal exposure as described
in detail in Section 5.7.4.1.

Technical Report Section 5.7.4.1:

5.7.4 EXPOSURE DETERMINATION AND RECORDS

Employee exposure to radiation will be monitored and recorded in accordance
with 10 CFR §20.15024-001 andto §20.12012401 and Regulatory Guides 8.30 and
8.34. Routine employee external exposures are determined and recorded for those
employees likely to receive more than 10% of the allowable occupational dose
limit (i.e., 0.5 rem). External exposures will be determined using personnel
dosimetry as discussed in Section 5.7.2.3. Routine employee internal exposures
will be determined and recorded for those employees likely to receive more than
10% of the Annual Limit of Intake (ALI) for internal exposure from radon
daughters or uranium.
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lapel sampler or equivalent. The air filters will be counted and compared to the 
Derived Air Concentration (DAC) using the same method used for area sampling. 
Air samplers will be calibrated at the manufacturer's recommended frequency or 
at least every six months using a primary calibration standard. Air sampler 
calibration will be performed in accordance with standard operating procedures. 

Measurement of airborne uranium will be performed by gross alpha counting of 
the air filters using an alpha scaler such as a Ludlum Model 2000 or equivalent. 
The DAC for moderately soluble (9W classification) natural uranium of ;§..3.x1O-
10 !lCi/ml from Appendix B to 10 CFR §§20.1001 - 20.2401 will initially be used 
at the Moore Ranch project until in vitro solubility studies can be performed on 
the uranium compounds present. This is a conservative method because the gross 
alpha results include Uranium 23 g and several of its daughters (notably Ra 226 
and Th 230), which are also alpha emittersapproach because the available 
literature indicates that the wet process U04 and dried U03 products of modern 
ISRs in general will be ICRP 19 Class D (or ICRP 66 Class F) compounds. EMC 
will assume them to be Class W (or ICRP 66 Class M) for purposes of 
establishing the initial DAC upon plant startup. Should in vitro solubility studies 
indicate that Class D or a "mixed" DAC (i.e., a combination of the Class D and 
Class W DACs) is appropriate for the Moore Ranch material, the DAC will be 
adjusted accordingly using a standard sum of fractions rule. An action level of 
25% of the DAC for soluble natural uranium will be established at the Moore 
Ranch Plant. If an airborne uranium sample exceeds the 9AGaction level, the 
RSO will investigate the cause and evaluate the need for corrective action. 

The results of airborne uranium particulate monitoring will be used to determine 
the committed effective dose equivalent (CEDE) or internal exposure as described 
in detail in Section 5.7.4.1. 

Technical Report Section 5.7.4.1: 

5.7.4 EXPOSURE DETERMINATION AND RECORDS 

Employee exposure to radiation will be monitored and recorded in accordance 
with 10 CFR §20.1502-l4Q.l. andte §20.l20 124G-l- and Regulatory Guides 8.30 and 
8.34. Routine employee external exposures are determined and recorded for those 
employees' likely to receive more than 10% of the allowable occupational dose 
limit (i.e., 0.5 rem). External exposures will be determined using personnel 
dosimetry as discussed in Section 5.7.2.3. Routine employee internal exposures 
will be determined and recorded for those employees likely to receive more than 
10% of the Annual Limit of Intake (ALI) for internal exposure from radon 
daughters or uranium. 



Following is a discussion of the exposure determination methods and
documentation of results.

5.7.4.1 Natural Uranium Internal Exposure

Exposure calculations for airborne natural uranium will be performed using the
intake method from USNRC Regulatory Guide 8.30, Section 2. The intake is
calculated using the following equation:

n

Iu =

i=1 PF

where:
Iu = uranium intake, jtg or ýtCi

ti = time that the worker is exposed to concentrations Xi (hr)

Xi average concentration of uranium in breathing zone, jig/m3,
RuCi/m 3

b - breathing rate, 1.2 m3/hr

PF = the respirator protection factor, if applicable

n = the number of exposure periods during the week or quarter

The intake for uranium will be calculated and recorded. The intakes will be
totaled and entered onto each employee's Occupational Exposure Record.

intake of soluble uranium will be limited to 10 mg per week per 10 CFR
20.1201(e). Accordingly, at an assumed specific activity of 0.67 jjCi/gram for
natural uranium (10 CFR 20, Appendix B, footnote 3), the weekly soluble intake
limit is 6.7 E-3 IACi. Initially, solubility Class W will be used to establish the
appropriate ALI of 0.8 jiCi and DAC of 3 E-10 jCi/ml for U natural (10 CFR 20,
App B, Table 1). Assuming a 40 hour work week and average breathing rate of 20
liters/min, the average concentration at the soluble weekly intake limit is
approximately equal to 50% of the DAC. Compliance to this requirement will be
documented by recording of worker airborne exposure in DAC-hrs, whenever
long lived particulate concentrations in air are determined to be > 10 % DAC and
an action level of 25% DAC will be established requiring RSO investigation and
potential corrective actions. Assignments of positive airborne exposures will be

• 
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Following is a discussion of the exposure determination methods and 
documentation of results. 

5.7.4.1 Natural Uranium Internal Exposure 

Exposure calculations for airborne natural uranium will be performed using the 
intake method from USNRC Regulatory Guide 8.30, Section 2. The intake is 
calculated using the following equation: 

Iu 
n Xixt ==bL-

i=1 PF 

where: 
Iu uranium intake, Ilg or IlCi 

ti time that the worker is exposed to concentrations Xi (hr) 

Xi = average concentration of uranium in breathing zone, Ilg/m3, 
IlCi/m3 

b breathing rate, 1.2 m3/hr 

PF = the respirator protection factor, if applicable 

n = the number of exposure periods during the week or quarter 

The intake for uranium will be calculated and recorded. The intakes will be 
totaled and entered onto each employee's Occupational Exposure Record. 

Intake of soluble uranium will be limited to 10 mg per week per 10 CFR 
20.1201(e). Accordingly, at an assumed specific activity of 0.67 uCi/gram for 
natural uranium (10 CFR 20, Appendix B, footnote 3), the weekly soluble intake 
limit is 6.7 E-3 UCi. Initially, solubility Class W will be used to establish the 
appropriate ALI of 0.8 UCi and DAC of3 E-I0 UCi/ml for U natural (10 CFR 20, 
App B, Table 1). Assuming a40 hour work week and average breathing rate 0[20 
liters/min, the average concentration at the soluble weekly intake limit is 
approximately equal to 50% of the DAC. Compliance to this requirement will be 
documented by recording of worker airborne exposure in DAC-hrs, whenever 
long lived particulate concentrations in air are determined to be > 10 % DAC and 
an action level of 25% DAC will be established requiring RSO investigation and 
potential corrective actions. Assignments of positive airborne exposures will be 



reviewed weekly. Accordingly, any exposures to soluble uranium > 5 % of the 10
mg/week limit will in fact be recorded (as DAC -hrs) and controlling exposure to
25% of DAC ensures both that the 10 mg / week limit is not exceeded and
ALARA.

The data required to calculate internal exposure to airborne natural uranium will
also include the following: be determined as follows:

Time of Exposure Determination

The results of periodic time studies for each classification of worker or 100%
occupancy time will be used to determine routine worker exposures. In general,
100% occupancy time will be used to determine exposures. Using this method,
each classification of worker is assumed to have spent their entire work shift in
the survey area(s). Note that the length of work shifts may vary by worker
classification. Plant operators will generally be working on a shift schedule to
provide full time coverage and this may result in some variation from the standard
40-hour week schedule. Maintenance, wellfield, and part-time workers may not
spend a full shift in the restricted area(s). The occupancy time determinations will
be based on the actual scheduled time in the restricted area for each occupational
group.

This approach generally results in a conservative (i.e., higher than actual) estimate
of internal exposure to airborne natural uranium because it does not account for
time the employee may have spent outside the work area, such as during breaks
and meals. Alternatively, the RSO may perform a time study to determine the
average time of exposure for each classification of worker. Under this approach,
the RSO will have a representative population of each classification of worker
track their time spent in different areas of the facility. The time study will be
performed for an extended period (usually one month) and will provide the RSO
with a percentage of time spent in each area for each classification of worker. If
time studies are employed to determine time of exposure, they will be updated
annually to account for any changes. Exposures during non-routine work (i.e.,
work requiring an RWP) will be based upon actual time.

Airborne Uranium Activity Determination

Airborne uranium activity will be determined from surveys performed as
described in Section 5.7.3.1.

Exposures to airborne uranium will initially be compared to the DAC for the
"DW" solubility class for natural uranium from Appendix B of 10 CFR
§§20.1001 - 20.2401 (i.e., 53xl0"01 pCi/ml). As noted in Section 5.7.3.1, EMC
may perform in vitro solubility studies on the uranium compounds present at
Moore Ranch after facility startup to determine the solubility class of the material
present.
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reviewed weekly. Accordingly, any exposures to soluble uranium> 5 % of the 10 
mg/week limit will in fact be recorded (as DAC -rus) and controlling exposure to 
25% of DAC ensures both that the 10 mg / week limit is not exceeded and 
ALARA. 

The data required to calculate internal exposure to airborne natural uranium will 
also include the following: be detennined as follO\vs: 

Time of Exposure Determination 

The results of periodic time studies for each classification of worker or 100% 
occupancy time will be used to determine routine worker exposures. In general, 
100% occupancy time will be used to determine exposures. Using this method, 
each classification of worker is assumed to have spent their entire work shift in 
the survey area(s). Note that the length of work shifts may vary by worker 
classification. Plant operators will generally be working on a shift schedule to 
provide full time coverage and this may result in some variation from the standard 
40-hour week schedule. Maintenance, wellfield, and part-time workers may not 
spend a full shift in the restricted area(s). The occupancy time determinations will 
be based on the actual scheduled time in the restricted area for each occupational 
group. 

This approach generally results in a conservative (i.e., higher than actual) estimate 
of internal exposure to airborne natural uranium because it does not account for 
time the employee may have spent outside the work area, such as during breaks 
and meals. Alternatively, the RSO may perform a time study to determine the 
average time of exposure for each classification of worker. Under this approach, 
the RSO will have a representative population of each classification of worker 
track their time spent in different areas of the facility. The time study will be 
performed for an extended period (usually one month) and will provide the RSO 
with a percentage of time spent in each area for each classification of worker. If 
time studies are employed to determine time of exposure, they will be updated 
annually to account for any changes. Exposures during non-routine work (i.e., 
work requiring an R WP) will be based upon actual time. 

Airborne UraniUm Activity Determination 

Airborne uranium activity will be determined from surveys performed as 
described in Section 5.7.3.1. 

Exposures to airborne uranium will initially be compared to the DAC for the 
":gW" solubility class for natural uranium from Appendix B of 10 CFR 
§§20.1001 - 20.2401 (i.e., ~lxlO-lo ~Ci/ml). As noted in Section 5.7.3.1, EMC 
may perform in vitro solubility studies on the uranium compounds present at 
Moore Ranch after facility startup to determine the solubility class of the material 
present. 



Radiological Open Issue No. 13
Urinalysis as the sole bioassay technique

July 27 2009 Teleconference

Open Issue discussion:

The applicant states that it will use urinalysis as the method of bioassay due to the high solubility
of the chemical form of yellowcake. The applicant has not provided justification for using the
Class "D" inhalation for uranium in air. Regulatory Guide 8.22 recommends that for exposures
to Class "W" or Class "Y" material, in vivo lung counting or alternate sampling times and action
levels should be considered.

Answer:

As indicated in the response to Radiological Open Issue No. 12 and above, it will be initially
assumed that the Moore Ranch UO3/UO 4 uranium product is TGLD Class W although much or
most of it will likely be Class D based upon the proposed drying temperatures. Nonetheless, as
discussed above, NUREG-0874 and therefore Regulatory Guide 8.22 considers such material to
be "low fired yellowcake". Additionally, it must be recognized that there are only a few in vivo
lung counting facilities in the United States with the appropriate equipment, software and
experience to measure pulmonary deposition of natural uranium at the required detection limits
(e.g. 9 nCi total pulmonary) and these few facilities have been historically used for this purpose
in response to suspected "significant" intakes as based on confirmed urinalysis results. (Note that
at facilities with insoluble uranium products, e.g., high fired oxides at fuel fabrication and/or
nuclear weapon plants) fecal sampling is also used as "trigger" for in vivo analysis). However, it
is important to note that the metabolic model used in ICRP 54, Individual Monitoring for Intakes
of Radionuclides by Workers, assumes 100% of systemic uranium is eliminated via the urine.
For the past 30 years, routine urinalysis has been and continues to be the practical and
appropriate method of routine bioassay at uranium recovery facilities. We note that footnote b of
Table 1 of Regulatory Guide 8.22 defers to NUREG-0874 Section 6 for considerations of in vivo
lung counting to detect intakes of more insoluble, high fired materials. The NUREG
recommends that in vivo capabilities should be available "to guard against the unlikely, but
possible, contingency that large intakes of Class W or Y transportability might go undetected".
In vivo capabilities as follow-up to confirmed urinalysis results in excess of action levels as
specified in Regulatory Guide 8.22 Table 1 will be accessed as necessary. However, as discussed
above and in the response to Radiological Open Issue No. 12, the Moore Ranch uranium
products will almost certainly exhibit transportability characteristics typical of soluble, low-fired
yellowcake and the contingency alluded to in NUREG 0874 will likely not be applicable to the
Moore Ranch uranium products.

Proposed Revisions to License Application

See response July Open Issue 11
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Open Issue discussion: 

Radiological Open Issue No. 13 
Urinalysis as the sole bioassay technique 

July 27 2009 Teleconference 

The applicant states that it will use urinalysis as the method of bioassay due to the high solubility 
of the chemical form of yellowcake. The applicant has not provided justification for using the 
Class "D" inhalation for uranium in air. Regulatory Guide 8.22 recommends that for exposures 
to Class "W" or Class "Y" material, in vivo lung counting or alternate sampling times and action 
levels should be considered. 

Answer: 

As indicated in the response to Radiological Open Issue No. 12 and above, it will be initially 
assumed that the Moore Ranch U03IU04 uranium product is TOLD Class Walthough much or 
most of it will likely be Class D based upon the proposed drying temperatures. Nonetheless, as 
discussed above, NUREG-0874 and therefore Regulatory Guide 8.22 considers such material to 
be "low fired yellowcake". Additionally, it must be recognized that there are only a few in vivo 
lung counting facilities in the United States with the appropriate equipment, software and 
experience to measure pulmonary deposition of natural uranium at the required detection limits 
(e.g. 9 nCi total pulmonary) and these few facilities have been historically used for this purpose 
in response to suspected "significant" intakes as based on confirmed urinalysis results. (Note that 
at facilities with insoluble uranium products, e.g., high fired oxides at fuel fabrication and/or 
nuclear weapon plants) fecal sampling is also used as "trigger" for in vivo analysis). However, it 
is important to note that the metabolic model used in ICRP 54, Individual Monitoringfor Intakes 
of Radionuclides by Workers, assumes 100% of systemic uranium is eliminated via the urine. 
For the past 30 years, routine urinalysis has been and continues to be the practical and 
appropriate method of routine bioassay at uranium recovery facilities. We note that footnote b of 
Table 1 of Regulatory Guide 8.22 defers to NUREG-0874 Section 6 for considerations of in vivo 
lung counting to detect intakes of more insoluble, high fired materials. The NUREO 
recommends that in vivo capabilities should be available "to guard against the unlikely, but 
possible, contingency that large intakes of Class W or Y transportability might go undetected". 
In vivo capabilities as follow-up to confirmed urinalysis results in excess of action levels as 
specified in Regulatory Guide 8.22 Table 1 will be accessed as necessary. However, as discussed 
above and in the response to Radiological Open Issue No. 12, the Moore Ranch uranium 
products will almost certainly exhibit transportability characteristics typical of soluble, low-fired 
yellowcake and the contingency alluded to in NUREG 0874 will likely not be applicable to the 
Moore Ranch uranium products. 

Proposed Revisions to License Application 

See response July Open Issue 11 



Radiological Open Issue No. 14
No discussion of limiting soluble uranium intake to 10 mg per week

July 27 2009 Teleconference

Open Issue discussion:

The staff notes that 10 CFR 20.1201(e) requires a limit of 10 mg/week of uranium in
consideration of the chemical toxicity. The applicant does not address this limit.

Answer: Intake of soluble uranium will be limited to 10 mg per week per 10 CFR 20.1201(e).
Accordingly, at an assumed specific activity of 0.67 tCi/gram for Unat (10 CFR 20, Appendix
B, footnote 3), the weekly soluble intake limit is 6.7 E-3 [tCi. Initially, solubility Class W will be
used to establish the appropriate ALI of 0.8 jiCi and DAC of 3 E- 10 jCi/ml for U natural (10
CFR 20, App B, Table 1). Assuming a 40 hour work week and average breathing rate of 20
liters/min, the average concentration at the soluble weekly intake limit is approximately equal to
50% of the DAC. Compliance to this requirement will be documented by recording of worker
airborne exposure in DAC - hrs, whenever long lived particulate concentrations in air are
determined to be > 10 % DAC and an action level of 25% DAC will be established requiring
RSO investigation and potential corrective actions. Assignments of positive airborne exposures
will be reviewed weekly. Accordingly, any exposures to soluble uranium > 5 % of the 10
mg/week limit will in fact be recorded (as DAC -hrs) and controlling exposure to 25% of DAC
ensures both that the 10 mg / week limit is not exceeded and ALARA.

Proposed Revisions to License Application

See response to July Open Issue 12
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Radiological Open Issue No. 14 
No discussion of limiting soluble uranium intake to 10 mg per week 

July 27 2009 Teleconference 

Open Issue discussion: 

The staff notes that 10 CFR 20.1201(e) requires a limit of 10 mg/week of uranium In 

consideration of the chemical toxicity. The applicant does not address this limit. 

Answer: Intake of soluble uranium will be limited to 10 mg per w~ek per 10 CFR 20.l201(e). 
Accordingly, at an assumed specific activity of 0.67 JlCi/gram for Unat (10 CFR 20, Appendix 
B; footnote 3), the weekly soluble intake limit is 6.7 E-3 /lCi. Initially, solubility Class W will be 
used to establish the appropriate ALI of 0.8 JlCi and DAC of 3 E-10 JlCilml for U natural (10 
CFR 20, App B, Table 1). Assuming a 40 hour work week and average breathing rate of 20 
liters/min, the average concentration at the soluble weekly intake limit is approximately equal to 
50% of the DAC. Compliance to this requirement will be documented by recording of worker 
airborne exposure in DAC - hrs, whenever long lived particulate concentrations in air are 
determined to be 2: 10 % DAC and an action level of 25% DAC will be established requiring 
RSO investigation and potential corrective actions. Assignments of positive airborne exposures 
will be reviewed weekly. Accordingly, any exposures to soluble uranium> 5 % of the 10 
mg/week limit will in fact be recorded (as DAC -hrs) and controlling exposure to 25% ofDAC 
ensures both that the 10 mg I week limit is not exceeded and ALARA. 

Proposed Revisions to License Application 

See response to July Open Issue 12 



Radiological Open Issue No. 15
Acceptable method for evaluating positive bioassays

July 27 2009 Teleconference

Open Issue discussion.

The applicant does not discuss a method for assigning a dose for positive bioassay results. The
applicant needs to provide a technical basis for how the uptake will be converted to a dose and
assigned to the individual in accordance with 10 CFR 20 Subpart C. The staff indicated that
Regulatory Guide 8.22, "Bioassay at Uranium Mills" is still available.

Answer:

As discussed in response to Open Issue No. 13, the actions specified in Table 1 of Regulatory
Guide 8.22 will be taken and documented in response to the stated action levels (or as may be
derived from Regulatory Guide 8.22 Figure 2 and/or NUREG 0874).

Internal exposure assessment and resultant dose assignment is usually based on air sampling
results ("DAC hrs" and/or intake (ptCi) with the CEDE estimated from DAC- hrs of exposure
relative to 2000 DAC- hrs /yr or 1 ALI= 5 Rem CEDE (e.g., Regulatory Guide 8.30, Regulatory
Guide 8.34). However, 10 CFR 20.1204 (c) allows calculation of CEDE based on specific
information on physical and biochemical properties of the radionuclide(s) of interest.
Accordingly, bioassay results, accrued through approved methods, can be used for purposes of
dosimetry (see also 20.1204 (b)). Although air sampling results will be the usual method of
calculating and assigning dose to workers as referenced above and described in Section 5.7.4.1
of the application, bioassay results may be used in circumstances in which confirmed intakes are
estimated to result in an annual CEDE > 500 mrem (i.e., 10 percent of the occupational exposure
limit) and/or when such confirmed results suggest exposures greater than that estimated from air
sampling results and time studies. The basic dosimetry model and guidance in NUREG-0874
will be used for this purpose as modified by more recent elimination/retention functions (e.g.,
ICRP 54) and guidance in Regulatory Guide 8.9 and Regulatory, Guide 8.34. The dosimetry
model used by NUREG-0874 is the historical TGLD metabolic model (see NUREG 0874 Figure
1) which assumes 67% of uranium entering the blood is excreted via urine in the first day
without appreciable uptake to tissues; kidney uptake = 11% subsequently excreted; systemic
uptake = 22% which is subsequently released to blood from which 67% excreted / day, 11%
absorbed by kidney and 22% reabsorbed back to tissues.

Proposed Revisions to License Application

See response July Open Issue 11
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Radiological Open Issue No. 15 
Acceptable method for evaluating positive bioassays 

July 27 2009 Teleconference 

Open Issue discussion: 

The applicant does not discuss a method for assigning a dose for positive bioassay results. The 
applicant needs to provide a technical basis for how the uptake will be converted to a dose and 
assigned to the individual in accordance with 10 CFR 20 Subpart C. The staff indicated that 
Regulatory Guide 8.22, "Bioassay at Uranium Mills" is still available. 

Answer: 

As discussed in response to Open Issue No. 13, the actions specified in Table 1 of Regulatory 
Guide 8.22 will be taken and documented in response to the stated action levels (or as may be 
derived from Regulatory Guide 8.22 Figure 2 and/or NUREG 0874). 

Internal exposure assessment and resultant dose assignment is usually based on air sampling 
results ("DAC hrs" and/or intake (~Ci) with the CEDE estimated from DAC- hrs of exposure 
relative to 2000 DAC- hrs Iyr or 1 ALI = 5 Rem CEDE (e.g., Regulatory Guide 8.30, Regulatory 
Guide 8.34). However, 10 CFR 20.1204 (c) allows calculation of CEDE based on specific 
information on physical and biochemical properties of the radionuclide( s) of interest. 
Accordingly, bioassay results, accrued through approved methods, can be used for purposes of 
dosimetry (see also 20.1204 (b)). Although air sampling results will be the usual metho'd of 
calculating and assigning dose to workers as referenced above and described in Section 5.7.4.1 

\ 
of the application, bioassay results may be used in circumstances in which confirmed intakes are 
estimated to result in an annual CEDE> 500 mrem (i.e., 10 percent of the occupational exposure 
limit) and/or when such confirmed results suggest exposures greater than that estimated from air 
sampling results and time studies. The basic dosimetry model and guidance in NUREG-0874 
will be used for this purpose as modified by more recent elimination/retention functions (e.g., 
ICRP 54) and guidance in Regulatory Guide 8.9 and Regulatory'Guide 8.34. The dosimetry 
model used by NUREG-0874 is the historical TGLD metabolic model (see NUREG 0874 Figure 
1) which assumes 67% of uranium entering the blood is excreted via urine in the first day 
without appreciable uptake to tissues; kidney uptake = 11 % subsequently excreted; systemic 
uptake = 22% which is subsequently released to blood from which 67% excreted I day, 11 % 
absorbed by kidney and 22% reabsorbed back to tissues. 

Proposed Revisions to License Application 

See response July Open Issue 11 



CONTAMINATION CONTROL PROGRAM

Radiological Open Issue No. 16
Detection of surface contamination by Ra-226 and other naturally occurring

daughter products
July 27 2009 Teleconference

Open Issue discussion:

The applicant stated that it will perform surface contamination surveys of operating and
clean areas of the facility. The applicant plans to use 25% of the removable
contamination as defined in Table 2 of Regulatory Guide 8.30. This represents 250
dpm/100 cm2. The removable contamination limit for Ra-226 is 20 dprn/100 cm2. The
applicant has not provided sufficient information regarding the ability to account for and
detect Ra-226, as defined in Enclosure 2 to Policy and Guidance Directive 83-23, as well
as other possible contaminants that may be present as a result of the uranium recovery
operations.

Answer: This issue was addressed by NRC at the November 17, 2009 licensing
workshop held in Denver, Colorado. As an action item, NRC stated that they would
review the appropriate release limits under the guidance currently contained in USNRC
Regulatory Guide 8.30 and would clarify this issue with industry. Therefore, no response
is provided at this time. Until clarified by NRC, the limits and approach defined in RG
8.30 (1987 "Guidelines for release of..." Which was an update to Enclosure 2 of FC 83-
23) as currently in place and approved NRC guidance, will be used. It is understood that
NRC intends to revise Regulatory Guide 8.30.

Radiological Open Issue No. 17
Detection of Ra-226 and other naturally occurring daughter products during

personnel monitoring
July 27 2009 Teleconference

Open Issue discussion:

The applicant states that any gross alpha contamination on the skin or clothing will be
considered removable and will be subject to the limit of 1000 dpm/100 cm2. The
removable contamination limit for Ra-226 is 20 dpm/100 cm2. The applicant does not
provide sufficient information regarding its ability to account for and detect Ra-226 as
defined in Enclosure 2 to Policy and Guidance Directive 83-23, as well as other possible
contaminants that may be present as a result of the uranium recovery operations.

Answer: This issue was addressed by NRC at the November 17, 2009 licensing
workshop held in Denver, Colorado. As an action item, NRC stated that they would
review the appropriate release limits under the guidance currently contained in USNRC

• 

• 
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Regulatory Guide 8.30 and would clarify this issue with industry. Therefore, no response
is provided at this time.

Radiological Open Issue No. 18
Contamination monitoring of hand carried items

July 27 2009 Teleconference

Open Issue discussion.

The applicant states that hand carried items used in the well fields and controlled areas
will also be monitored for surface contamination. The applicant needs to define the
contamination control program in more detail and what action limits will be used to
control contamination. For example, will hand-carried items be monitored at the central
processing facility or will they be monitored in the field? If the applicant plans to check
the hand-carried items in the field, what instruments will be used?

Answer.

In accordance with 10 CFR §20.1003, controlled areas can be established by the licensee
for any purpose. At Moore Ranch, controlled areas will be established to minimize the
opportunity for public access related to physical security, to prevent inadvertent contact
with licensed material by the general public, and in the general interest of public and
worker safety. An example of controlled areas at Moore Ranch would be wellfield areas.
Quantities and/or concentrations of radioactive materials potentially in these areas would
not be expected to exceed licensed quantities and therefore these areas will not need to be
restricted for the purpose of protecting individuals against undue risks from exposure to
radiation and radioactive materials as required in 10 CFR §20.1003.

It is recognized that small hand tools and similar items may come in contact with
solutions and/or materials in restricted areas (e.g., the Central Process Plant) and may
become contaminated at low levels above background. These items may be needed for
tasks in the controlled areas. For instance, clipboards and portable radios are routinely
carried between the restricted and controlled areas. Survey of these items by personnel
prior to entering controlled areas from the restricted area is appropriate in the interest of
ALARA. As stated in section 5.7.6 of the Technical Report, personnel will be allowed to
conduct contamination monitoring of small, hand-carried items as long as all surfaces can
be reached with the instrument probe and the item does not originate in yellowcake areas.
These surveys will be performed at the contamination control point(s) located for the
restricted area boundary using the equipment specified in section 5.7.6 and will be
properly documented. As further stated in the Technical Report, surveys of materials,
equipment, instruments, etc. intended for release from the restricted and controlled areas
to unrestricted areas will only be performed by the RSO, the radiation safety staff, or
properly trained employees.

• 
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All employees will have received basic radiation safety training as radiation workers (see
Technical Report section 5.5.1.3) and those working in wellfield and similar controlled
areas will be specifically trained as radiation workers by the RSO in basic survey
procedures. Action limits for release of all equipment and materials from the restricted
area to controlled areas will be consistent, regardless of where on site the equipment may
have originated. However, for personal items, it is, standard practice to apply personnel
contamination limits to them.

Radiological Open Issue No. 20
Qualifications of individuals performing contamination surveys for release from

restricted and controlled areas
July 27 2009 Teleconference

Open Issue discussion:

The applicant states that the Radiation Safety Officer (RSO), the radiation safety staff, or
properly trained employees perform surveys of all items removed from the restricted
areas with the exception of small, hand-carried items described in open issue 19. The
staff is looking for EMC to define the term "properly trained."

Answer:

During the teleconference discussing this Open Issue, NRC staff referenced NRC
Inspection and Enforcement Circular 81-07, issued May 14, 1981, which provides
guidance in response to events reported in Information Notice No. 80-22 at nuclear power
reactor facilities regarding the release of radioactive contamination to unrestricted areas
by trash disposal and sale of scrap metal. The circular establishes acceptable
contamination limits for beta-gamma emitters at nuclear power reactor facilities and
defines qualifications for personnel conducting contamination surveys per USNRC
Regulatory Guide 1.8, Qualification and Training of Personnel at Nuclear Power Plants.
However, I & E Circular 81-07 states: "Because of the limitations of the technical
analysis supporting this guidance, this circular is applicable only to nuclear power reactor
facilities".

All personnel conducting contamination surveys for release of equipment and materials
to unrestricted areas, including resin trucks on off hours, will have been trained as
radiation workers in accordance with guidance in USNRC Regulatory Guide 8.31,
section 2.5, Radiation Safety Training and as described in the Moore Ranch Technical
Report section 5.5.1.3. Radiation worker training includes instruction on the use of
portable survey instrumentation for assessment of contamination on personnel and
equipment.

In general, the RSO or radiation safety staff will perform all surveys required for
unrestricted release of equipment and materials. However, this can prove problematic for
resin shipments due to the continuous nature of the operation. The RSO and radiation

• 
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safety staff are typically on site during regular working hours. Ion exchange (IX) resin
must be transferred from the satellite IX columns or central plant elution columns to the
transport vehicle at the time it is determined to be fully loaded (satellite plant) or elution
is complete (central plant). To prevent the need to call the RSO or a member of the
radiation safety staff out to the remote satellite or central plant location and/or store
multiple trailers loaded with IX resin on site, it has been industry practice to train selected
individuals (usually the plant operator) to perform release surveys on resin shipments
containing loaded and barren IX resin for shipment between facilities during the evenings
and weekend hours. In order to accomplish this, these individuals receive specific
training for surveys of resin shipments in accordance with NRC and Department of
Transportation (DOT) requirements. This training includes specific procedural
requirements contained in Standard Operating Procedures, instrument use and limitations,
and documentation of release surveys. Training is documented in the individual's training
records. The records of this training and release surveys have been inspected by NRC at
current licensees and found to be acceptable.

NRC has assessed the potential impact associated with the transportation of such resins
and has determined that it neither does nor pose any significant potential impacts.
NUREG - 6733, page 4 -53 states" resin will be transported in tank trucks within the ISL
(ISR) facility and from satellite plants to the main (central) processing plant. The hazards
associated with these activities were analyzed previously by NRC for both a generic
uranium mill ... and the proposed ISL (ISR) facility at Crown Point which was based on
the earlier generic analysis" (see NUREG 0706, Final GEIS on Uranium Milling, 1980
and NUREG 1508, Final EIS to Construct and Operate the Crown Point Solution Mining
Project, 1997).

Most recently, NRC issued a performance based, multi site license to R.M.D Operations
LLC for treatment of drinking water sources for removal of uranium. In its evaluation,
NRC concluded, "some treatment media (IX resins) and the residual water could spill on
the ground. However, the treatment media will retain the uranium and prevent
contamination of soils at the accident site.... Such a spill will only spread a limited
distance and will be easily recovered... Thus, the risk of potential accidents on the
environment from such accidents is negligible" (see National Mining Association,
Generic Environmental Report in Support of NRC's GEIS for In Situ Uranium Recovery
Facilities, Katie Sweeney, NMA to Larry Camper, USNRC, Nov 30 2007 @ 4-7)

Proposed Revisions to License Application

The following changes are proposed to the license application in response to these Open
Issues. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

5.7.6 CONTAMINATION CONTROL PROGRAM

• 
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EMC will perform surveys for surface contamination in operating and clean areas
of the Moore Ranch Plant in accordance with the guidelines contained in USNRC
Regulatory Guide 8.30. Surveys for total alpha contamination in clean areas will
be conducted weekly. In designated clean areas, such as lunchrooms, offices,
change rooms, and respirator cabinets, the target level of contamination is nothing
detectable above background. If the total alpha survey indicates contamination
that exceeds 250 dpm/100 cm2 (i.e., 25% of the removable limit) a smear survey
will be performed to assess the level of removable alpha activity. If smear test
results indicate removable contamination greater than 250 dpm/100 cm2, the areawill be promptly cleaned and resurveyed.

All personnel leaving the restricted area will be required to perform and document
alpha contamination monitoring. In addition, personnel who could come in
contact with potentially contaminated solutions outside a restricted area such as in
the wellfields will be required to monitor themselves prior to leaving the area. All
personnel will receive training in the performance of surveys for skin and
personal contamination. Although no detectable contamination above background
is considered the ALARA objective, aAll contamination on skin and clothing is
considered removable, so the limit of 1,000 dpm/l00 cm2 will be applied to
personnel monitoring. Personnel will also be allowed to conduct contamination
monitoring of small, hand-carried items for use in wellfield and-controlled areas
(e.g., wellfields) as long as all surfaces can be reached with the instrument probe
and the item does not originate in yellowcake areas. All other items and items
intended for unrestricted release from the Moore Ranch project will be surveyed
by the RSO, the radiation safety staff, or properly trained employees we su•veyed
as described below.

Employees that enter a restricted area will be required to sign in on an access log
and note their name and the time entered. Upon leaving the restricted area,
employees will be required to monitor themselves for radioactive contamination
or take a shower and change their clothing in accordance with Regulatory Guide
8.30. The monitoring will consist of a visual examination to detect any visible
yellowcake and an instrument survey to ensure that any suspected contamination
is below the acceptable limits. If the contamination limit is exceeded, personnel
must decontaminate their skin and/or clothing, repeat the survey, and notify the
RSO. The RSO will investigate ef-the cause of the contamination and take
corrective action, if appropriate. Employees will be trained during initial radiation
safety training to self-monitor using a rate meter with an alpha scintillation
detector. The results of the personnel surveys will be recorded on the access log at
the survey station. The RSO will routinely observe employees leaving the
restricted area to ensure that proper personnel contamination survey methods are
employed. Restricted areas include the central plant and drum storage areas as
shown on Figure 2.1-3. All wellfield areas will be controlled areas as defined in
10 CFR §20.1003. Wellfield areas are shown on Figures 2.1-2 and 3.1-2
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Decontamination of surfaces will be guided by the ALARA principle to reduce
surface contamination to levels as far below the limits as practical. Particular
attention will be given to equipment and structures in which radiological materials
could accumulate in inaccessible locations including piping, traps, junctions, and
access points. Contamination of these materials will be determined by surveys at
accessible locations. Items that cannot be adequately characterized or that are too
large to be scanned will be considered contaminated in excess of the limits and
will be managed as licensed material (i.e., stored in a controlled area until
decontaminated or disposed of at a properly licensed facility.

Unont.aminated mnMaterials, equipment, instruments, and ther- materialsetc.
intended for unrestricted release from the Moore Ranch project will be surveyed
for alpha contamination before removal from the restricted and controlled areas.
The RSO; or a qualified member of the radiation safety staff, or properly trained
empfleyees will perform these surveys of all items removed from the restritted

ai-easwit th eieepiai efsnill had effid ieffs dsefbedabee.In specific
instances, other employees may receive training to perform unrestricted release
surveys. For instance, a plant operator may be trained to perform release surveys
on resin shipments during evening and weekend hours. In these cases, these
individuals will receive specific training for release surveys in accordance with
NRC and Department of Transportation (DOT) requirements. This training will
include specific procedural requirements contained in Standard Operating
Procedures, instrument use and limitations, and documentation of release surveys.
Training will be documented in the individual's training records and available for
inspection by NRC.

The release limits will be set as specified in "Guidelines for Decontamination of
Facilities and Equipment Prior to Release for Unrestricted Use or Termination of
Licenses For Byproduct or Source Materials", USNRC, May 1987. The release
limits for alpha radiation are as follows:

" Removable alpha contamination of 1,000 dpm/100cm2
" Average total alpha contamination of 5,000 dpm/100 cm2 over an area no

greater than one square meter
" Maximum total alpha contamination of 15,000 dpm/!00 cm2 over an area

no greater than 100 cm2.

Surveys will be performed with the following equipment:

1. Total surface activity will be measured with an appropriate alpha survey
meter. A Ludlum Model 2241 scaler or a Ludlum Model 177 Ratemeter with a
Model 43-65 or Model 43-5 alpha scintillation probe, or equivalent, will be used
for the surveys.

• 
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2. Portable GM survey meter with a beta/gamma probe with an end window
thickness of not more than 7 mg/cm2, a Ludlum Model 3 survey meter with a
Ludlum 44-38 probe or equivalent.

5. Swipes for removable contamination surveys as required.

Survey equipment will be calibrated annually or at the manufacturer's
recommended frequency, whichever is more frequent. Surface contamination
instruments will be checked daily when in use. Alpha survey meters for personnel
surveys will be response checked before each use.

As recommended in USNRC Regulatory Guide 8.30, EMC will conduct quarterly
unannounced spot checks of personnel to verify the effectiveness of the surveys
for personnel contamination. The purpose of the spot check surveys is to ensure
that employees are adequately surveying and decontaminating themselves prior to
exiting the restricted areas.

Contamination control during maintenance or other nonroutine activities will be
controlled through the use of an RWP unless standard operating procedures have
been developed. In preparing an RWP, the RSO will assess the potential hazard to
workers from loose and fixed contamination. In general, any work on pumps,
piping, tankage, containers, or associated equipment will be evaluated for an
RWP by the RSO. This would include any nonroutine maintenance or repairs in
the drying and packaging facilities; sandblasting, welding, or grinding on any
contaminated metal surfaces; and chipping or drilling concrete in plant buildings
where contamination may be present. The RWP will contain requirements for
specific contamination control techniques suited to the maintenance task. In most
instances, some method of decontamination prior to performing maintenance
work will be required. Methods typically employed at ISR facilities have included
pressure washing surfaces or performing decontamination with a mild solution of
muriatic acid to reduce contamination levels to a minimum. In some cases, work
that may involve generation of dust that may contain radioactive materials will be
performed under wet conditions.

• 
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As recommended in USNRC Regulatory Guide 8.30, EMC will conduct quarterly 
unannounced spot checks of personnel to verify the effectiveness of the surveys 
for personnel contamination. The purpose of the spot check surveys is to ensure 
that employees are adequately surveying and decontaminating themselves prior to 
exiting the restricted areas. 

Contamination control during maintenance or other nonroutine activities will be 
controlled through the use of an R WP unless standard operating procedures have 
been developed. In preparing an RWP, the RSO will assess the potential hazard to 
workers from loose and fixed contamination. In general, any work on pumps, 
piping, tankage, containers, or associated equipment will be evaluated for an 
RWP by the RSO. This would include any nonroutine maintenance or repairs in 
the drying and packaging facilities; sandblasting, welding, or grinding on any 
contaminated metal surfaces; and chipping or drilling concrete in plant buildings 
where contamination may be present. The R WP will contain requirements for 
specific contamination control techniques suited to the maintenance task. In most 
instances, some method of decontamination prior to performing maintenance 
work will be required. Methods typically employed at ISR facilities have included 
pressure washing surfaces or performing decontamination with a mild solution of 
muriatic acid to reduce contamination levels to a minimum. In some cases, work 
that may involve generation of dust that may contain radioactiv(;! materials will be 
performed under wet conditions. 



Radiological Open Issue No. 17
Detection of Ra-226 and other naturally occurring daughter products during personnel

monitoring
July 27 2009 Teleconference

Open Issue discussion:

The applicant states that any gross alpha contamination on the skin or clothing will be considered
removable and will be subject to the limit of 1000 dpm/100 cm2. The removable contamination
limit for Ra-226 is 20 dpm/100 cm2. The applicant does not provide sufficient information
regarding its ability to account for and detect Ra-226 as defined in Enclosure 2 to Policy and
Guidance Directive 83-23, as well as other possible contaminants that may be present as a result
of the uranium recovery operations.

Answer: This issue was addressed by NRC at the November 17, 2009 licensing workshop
held in Denver, Colorado. As an action item, NRC stated that they would review the appropriate
release limits under the guidance currently contained in USNRC Regulatory Guide 8.30 and
would clarify this issue with industry. Therefore, no response is provided at this time.

Proposed Revisions to License Application

See response July Open Issue 16
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Radiological Open Issue No. 18
Contamination monitoring of hand carried items

July 27 2009 Teleconference

Open Issue discussion:

The applicant states that hand carried items used in the well fields and controlled areas will also
be monitored for surface contamination. The applicant needs to define the contamination control
program in more detail and what action limits will be used to control contamination. For
example, will hand-carried items be monitored at the central processing facility or will they be
monitored in the field? If the applicant plans to check the hand-carried items in the field, what
instruments will be used?

Answer:

In accordance with 10 CFR §20.1003, controlled areas can be established by the licensee for any
purpose. At Moore Ranch, controlled areas will be established to minimize the opportunity for
public access related to physical security, to prevent inadvertent contact with licensed material
by the general public, and in the general interest of public and worker safety. An example of
controlled areas at Moore Ranch would be wellfield areas. Quantities and/or concentrations of
radioactive materials potentially in these areas would not be expected to exceed licensed
quantities and therefore these areas will not need to be restricted for the purpose of protecting
individuals against undue risks from exposure to radiation and radioactive materials as required
in 10 CFR §20.1003.

It is recognized that small hand tools and similar items may come in contact with solutions
and/or materials in restricted areas (e.g., the Central Process Plant) and may become
contaminated at low levels above background. These items may be needed for tasks in the
controlled areas. For instance, clipboards and portable radios are routinely carried between the
restricted and controlled areas. Survey of these items by personnel prior to entering controlled
areas from the restricted area is appropriate in the interest of ALARA. As stated in section 5.7.6
of the Technical Report, personnel will be allowed to conduct contamination monitoring of
small, hand-carried items as long as all surfaces can be reached with the instrument probe and
the item does not originate in yellowcake areas. These surveys will be performed at the
contamination control point(s) located for the restricted area boundary using the equipment
specified in section 5.7.6 and will be properly documented. As further stated in the Technical
Report, surveys of materials, equipment, instruments, etc. intended for release from the restricted
and controlled areas to unrestricted areas will only be performed by the RSO, the radiation safety
staff, or properly trained employees.

All employees will have received basic radiation safety training as radiation workers (see
Technical Report section 5.5.1.3) and those working in wellfield and similar controlled areas will
be specifically trained as radiation workers by the RSO in basic survey procedures. Action limits
for release of all equipment and materials from the restricted area to controlled areas will be
consistent, regardless of where on site the equipment may have originated. However, for
personal items, it is standard practice to apply personnel contamination limits to them.
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Radiological Open Issue No. 19
Beta surveys of operations involving direct handling of large quantities of aged yellowcake

July 27 2009 Teleconference

Open Issue discussion:

The applicant does not address how it plans to conduct beta surveys in the plant and what action
levels will be taken to protect personnel working in potential beta and gamma radiation fields.

Answer:

Beta exposure rate surveys will be performed at the specific operations that involve direct
handling of large quantities of aged yellowcake. This would include in plant areas associated
with precipitation, dewatering (filter press) and drying/packaging. Surveys will be performed
with a Ludlum 44-6 sidewall GM detector or equivalent. These surveys will be performed near
the surface of the material (e.g., within 10 cm) so as to be representative of beta exposure rates to
workers' hands and skin during the handling of the material. Surveys will be performed at
initiation of operations and subsequent surveys and/or beta evaluations will be performed
whenever procedural and/or equipment changes could affect the beta levels to which employees
may be exposed. Any beta exposure rate evaluations for these operations that are performed in
lieu of instrument surveys will use the information provided in Regulatory Guide 8.30 Figures 1
and 2.

Beta contamination surveys will similarly be performed in these same plant areas initially and
whenever procedural and/or equipment change may increase risk of beta contamination. These
surveys will be performed with a Ludlum 43-1-1 alpha - beta phoswich scintillation probe or
equivalent. This probe has an active window area of 83 cm 2, rated efficiencies of 30% alpha (Pu
239) and 30% beta (Sr 9o / y 90) and typical backgrounds of 3 cpm alpha and < 300 cpm beta.

If it is determined that beta exposure rates to which workers could be exposed could result in
shallow dose equivalents to the skin or the skin of extremities that are > 10% of the limits from
10 CFR §20.1201 (a)(2), provisions for personnel beta monitoring (e.g., ring and/or wrist
badges) will be provided.

Proposed Revisions to License Application

See Open Item 7
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Radiological Open Issue No. 20
Qualifications of individuals performing contamination surveys for release from restricted

and controlled areas
July 27 2009 Teleconference

Open Issue discussion:

The applicant states that the Radiation Safety Officer (RSO), the radiation safety staff, or
properly trained employees perform surveys of all items removed from the restricted areas with
the exception of small, hand-carried items described in open issue 19. The staff is looking for
EMC to define the term "properly trained."

Answer:

During the teleconference discussing this Open Issue, NRC staff referenced NRC Inspection and
Enforcement Circular 81-07, issued May 14, 1981, which provides guidance in response to
events reported in Information Notice No. 80-22 at nuclear power reactor facilities regarding the
release of radioactive contamination to unrestricted areas by trash disposal and sale of scrap
metal. The circular establishes acceptable contamination limits for beta-gamma emitters at
nuclear power reactor facilities and defines qualifications for personnel conducting
contamination surveys per USNRC Regulatory Guide 1.8, Qualification and Training of
Personnel at Nuclear Power Plants. However, I & E Circular 81-07 states: "Because of the
limitations of the technical analysis supporting this guidance, this circular is applicable only to
nuclear power reactor facilities".

All personnel conducting contamination surveys for release of equipment and materials to
unrestricted areas, including resin trucks on off hours, will have been trained as radiation
workers in accordance with guidance in USNRC Regulatory Guide 8.31, section 2.5, Radiation
Safety Training and as described in the Moore Ranch Technical Report section 5.5.1.3. Radiation
worker training includes instruction on the use of portable survey instrumentation for assessment
of contamination on personnel and equipment.

In general, the RSO or radiation safety staff will perform all surveys required for unrestricted
release of equipment and materials. However, this can prove problematic for resin shipments due
to the continuous nature of the operation. The RSO and radiation safety staff are typically on site
during regular working hours. Ion exchange (IX) resin must be transferred from the satellite IX
columns or central plant elution columns to the transport vehicle at the time it is determined to be
fully loaded (satellite plant) or elution is complete (central plant). To prevent the need to call the
RSO or a-member of the radiation safety staff out to the remote satellite or central plant location
and/or store multiple trailers loaded with IX resin on site, it has been industry practice to train
selected individuals (usually the plant operator) to perform release surveys on resin shipments
containing loaded and barren IX resin for shipment between facilities during the evenings and
weekend hours. In order to accomplish this, these individuals receive specific training for
surveys of resin shipments in accordance with NRC and Department of Transportation (DOT)
requirements. This training includes specific procedural requirements contained in Standard
Operating Procedures, instrument use and limitations, and documentation of release surveys.[e 
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Training is documented in the individual's training records. The records of this training and
release surveys have been inspected by NRC at current licensees and found to be acceptable.

Proposed Revisions to License Application

See response July Open Issue 16

• Training is documented in the individual's training records. The records of this training and 
release surveys have been inspected by NRC at current licensees and found to be acceptable. 

Proposed Revisions to License Application 

See response July Open Issue 16 



Radiological Open Issue No. 21
No issue 21

July 27 2009 Teleconference

Open Issue discussion:

Deleted by NRC.

Answer:

Proposed Revisions to License Application
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Radiological Open Issue No. 22
Clarification of QA organization

July 27 2009 Teleconference

Open Issue discussion:

The applicant needs to identify the person with the ultimate authority for the QA Program
at the site.

Answer:

The Moore Ranch Mine Manager has the ultimate authority for all activities conducted at
the Moore Ranch Facility. Responsibility for administration of the QA Program has been
assigned to the Radiation Safety Officer.

The text in Addendum 5-A of the Technical Report has been modified to reflect this
change.

Proposed Revisions to License Application

Addendum 5-A, Wyoming ISR Operations Quality Assurance Plan, of the license
application will be revised in response to this Open Issue. Changes to the original text as
submitted to NRC are noted in red-line/strikeout method in the December 2009, revision
of Addendum 5-A included with the July 27, 2009 Miscellaneous Open Issue 9 response.

1
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Radiological Open Issue No. 23
Discussion of routine quality control checks

July 27 2009 Teleconference

Open Issue discussion:

The applicant has not provided enough information regarding the routine quality control
checks for acceptable performances, such as background checks, reference checks, and
the use of control charts to track trends.

Answer: EMC will revise the Technical Report to include the following information
concerning routine quality control checks for instrumentation used for detecting
radiation. EMC will utilize Regulatory Guide 8.30, Section 8 Calibration of Survey
Instruments, guidance of ±20% as the criteria to determine acceptable performance for
instrument response. This criterion will be added to the Standard Operating Procedures
for site radiological surveys and included on instrument response check forms.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this Open
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

Section 5.7.2.1, Gamma Surveys:

5.7.2.1 Gamma Surveys

External gamma radiation surveys will be performed routinely at the Moore
Ranch Uranium Project. The required frequency will be quarterly in designated
Radiation Areas and semiannually in all other areas of the plant. Surveys will be
performed at worker occupied stations and areas of potential gamma sources such
as tanks and filters. EMC will establish and post as a Radiation Area any area,
accessible to workers, in which levels could result in an individual receiving a
dose in excess of 5 mrem in 1 hour. An investigation will be performed to
determine the probable source and survey frequency for areas exceeding 5.0
mRem per hour is increased to monthly. Records will be maintained of each
investigation and the corrective action taken. If the results of a gamma survey
identified areas where gamma radiation is in excess of levels that delineate a
"radiation area", access to the area will be restricted and the area will be posted as
required in 10 CFR §20.1902 (a).

External gamma surveys will be performed with survey equipment that meets the
following minimum specifications:
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1. Range - Lowest range not to exceed 200 microRoentgens per hour (4tRhr)
full-scale with the highest range to read at least 100 milliRoentgens per hour (mR
per hour) full scale;

2. Battery operated and portable;

Examples of satisfactory instrumentation that meets these requirements are the
Ludlum Model 3 survey meter with a Ludlum 44-38 probe or equivalent. The
Model 3 is a general purpose survey meter with a meter scale of 0 to 2 mrem/hr
and scale multiplier adjustments of X 0.1, X 1.0, X 10, and X 100. Accordingly,
the effective range of this survey meter and probe is 0 - 200 mrem/hr. The model
44-38 has a sensitivity of 1,200 cpm per mrem/hr and backgrounds of 20 cpm
(beta shield closed) and 25 cpm open. Accordingly, the MDL for this instrument
is approximately 30 jtR/hr at twice background. Gamma survey instruments will
be calibrated at the manufacturer's suggested interval or at least annually and will
be operated in accordance with the manufacturer's recommendations. Instrument
checks will be performed eah• day th.a an in.sti..men.t is uscdas summarized in the
following schedule:

" Physical check - Daily when in use
* Battery Check (if applicable) - Daily when in use
* Response source check (L 20%) - Daily when in use
" Calibration verification - Daily when in use
o Background measurement - Daily or before each use

Section 5.7.3.1, Airborne Uranium Particulate Monitoring:

5.7.3.1 Airborne Uranium Particulate Monitoring

Airborne particulate levels at solution mines that employ vacuum dryers are very
low since there are no emissions. The primary potential source of airborne
uranium is during yellowcake packaging. This operation will be confined to the
dryer room. The room will be closed and posted as an airborne radioactivity area
during packaging. The proposed airborne uranium sampling locations for the
Moore Ranch Central Plant are shown on Figure 5.7-1. Samples will be obtained
using area samplers on a monthly frequency.

Area samples will be taken in accordance with standard operating procedures.
These procedures will implement the guidance contained in USNRC Regulatory
Guide 8.25. Samples will be taken with a glass fiber filter and a regulated air
sampler such as an Eberline RAS-1 or equivalent. Sample volume will be
adequate to achieve the lower limits of detection (LLD) for uranium in air.
Samplers will be calibrated at the manufacturer's suggested interval or
semiannually with a digital mass flowmeter or other primary calibration standard.
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Breathing zone sampling will be performed to determine individual exposure to
airborne uranium during certain operations. Sampling will be performed with a
lapel sampler or equivalent. The air filters will be counted and compared to the
Derived Air Concentration (DAC) using the same method used for area sampling.
Air samplers will be calibrated at the manufacturer's recommended frequency or
at least every six months using a primary calibration standard. Air sampler
calibration will be performed in accordance with standard operating procedures.

Measurement of airborne uranium will be performed by gross alpha counting of
the air filters using an alpha scaler such as a Ludlum Model 2000 or equivalent.
The DAC for moderately soluble (W classification) natural uranium of 3x10-10
gCi/ml from Appendix B to 10 CFR §§20.1001 - 20.2401 will initially be used at
the Moore Ranch project until in vitro solubility studies can be performed on the
uranium compounds present. This is approach because the available literature
indicates that the wet process U04 and dried U03 products of modem ISRs in
general will be ICRP 19 Class D (or ICRP 66 Class F) compounds. EMC will
assume them to be Class W (or ICRP 66 Class M) for purposes of establishing the
initial DAC upon plant startup. Should in vitro solubility studies indicate that
Class D or a "mixed" DAC (i.e., a combination of the Class D and Class W
DACs) is appropriate for the Moore Ranch material, the DAC will be adjusted
accordingly using a standard sum of fractions rule. An action level of 25% of the
DAC for natural uranium will be established at the Moore Ranch Plant. If an
airborne uranium sample exceeds the action level, the RSO will investigate the
cause and evaluate the need for corrective action.

Instruments utilized in determining gross alpha count for air filters will be
function checked prior to use to ensure proper operations. Scaler type instruments
are used to analyze the alpha contamination on air filters and loose surface
contamination ("smear") samples. These instruments consist of a detector and a
scaler and include the Ludlum Model 2000 Scaler or equivalent. These
instruments require the following checks at the noted frequency:

* Physical check - Daily when in use
• Battery Check (if applicable) - Daily when in use
* High Voltage Check (if applicable) - Daily when in use
" Calibration verification check (+ 20%) - Daily when in use
" Background measurement - Daily when in use
" Determination of efficiency/correction factor - Daily when in use
* Determination of instrument reliability factor - Initially after calibration,
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* Determination of lower limit of detection - Initially after calibration, after

repair or if instrument response is questionable
" High voltage plateau - Initially after calibration, after repair or if

instrument response is questionable.

• Breathing zone sampling will be performed to determine individual exposure to 
airborne uranium during certain operations. Sampling will be performed with a 
lapel sampler or equivalent. The air filters will be counted and compared to the 
Derived Air Concentration (DAC) using the same method used for area sampling. 
Air samplers will be calibrated at the manufacturer's recommended frequency or 
at least every six months using a primary calibration standard. Air sampler 
calibration will be performed in accordance with standard operating procedures. 

Measurement of airborne uranium will be performed by gross alpha counting of 
the air filters using an· alpha scaler such as a Ludlum Model 2000 or equivalent. 
The DAC for moderately soluble (W classification) natural uranium of 3xl0-10 
!lCi/ml from Appendix B to 10 CFR §§20.1001 - 20.2401 will initially be used at 
the Moore Ranch project until in vitro solubility studies can be performed on the 
uranium compounds present. This is approach because the available literature 
indicates that the wet process U04 and dried U03 products of modem ISRs in 
general will be ICRP 19 Class D (or ICRP 66 Class F) compounds. EMC will 
assume them to be Class W (or ICRP 66 Class M) for purposes of establishing the 
initial DAC upon plant startup. Should in vitro solubility studies indicate that 
Class D or a "mixed" DAC (i.e., a combination of the Class D and Class W 
DACs) is appropriate for the Moore Ranch material, the DAC will be adjusted 
accordingly using a standard sum of fractions rule. An action level of 25% of the 
DAC for natural uranium will be established at the Moore Ranch Plant. If an 
airborne uranium sample exceeds the action level, the RSO will investigate the 
cause and evaluate the need for corrective action. 

Instruments utilized in determining gross alpha count for air filters will be 
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Section 5.7.3.2, Radon Daughter Concentration Monitoring:

5.7.3.2 Radon Daughter Concentration Monitoring

Surveys for radon daughter concentrations will be conducted in the operating
areas of the Moore Ranch Plant on a monthly basis. Sampling locations will be
determined in accordance with the guidance contained in USNRC Regulatory
Guide 8.25. Proposed radon daughter sampling locations for the Moore Ranch
Plant are shown on Figure 5.7-1.

Samples will be collected with a low volume air pump (e.g., lapel sampler) and
then analyzed with an alpha scaler using the Modified Kusnetz method described
in ANSI-N13.8-1973. Routine radon daughter monitoring will be performed in
accordance with standard operating procedures. Samplers will be calibrated at the
manufacturer's suggested interval or semiannually with a digital mass flowmeter
or other primary calibration standard. Air sampler calibration will be performed in
accordance with standard operating procedures.

Instruments utilized in determining gross alpha count for radon daughter
concentration samples will be function checked prior to use to ensure proper
operations. Function checks will be the same as those discussed for airborne
uranium particulate monitoring described in Section 5.7.3.1.

Section 5.7.6, Contamination Control Program:

EMC will perform surveys for surface contamination in operating and clean areas
of the Moore Ranch Plant in accordance with the guidelines contained in USNRC
Regulatory Guide 8.30. Surveys for total alpha contamination in clean areas will
be conducted weekly. In designated clean areas, such as lunchrooms, offices,
change rooms, and respirator cabinets, the target level of contamination is nothing
detectable above background. If the total alpha survey indicates contamination
that exceeds 250 dpm/100 cm2 (i.e., 25% of the removable limit) a smear survey
will be performed to assess the level of removable alpha activity. If smear test
results indicate removable contamination greater than 250 dpm/1 00 cm2, the area
will be promptly cleaned and resurveyed.

All personnel leaving the restricted area will be required to perform and document
alpha contamination monitoring. In addition, personnel who could come in
contact with potentially contaminated solutions outside a restricted area such as in
the wellfields will be required to monitor themselves prior to leaving the area. All
personnel will receive training in the performance of surveys for skin and
personal contamination. Although no detectable contamination above background
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is considered the ALARA objective, all contamination on skin and clothing is
considered removable, so the limit of 1,000 dpm/100 cm2 will be applied to
personnel monitoring. Personnel will also be allowed to conduct contamination
monitoring of small, hand-carried items for use in controlled areas (e.g.,
wellfields) as long as all surfaces can be reached with the instrument probe and
the item does not originate in yellowcake areas. All other items and items
intended for unrestricted release from the Moore Ranch project will be surveyed
by the RSO, the radiation safety staff, or properly trained employees as described
below.

Employees that enter a restricted area will be required to sign in on an access log
and note their name and the time entered. Upon leaving the restricted area,
employees will be required to monitor themselves for radioactive contamination
or take a shower and change their clothing in accordance with Regulatory Guide
8.30. The monitoring will consist of a visual examination to detect any visible
yellowcake and an instrument survey to ensure that any suspected contamination
is below the acceptable limits. If the contamination limit is exceeded, personnel
must decontaminate their skin and/or clothing, repeat the survey, and notify the
RSO. The RSO will investigate the cause of the contamination and take corrective
action, if appropriate. Employees will be trained during initial radiation safety
training to self-monitor using a rate meter with an alpha scintillation detector. The
results of the personnel surveys will be recorded on the access log at the survey
station. The RSO will routinely observe employees leaving the restricted area to
ensure that proper personnel contamination survey methods are employed.
Restricted areas include the central plant and drum storage areas as shown on
Figure 2.1-3. All wellfield areas will be controlled areas as defined in 10 CFR
§20.1003. Wellfield areas are shown on Figures 2.1-2 and 3.1-2

Decontamination of surfaces will be guided by the ALARA principle to reduce
surface contamination to levels as far below the limits as practical. Particular
attention will be given to equipment and structures in which radiological materials
could accumulate in inaccessible locations including piping, traps, junctions, and
access points. Contamination of these materials will be determined by surveys at
accessible locations. Items that cannot be adequately characterized or that are too
large to be scanned will be considered contaminated in excess of the limits and
will be managed as licensed material (i.e., stored in a controlled area until
decontaminated or disposed of at a properly licensed facility.

Materials, equipment, instruments, etc. intended for unrestricted release from the
Moore Ranch project will be surveyed for alpha contamination before removal
from the restricted and controlled areas. The RSO or a qualified member of the
radiation safety staff will perform these surveys. In specific instances, other
employees may receive training to perform release surveys. For instance, a plant
operator may be trained to perform release surveys on the resin transport vehicle
and exterior of the exclusive use resin shipment containers during evening and
weekend hours. In these cases, these individuals will receive specific training for
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release surveys in accordance with NRC and Department of Transportation
(DOT) requirements. This training will include specific procedural requirements
contained in Standard Operating Procedures, instrument use and limitations, and
documentation of release surveys. Training will be documented in the individual's
training records and available for inspection by NRC.

The release limits will be set as specified in "Guidelines for Decontamination of
Facilities and Equipment Prior to Release for Unrestricted Use or Termination of
Licenses For Byproduct or Source Materials", USNRC, May 1987. The release
limits for alpha radiation are as follows:

" Removable alpha contamination of 1,000 dpm/100cm2
" Average total alpha contamination of 5,000 dpmr/100 cm2 over an area no

greater than one square meter
" Maximum total alpha contamination of 15,000 dpm/100 cm2 over an area

no greater than 100 cm2.

Surveys will be performed with the following equipment:

1. Total surface activity will be measured with an appropriate alpha survey
meter. A Ludlum Model 2241 scaler or a Ludlum Model 177 Ratemeter with a
Model 43-65 or Model 43-5 alpha scintillation probe, or equivalent, will be used
for the surveys.

2. Portable GM survey meter with a beta/gamma probe with an end window
thickness of not more than 7 mg/cm2, a Ludlum Model 3 survey meter with a
Ludlum 44-38 probe or equivalent.

5. Swipes for removable contamination surveys as required.

Survey equipment will be calibrated annually or at the manufacturer's
recommended frequency, whichever is more frequent. Surface contamination
instruments will be checked daily when in use. Alpha survey meters for personnel
surveys will be response checked before each use.

Surface contamination instruments are used to measure alpha and beta-gamma
surface contamination levels and include the Ludlum Model 2241
Ratemeter/Scaler Survey Meter. These instruments require the following checks
at the noted frequency:

o Response source check (+ 20%) - Before each use
o Battery Check (if applicable) - Daily when in use
o High Voltage Check (if applicable) - Daily when in use
o Calibration verification check - Daily when in use
o Background measurement - Daily or before each use
o Determination of efficiency/correction factor - Daily when in use
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9 Determination of instrument reliability factor - Initially after calibration

Alpha survey meters are used to measure alpha surface contamination levels on
skin and equipment and include a ratemeter such as the Ludlum Model 12 or
equivalent. These instruments require the following checks at the noted
frequency:

" Response source check (±20%) - Before each use
" Battery Check (if applicable) - Weekly
" High Voltage Check (if applicable) - Weekly
" Calibration verification check - Weekly

" Background measurement - Weekly
" Determination of efficiency/correction factor - Weekly
" Determination of instrument reliability factor - Initially after calibration

As recommended in USNRC Regulatory Guide 8.30, EMC will conduct quarterly
unannounced spot checks of personnel to verify the effectiveness of the surveys for
personnel contamination. The purpose of the spot check surveys is to ensure that
employees are adequately surveying and decontaminating themselves prior to exiting the
restricted areas.

Contamination control during maintenance or other nonroutine activities will be
controlled through the use of an RWP unless standard operating procedures have been
developed. In preparing an RWP, the RSO will assess the potential hazard to workers
from loose and fixed contamination. In general, any work on pumps, piping, tankage,
containers, or associated equipment will be evaluated for an RWP by the RSO. This
would include any nonroutine maintenance or repairs in the drying and packaging
facilities; sandblasting, welding, or grinding on any contaminated metal surfaces; and
chipping or drilling concrete in plant buildings where contamination may be present. The
RWP will contain requirements for specific contamination control techniques suited to
the maintenance task. In most instances, some method of decontamination prior to
performing maintenance work will be required. Methods typically employed at ISR
facilities have included pressure washing surfaces or performing decontamination with a
mild solution of muriatic acid to reduce contamination levels to a minimum. In some
cases, work that may involve generation of dust that may contain radioactive materials
will be performed under wet conditions.
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Radiological Open Issue No. 24
Incorporation of data acquired through non-direct measurements into QA/QC

program
July 27 2009 Teleconference

Open Issue discussion:

The applicant stated that data acquired through non-direct measurements may include
data from historical databases, literature references, background information from
historical facility files, climatic data, and regional geology or hydrology description.
NRC staff cannot determine how data acquired through non-direct measurements will be
incorporated into the QA/QC program including, for example, record keeping and
verification and validation.

Answer:
Section 7.48 Data Acquisition Requirements through Non-Direct Measurements will be
used for historical information purposes and EMC will not try to do QA/QC validation on
this data.

EMC will remove reference to Section 7.48 from Addendum 5-A of the Technical
Report.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this SER
question.

Addendum 5-A, Wyoming ISR Operations Quality Assurance Plan, of the license
application has been revised in response to this Open Issue. Changes to the original text
as submitted to NRC are noted in red-line/strikeout method in the December 2009,
revision of Addendum 5-A included with the July 27, 2009 Miscellaneous Open Issue 9
response.
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Radiological Open Issue No. 25
Discussion of corrective action program integrating QA components

July 27 2009 Teleconference

Open Issue discussion:

The applicant has not discussed a corrective action program at the site that integrates
components of the Quality Assurance Program.

Answer:

Add a section to QA Plan as follows:

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

7.7.1.1 Corrective Actions

Corrective actions are the process of identifying, recommending, approving and
implementing measures to improve unacceptable procedures, and sampling practices that
may affect data quality. All proposed and implemented corrective actions will be
documented through the site SERP process. Items requiring immediate corrective actions
will be implemented with the approval of the Radiation Safety Office and modifications
documented through the SERP process.

If corrective actions are insufficient, the appropriate personnel may issue suspension of
work until the problem can be resolved.

During any field sampling activity, the field personnel will be responsible for
documenting and reporting all QA nonconformance's and suspected deficiencies
associated with the sampling being conducted. All nonconformance's and or deficiencies
will be documented in the field log book or sheets and reported to the RSO. If the
problem is associated with field measurement sampling equipment, the field personnel
will take the appropriate corrective actions. If the field corrective actions are not
sufficient to correct the deficiency, personnel may suspend field activities until the
problem can be resolved. Any time field activities have been suspended due to QA
deficiencies the RSO shall be notified.

Field corrective actions could include:
o Repeating the measurement to check for errors
o Checking, recharging or replacing batteries in sampling equipment
o Re-calibration or function check of instrument or equipment to ensure proper

operations• 
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* Replacing meter or instruments not functions properly

Field corrective actions will be documented in the field sampling log book or field
sampling sheets.• • Replacing meter or instruments not functions properly 
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Miscellaneous Open Issue No. 1
Justification for using ACC met data to represent Moore Ranch meteorology

July 27 2009 Teleconference

Open Issue discussion:

The applicant provided topography photos and seasonal wind roses for the Glenrock Coal
Company and Antelope Coal Company (ACC) sites. However, the applicant did not
provide sufficient information regarding the representativeness of the meteorology of the
ACC site to Moore Ranch.

Answer:

As per discussions in the November 23, conference call with the NRC, additional data
from near by meteorological sites with in the Powder River Basin were compiled to
support the use of the ACC site as a representative off-site meteorological data source in
Section 2.5 of the Technical Report. A brief discussion describing the six coal mine
meteorological stations used in the comparison is provided below. Figure 1 depicts the
locations of the six meteorological stations and the location of the Moore Ranch Project.
Wind roses for the six sites are presented in the attached Figure 2. Meteorological site
summaries are provided for review in Appendix A. Based on the attached information the
ACC site remains the most representative off-site data source that best represents
meteorological conditions for the Moore Ranch site.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this SER
Open Issue. Information provided in response to this open issue will be provided in
Addendum 2.5-B (new) of the revised Technical Report.
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Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this SER 
Open Issue. Information provided in response to this open issue will be provided in 
Addendum 2.5-B (new) ofthe revised Technical Report. 



Support for Antelope Coal Mine Meteorology as Representative
Of Moore Ranch Property

December 8, 2009

The Nuclear Regulatory Commission has requested additional information to
support the use of off-site monitoring data for the meteorology section of the
Moore Ranch project Technical Report. Antelope Coal Company (ACC),
approximately 25 miles east of the Moore Ranch permit area, was proposed as
the off-site source of meteorological data. A case for the similarity in topography
and vegetation between the two sites has already been made. At issue is the
similarity of wind speed and direction between ACC and Moore Ranch.

In an effort to establish uniformly trending wind patterns in the Powder River
Basin (PRB), IML Air Science has compiled meteorological summaries and wind
roses for a total of 6 coal mine meteorological stations in the PRB (including
ACC). Figure 1 below shows the 6 mines and the Moore Ranch permit area.
Meteorological summaries for these mines appear in Appendix A. Long-term
average wind speeds at all sites except Glenrock Coal Company (GCC) range
from 9.4 to 11.2 mph. GCC averages 14.8 mph due to the higher altitude and the
funneling effect of the nearby Laramie Range.

Figure 2 illustrates a north-to-south trend in wind directions. The wind roses in
Figure 2 should be examined from left to right, then top to bottom. From the
northern PRB to the southern PRB, prevailing wind directions gradually shift from
a northwest-southeast, bimodal flow to a predominantly west-southwesterly flow.
In the northern part of the PRB, represented by the Cordero Rojo meteorological
station, the northwesterly and southeasterly winds dominate. Farther south, the
Black Thunder and Jacobs Ranch meteorological stations show an emerging
west-southwesterly component. Farther south still, the North Rochelle
meteorological station exhibits a more pronounced west-southwesterly
component. Proceeding southward to ACC, one observes an even more
prominent west-southwesterly wind component. The Glenrock Coal
meteorological station, at the southern extreme of the PRB, shows the west-
southwesterly winds to be dominant.

ACC was chosen as being representative of the Moore Ranch meteorology for
several reasons. First, among the coal mines in the PRB, ACC lies closest to the
Moore Ranch project. Second, given the north-to-south trend in wind directions
throughout the PRB, the similar latitudes of the ACC and Moore Ranch sites
should account for this trend. Third, the topography at ACC is very similar to the
topography at Moore Ranch.

• 
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Support for Antelope Coal Mine Meteorology as Representative 
Of Moore Ranch Property 

December 8, 2009 

The Nuclear Regulatory Commission has requested additional information to 
support the use of off-site monitoring data for the meteorology section of the 
Moore Ranch project Technical Report. Antelope Coal Company (ACC), 
approximately 25 miles east of the Moore Ranch permit area, was proposed as 
the off-site source of meteorological data. A case for the similarity in topography 
and vegetation between the two sites has already been made. At issue is the 
similarity of wind speed and direction bet~een ACC and Moore Ranch. 

In an effort to establish uniformly trending wind patterns in the Powder River 
Basin (PRB). IML Air Science has compiled meteorological summaries and wind 
roses for a total of 6 coal mine meteorological stations in the PRB (including 
ACC). Figure 1 below shows the 6 mines and the Moore Ranch permit area. 
Meteorological summaries for these mines appear in Appendix A. Long-term 
average wind speeds at all sites except Glenrock Coal Company (GCC) range 
from 9.4 to 11.2 mph. GCC averages 14.8 mph due to the higher altitude and the 
funneling effect of the nearby Laramie Range. 

Figure 2 illustrates a north-to-south trend in wind directions. The wind roses in 
Figure 2 should be examined from left to right. then top to bottom. From the 
northern PRB to the southern PRB. prevailing wind directions gradually shift from 
a northwest-southeast, bimodal flow to a predominantly west-southwesterly flow. 
In the northern part of the PRB, represented by the Cordero Rojo meteorological 
station, the northwesterly and southeasterly winds dominate. Farther south, the 
Black Thunder and Jacobs Ranch meteorological stations show an emerging 
west-southwesterly component. Farther south still, the North Rochelle 
meteorological station exhibits a more pronounced west-southwesterly 
component. Proceeding southward to ACC, one observes an even more 
prominent west-southwesterly wind component. The Glenrock Coal 
meteorological station', at the southern extreme of the PRB, shows the west­
southwesterly winds to be dominant. 

ACC was chosen as being representative of the Moore Ranch meteorology for 
several reasons. First, among the coal mines in the PRB, ACC lies closest to the 
Moore Ranch project. Second, given the north-to-south trend in wind directions 
throughout the PRB, the similar latitudes of the ACC and Moore Ranch sites 
should account for this trend. Third, the topography at ACC is very similar to the 
topography at Moore Ranch. 



FIGURE 1

Moore Ranch Met Stations
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FIGURE 2
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Appendix A - Meteorological Summaries

• 
Appendix A - Meteorological Summaries 



Cordero Rojo Complex

Meteorological Data Summary

1/111987 - 10/19/2009

Hourly Data

Average/Total

Wind Speed (mph)

Sigma-Theta (0)

Temperature (F)

Precipitation (in)

10.9

12.7

43.3

248.13

Max

49.3

103.4

104.4

2.66

Min

0.0

0.0

-35.6

Predominant wind direction was from the SSE sector,

accounting for 12.5% of the possible winds

Data Recovery

Parameter

Wind Speed

Wind Direction

Sigma-Theta

Temperature

Precipitation

Possible

(hours)

199872

199872

199872

199872

199872

Reported

(hours)

192937

191668

181457

184836

186676

Recovery

96.53%

95.90%

90.79%

92.48%

93.40%

• 

• 

Cordero Rojo Complex 

Meteorological Data Summary 

1/1/1987 - 10119/2009 

Hourly Data 

AverageiTotal Max 

Wind Speed (mph) 10.9 49.3 

Sigma-Theta (0) 12.7 103.4 

Temperature (F) 43.3 104.4 

Precipitation (in) 248.13 2.66 

Predominant wind direction was from the SSE sector, 

accounting for 12.5% of the possible winds 

Data Recovery 

Min 

0.0 

0.0 

-35.6 

Parameter Possible Reported Recovery 

(hours) (hours) 

Wind Speed 199872 192937 96.53% 

Wind Direction 199872 191668 95.90% 

Sigma-Theta 199872 181457 90.79% 

Temperature 199872 184836 92.48% 

Precipitation 199872 186676 93.40% 



Black Thunder Mine

Meteorological Data Summary

1/1/1995 - 10/2/2009

Wind Speed (mph)

Sigma-Theta (0)

Temperature (F)

Relative Humidity (%)

Precipitation (in)

Hourly Data

Average/Total

9.4

16.5

46.7

56.3

115.57

Max

50.2

100.0

102.6

100.0

0.92

Min

0.0

0.0

-29.0

2.0

Predominant wind direction was from the NW sector,

accounting for 12.5% of the possible winds

Parameter

Wind Speed

Wind Direction

Sigma-Theta

Temperature

Relative Humidity

Precipitation

Data Recovery

Possible Reported

(hours) (hours)

129336 123326

129336 122236

129336 122236

129336 124494

129336 79947

129336 94302

Recovery

95.35%

94.51%

94.51%

96.26%

61.81%

72.91%

• 

• 

Black Thunder Mine 

Meteorological Data Summary 

1/1/1995 - 1012/2009 

Hourly Data 

Average/Total Max 

Wind Speed (mph) 9.4 50.2 

Sigma-Theta (0) 16.5 100.0 

Temperature (F) 46.7 102.6 

Relative Humidity (%) 56.3 100.0 

Precipitation (in) 115.57 0.92 

Predominant wind direction was from the NW 

accounting for 12.5% of the possible winds 

Data Recovery 

Parameter Possible Reported 

(hours) (hours) 

Wind Speed 129336 123326 

Wind Direction 129336 122236 

Sigma-Theta 129336 . 122236 

Temperature 129336 124494 

Relative Humidity 129336 79947 

Precipitation 129336 94302 

sector, 

Min 

0.0 

0.0 

-29.0 

2.0 

Recovery 

95.35% 

94.51% 

94.51% 

96.26% 

61.81% 

72.91% 



Jacobs Ranch Mine

Meteorological Data Summary

1/1/1986 - 10/21/2009

Wind Speed (mph)

Sigma-Theta (0)

Temperature (F)

Relative Humidity (%)

Precipitation (in)

Hourly Data

Average/Total

9.9

15.8

45.8

19.7

207.80

Max

51.8

102.8

102.5

141.1

1.75

Min

0.0

0.0

-63.9

0.0

Predominant wind direction was from the NW sector,

accounting for 11.3% of the possible winds

Parameter

Wind Speed

Wind Direction

Sigma-Theta

Temperature

Relative Humidity

Precipitation

Data Recovery

Possible Reported

(hours) (hours)

208680 185249

208680 185848

208680 183829

208680 185433

208680 188382

208680 179133

Recovery

88.77%

89.06%

88.09%

88.86%

90.27%

85.84%

• 
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Jacobs Ranch Mine 

Meteorological Data Summary 

1/1/1986 - 10/21/2009 

Hourly Data 

Average/Total Max 

Wind Speed (mph) 9.9 51.8 

Sigma-Theta (0) 15.8 102.8 

Temperature (F) 45.8 102.5 

Relative Humidity (%) 19.7 141.1 

Precipitation (in) 207.80 1.75 

Predominant wind direction was from the NW 

accounting for 11.3% of the possible winds 

Data Recovery 

Parameter Possible Reported 

(hours) (hours) 

Wind Speed 208680 185249 

Wind Direction 208680 185848 

Sigma-Theta 208680 183829 

Temperature 208680 185433 

Relative Humidity 208680 188382 

Precipitation 208680 179133 

sector, 

Min 

0.0 

0.0 

-63.9 

0.0 

Recovery 

88.77% 

89.06% 

88.09% 

88.86% 

90.27% 

85.84% 



North Rochelle Mine

Meteorological Data Summary

1/1/2000 - 10/6/2009

Hourly Data

Average/Total

Wind Speed (mph)

Sigma-Theta (0)

Temperature (F)

Precipitation (in)

12.0

13.8

46.9

74.40

Max

48.2

92.3

103.8

1.57

Min

0.0

0.0

-26.8

Predominant wind direction was from the NW sector,

accounting for 10.4% of the possible winds

Data Recovery

Parameter

Wind Speed

Wind Direction

Sigma-Theta

Temperature

Precipitation

Possible

(hours)

85608

85608

85608

85608

85608

Reported

(hours)

84822

85141

85140

81764

85105

Recovery

99.08%

99.45%

99.45%

95.51%

99.41%

• 
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North Rochelle Mine 

Meteorological Data Summary 

1/1/2000 - 1016/2009 

Hourlv Data 

Average/Total Max 

Wind Speed (mph) 12.0 48.2 

Sigma-Theta (0) 13.8 92.3 

Temperature (F) 46.9 103.8 

Precipitation (in) 74.40 1.57 

Predominant wind direction was from the NW sector, 

accounting for 10.4% of the possible winds 

Data Recovery 

Min 

0.0 

0.0 

-26.8 

Parameter Possible Reported Recovery 

(hours) (hours) 

Wind Speed 85608 84822 99.08% 

Wind Direction 85608 85141 99.45% 

Sigma-Theta 85608 85140 99.45% 

Temperature 85608 81764 95.51% 

Precipitation 85608 85105 99.41% 



Antelope Mine

Meteorological Data Summary

1/1/1997 - 12/31/2006

Wind Speed (mph)

Sigma-Theta (°)

Temperature (F)

Precipitation (in)

Bar. Pressure (in Hg)

Hourly Data

Average/Total

11.2

16.3

47.5

102.34

25.3

Max

50.6

82.0

102.1

1.48

25.9

Min

0.0

0.4

-33.8

20.0

Predominant wind direction was from the W sector,

accounting for 15.2% of the possible winds

Parameter

Wind Speed

Wind Direction

Sigma-Theta

Temperature

Precipitation

Bar. Pressure

Data Recovery

Possible Reported

(hours) (hours)

87648 81938

87648 81951

87648 81951

87648 83702

87648 83705

87648 43174

Recovery

93.49%

93.50%

93.50%

95.50%

95.50%

49.26%

• 
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Antelope Mine 

Meteorological Data Summary 

1/1/1997 - 12131/2006 

Hourly Data 

Average/Total Max 

Wind Speed (mph) 11.2 50.6 

Sigma-Theta (0) 16.3 82.0 

Temperature (F) 47.5 102.1 

Preci pitation (in) 102.34 1.48 

Bar. Pressure (in Hg) 25.3 25.9 

Predominant wind direction was from the W 

accounting for 15.2% of the possible winds 

Data Recovery 

Parameter Possible Reported 

(hours) (hours) 

Wind Speed 87648 81938 

Wind Direction 87648 81951 

Sigma-Theta 87648 81951 

Temperature 87648 83702 

Precipitation 87648 83705 

Bar. Pressure 87648 43174 

sector, 

Min 

0.0 

0.4 

-33.8 

20.0 

Recovery 

93.49% 

93.50% 

93.50% 

95.50% 

95.50% 

49.26% 



Glenrock Coal Company

Meteorological Data Summary

1/1/1997 - 12/31/2006

Hourly Data

Average/Total Max Min

Wind Speed (mph) 14.8 57.6 0.0

Sigma-Theta (0) 11.0 79.3 0.0

Temperature (F) 46.1 97.4 -25.0

Precipitation (in) 89.92 1.56

Predominant wind direction was from the WSW sector,

accounting for 20.0% of the possible winds

Data Recovery

Parameter Possible Reported Recovery

(hours) (hours)

Wind Speed 87648 81406 92.88%

Wind Direction 87648 81406 92.88%

Sigma-Theta 87648 78171 89.19%

Temperature 87648 81376 92.84%

Precipitation 87648 82827 94.50%

• 
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Glenrock Coal Company 

Meteorological Data Summary 

1/1/1997 - 12131/2006 

Hourly Data 

Average/Total Max 

Wind Speed (mph) 14.8 57.6 

Sigma-Theta CO) 11.0 79.3 

Temperature (F) 46.1 97.4 

Precipitation (in) 89.92 1.56 

Min 

0.0 

0.0 

-25.0 

Predominant wind direction was from the WSW sector, 

accounting for 20.0% of the possible winds 

Data Recovery 

Parameter Possible Reported Recovery 

(hours) (hours) 

Wind Speed 87648 81406 92.88% 

Wind Direction 87648 81406 92.88% 

Sigma-Theta 87648 78171 89.19% 

Temperature 87648 81376 92.84% 

Precipitation 87648 82827 94.50% 



Miscellaneous Open Issue No. 2
Demonstration that ACC data represents long-term meteorological conditions

July 27 2009 Teleconference

Open Issue discussion:

The applicant did not compare the 10 years of data from ACC to the longer term data
from ACC to demonstrate that the period of data used is representative of long-term
meteorological conditions in the site vicinity.

Answer:

A 24-year wind rose and Meteorology Data Summary have been provided to NRC for the
ACC site. The 24-year period represents data from when the site was installed through
October of 2009.

• 

Miscellaneous Open Issue No.2 
Demonstration that ACC data represents long-term meteorological conditions 

July 27 2009 Teleconference 

Open Issue discussion: 

The applicant did not compare the 10 years of data from ACC to the longer term data 
from ACC to demonstrate that the period of data used is representative of long-term 
meteorological conditions in the site vicinity. 

Answer: 

A 24~year wind rose and Meteorology Data Summary have been provided to NRC for the 
ACC site. The 24-year period represents data from when the site was installed through 
October of2009. 
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Antelope Mine

Meteorological Data Summary

1/1/1986 - 10/14/2009

Wind Speed (mph)

Sigma-Theta (°)

Temperature (F)

Precipitation (in)

Bar. Pressure (in Hg)

Hourly Data

Average/Total

11.0

14.8

46.1

238.73

25.3

Max

51.7

99.0

102.1

1.48

25.9

Min

0.0

0.0

-39.9

20.0

Predominant wind direction was from the W

accounting for 13.7% of the possible winds

sector,

Parameter

Wind Speed

Wind Direction

Sigma-Theta

Temperature

Precipitation

Bar. Pressure

Data Recovery

Possible Reported

(hours) (hours)

208512 183979

208512 184327

208512 182745

208512 195587

208512 195093

208512 67550

Recovery

88.23%

88.40%

87.64%

93.80%

93.56%

32.40%

Proposed Revisions to License Application

The 2 4-year wind rose and Meteorology Data Summary table will be added to the revised
Technical Report, Section 2.5.

(. 

Antelope Mine 

Meteorological Data Summary 

1/1/1986 - 10114/2009 

Hourl~ Data 

Average/Total Max 

Wind Speed (mph) 11.0 51.7 

Sigma-Theta n 14.8 99.0 

Temperature (F) 46.1 102.1 

Precipitation (in) 238.73 1.48 

Bar. Pressure (in Hg) 25.3 25.9 

Predominant wind direction was from the W 

accounting for 13.7% of the possible winds 

Data Recovery 

Parameter Possible Reported 

(hours) (hours) 

Wind Speed 208512 183979 

Wind Direction 208512 184327 

Sigma-Theta 208512 182745 

Temperature 208512 195587 

Precipitation 208512 195093 

Bar. Pressure 208512 67550 

Proposed Revisions to License Application 

sector. 

Min 

0.0 

0.0 

-39.9 

20.0 

Recovery 

88.23% 

88.40% 

87.64% 

93.80% 

93.56% 

32.40% 

The 24-year wind rose and Meteorology Data Summary table will be added to the revised 
Technical Report, Section 2.5. 



Miscellaneous Open Issue No. 3
Wind speed and direction data not consistent in Technical Report

July 27 2009 Teleconference

Open Issue discussion:

In Table 2.5-9 of the Technical Report, the applicant reports wind direction recovery as
45.25% for ACC. This is not consistent with the wind direction recovery data in Table
2.5-6. The staff notes that the wind direction recovery data is not consistent.

Answer:

Table 2.5-9 has been revises to reflect corrected wind data recovery percentages.

'. 

Miscellaneous Open Issue No.3 
Wind speed and direction data not consistent in Technical Report 

July 27 2009 Teleconference 

Open Issue discussion: 

In Table 2.5-9 of the Technical Report, the applicant reports wind direction recovery as 
45.25% for ACC. This is not consistent with the wind direction recovery data in Table 
2.5-6. The staff notes that the wind direction recovery data is not consistent. 

Answer: 

Table 2.5-9 has been revises to reflect corrected wind data recovery percentages. 



Proposed Revisions to License Application

Revised Table 2.5-9
Table 2.5-9 ACC Wind Summary

Antelope Mine

Wind Data Summary

11111997 - 12131/2006

Hourly Data

Wind Speed (mph)

Sigma Theta (0)

Wind Direction

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

Average
11.18

16.35

13.33

10.53

7.34

6.07

7.32

9.92

9.76

8.99

8.88

8.38

13.05

15.81

10.26

8.39

11.50

14.49

Max
50.60

82.00

47.32

39.25

37.61

27.41

28.30

33.86

35.52

33.57

32.30

36.90

42.54

50.60

37.90

37.40

45.10

43.50

Min

0.35

0.30

0.58

0.38

0.60

0.56

0.50

0.50

0.40

0.69

0.57

0.09

0.30

0.30

0.30

Predominant wind direction was from the W sector, accounting for 15.2%

of the winds, the average wind direction was 2760.

Data Recovery

Wind Speed

Sigma Theta

Wind Direction

Possible
(hours)
87648

87648

87648

Reported
(hours)
81938

81951

81951

Recovery

I 93.49%

93.50%

93.50% I
• 

Proposed Revisions to License Application 

Revised Table 2.5-9 
Table 2.5-9 ACC Wind Summary 

Antelope Mine 

Wind Data Summary 

1/1/1997 - 12131/2006 

Hourly Data 

Average 
Wind Speed (mph) 11.18 

Sigma Theta (D) 16.35 

Wind Direction 

N 13.33 

NNE 10.53 

NE 7.34 

ENE 6.07 

E 7.32 

ESE 9.92 

SE 9.76 

SSE 8.99 

S 8.88 

SSW 8.38 

SW 13.05 

WSW 15.81 

W 10.26 

WNW 8.39 

NW 11.50 

NNW 14.49 

Max 
50.60 

82.00 

47.32 

39.25 

37.61 

27.41 

28.30 

33.86 

35.52 

33.57 

32.30 

36.90 

42.54 

50.60 

37.90 

37.40 

45.10 

43.50 

Min 

0.35 

0.30 

0.58 

0.38 

0.60 

0.56 

0.50 

0.50 

0.40 

0.69 

0.57 

0.09 

0.30 

0.30 

0.30 

Predominant wind direction was from the W sector, accounting for 15.2% 
of the winds, the average wind direction was 276°. 

Data Recovery 

Possible Reported Recovery 
(hours) (hours) 

Wind Speed 87648 81938 93.49% 

Sigma Theta 87648 81951 93.50% 

Wind Direction 87648 81951 93.50% 



Miscellaneous Open Issue No. 4
No annual wind rose provided
July 27 2009 Teleconference

Open Issue discussion:

The applicant provides seasonal wind roses but did not provide an annual wind rose
summary.

Answer.

The 10 year annual wind rose for the ACC station is provided below.

Proposed Revisions to License Application

The 10 year annual wind rose for the ACC station will be added to Section 2.5 of the
revised Technical Report.

• 

Open Issue discussion: 

Miscellaneous Open Issue No. 4 
No annual wind rose provided 
July 27 2009 Teleconference 

The applicant provides seasonal wind roses but did not provide an annual wind rose 
summary. 

Answer: 

The 10 year annual wind rose for the ACC station is provided below. 

Proposed Revisions to License Application 

The 10 year annual wind rose for the ACC station will be added to Section 2.5 of the 
revised Technical Report. 
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Miscellaneous Open Issue No. 5
Mixing height data representative of the Moore Ranch site

July 27 2009 Teleconference

Open Issue discussion.

The applicant discussed three sources of inversion and mixing height data in the
Technical Report but did not propose a source of mixing height data that is representative
of the Moore Ranch site.

Answer:

As discussed with the NRC in the November 23, 2009 conference call, the Wyoming
WDEQ-AQD mixing heights will be utilized for all dispersion modeling. A commitment
to this fact will be made in Section 2.5.3.3 of the revised Technical Report.

Proposed Revisions to License Application

The italicized language at the end of the second paragraph in Section 2.5.3.3 will be
inserted in to the revised Technical Report.

2.5.3.3 Average Inversion and Mixing Layer Heights

The Air Quality Division of the Wyoming Department of Environmental Quality
(WDEQ-AQD) has provided statewide mixing heights to be used in dispersion
modeling with the Industrial Source Complex (ISC3) model. These are based on
the methods of Holsworth (1972) as applied to Lander, located in central
Wyoming. For modeling purposes, the annual average mixing heights are
assigned according to stability class as follows:

Class A 3,450 meters
Class B 2,300 meters
Class C 2,300 meters
Class D 2,300 meters
Class E 10,000 meters
Class F 10,000 meters

Stability classes E and F are given an arbitrarily high number to indicate the
absence of a distinct boundary in the upper atmosphere. Based on the exclusive use of
these numbers for air quality modeling by mines in the Powder River Basin, all
dispersion modeling will use the mixing heights provided by WDEQ-AQD.

• 

• 

• 

Miscellaneous Open Issue No.5 
Mixing height data representative of the Moore Ranch site 

July 27 2009 Teleconference 

Open Issue discussion: 

The applicant discussed three sources of inversion and mIxmg height data in the 
Technical Report but did not propose a source of mixing height data that is representative 
of the Moore Ranch site. 

Answer: 

As discussed with the NRC in the November 23, 2009 conference call, the Wyoming 
WDEQ-AQD mixing heights will be utilized for all dispersion modeling. A commitment 
to this fact will be made in Section 2.5.3.3 of the revised Technical Report. 

Proposed Revisions to License Application 

The italicized language at the end of the second paragraph in Section 2.5.3.3 will be 
inserted in to the revised Technical Report. 

2.5.3.3 Average Inversion and Mixing Layer Heights 

The Air Quality Division of the Wyoming Department of Environmental Quality 
(WDEQ-AQD) has provided statewide mixing heights to be used in dispersion 
modeling with the Industrial Source Complex (ISC3) model. These are based on 
the methods of Holsworth (1972) as applied to Lander, located in central 
Wyoming. For modeling purposes, the annual average mixing heights are 
assigned according to stability class as follows: 

Class A 
Class B 
Class C 
Class D 
Class E 
Class F 

3,450 meters 
2,300 meters 
2,300 meters 
2,300 meters 
10,000 meters 
10,000 meters 

Stability classes E and F are given an arbitrarily high number to indicate the 
absence of a distinct boundary in the upper atmosphere. Based on the exclusive use of 
these numbers for air quality modeling by mines in the Powder River Basin, all 
dispersion modeling will use the mixing heights provided by WDEQ-AQD. 



Miscellaneous Open Issue No. 6
Calibration of meteorological data collection system

July 27 2009 Teleconference

Open Issue discussion:

Regulatory Guide 3.63 states that the system should be calibrated at least semiannually to
ensure that the system accuracies in this guide are met. The applicant has not provided
sufficient information demonstrating that the meteorological system at the ACC site was
calibrated in accordance with Regulatory Guide 3.63.

Answer:

Information has been provided below to demonstrate that the ACC meteorological station
used in Section 2.5 of the Moore Ranch Technical Report was calibrated in accordance
with EPA guidance. A table is also provided comparing the EPA guidance criteria for
system accuracies with NRC RG 3.63 and IML Air Science.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this SER
Open Issue. Audit information for the ACC sites will be added to the revised Technical
Report as a new Addendum 2.5-A

Measurement System Accuracy Starting, Threshold
Variable EPA' NRC2  IML3  EPA1  NRC 2  IML3

+ 0.2 m/s for
speeds < 2 m/s; + 0.4 mph

+ (0.2 m/s + 10% for speeds (0.2 m/s) or
5% of between 2 and 1% of 0.5 m/s 0.5 m/s 0.9

Wind Speed observed) 22 m/s reading (1.0 mph) (1.0 mph) mph
± 30 0.5 m/s 0.5 m/s 1.0

Wind Direction ± 50 Azimuth + 50 Azimuth Azimuth (1.0 mph) (1.0 mph) mph

Ambient
Temperature ± 0.50 C (N/A) ± 0.50 C (N/A) (N/A) (N/A)

± 0.5% at
0.5

0.3 mm (0.01 0.25 mm (0.01 inch/hour
Precipitation inch) inch) rate (N/A) (N/A) (N/A)

1 - On-Site Meteorological Program Guidance For Regulatory Modeling Applications: EPA -450/4-87-
013: February 2000; Environmental Protection Agency
2 - Onsite Meteorological Measurement Program For Uranium Recovery Facilities - Data Acquisition

and Reporting; RG 3.63 - Task ES 401-4; March 1988
3 _ IML Air Science; Standard Operating Procedure For Meteorological Station Audit - SOP AIR-12

• 

• 

Miscellaneous Open Issue No.6 
Calibration of meteorological data collection system 

July 27 2009 Teleconference 

Open Issue discussion: 

Regulatory Guide 3.63 states that the system should be calibrated at least semiannually to 
ensure that the system accuracies in this guide are met. The applicant has not provided 
sufficient information demonstrating that the meteorological system at the ACC site was 
calibrated in accordance with Regulatory Guide 3.63. 

Answer: 

Information has been provided below to demonstrate that the ACC meteorological station 
used in Section 2.5 of the Moore Ranch Technical Report was calibrated in accordance 
with EPA guidance. A table is also provided comparing the EPA guidance criteria for 
system accuracies with NRC RG 3.63 and IML Air Science. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this SER 
Open Issue. Audit information for the ACC sites will be added to the revised Technical' 
Report as a new Addendum 2.5-A 

Measurement System Accuracy Starting Threshold 

Variable 
EPA1 NRC2 IML3 EPA1 NRC2 IML3 

± 0.2 mls for 
speeds < 2 m/s; ± 0.4 mph 

± (0.2 mls + 10% for speeds (0.2 m/s) or 
5% of between 2 and 1% of 0.5 mls 0.5 mls 0.9 

Wind Speed observed) 22 mls reading (1.0 mph) (1.0 mph) mph 

± 3° 0.5 mls 0.5 mls 1.0 
Wind Direction ± 5° Azimuth ± 5° Azimuth Azimuth (1.0 mph) (1.0 mph) mph 

Ambient 
Temperature ± 0.5° C (N/A) ± 0.5° C (N/A) (N/A) (N/A) 

± 0.5% at , 
0.5 

0.3 mm (0.01 0.25 mm (0.01 inchlhour 
Precipitation inch) inch) rate (N/A) (N/A) (N/A) 

1 _ On-Site Meteorological Program Guidance For Regulatory Modeling Applications: EPA -450/4-87-
013: February 2000; Environmental Protection Agency 
2 _ Onsite Meteorological Measurement Program For Uranium Recovery Facilities - Data Acquisition 
and Reporting; RG 3.63 - Task ES 401-4; March 1988 

3 -IML Air Science; Standard Operating Procedure For Meteorological Station Audit - SOP AIR-12 



Standard Operating Procedure
For

Meteorological Station Audit
SOP AIR-12

Procedural Section

1.0 Scope and Application

1.1 In 1970 the Clean Air Act (CAA) was signed into law. The CAA and its
amendments provide the framework for all pertinent organizations to protect air
quality. On July 18, 1997, in Federal Register: Vol. 62, No. 138, the United
States Environmental Protection Agency (EPA) revised the particulate matter
ambient air standards. Along with the establishment of the standard is the
requirement for a national monitoring network utilizing a filter-based method
adopted by EPA. The Antelope Mine is obligated to adopt the TSP and PM10
standards and establish a PM monitoring network.

1.2 This procedure applies to the following equipment: RM Young wind sensor, Met
One 12" tipping bucket precipitation device, Fenwal 107 temperature monitor,
Vaisala PTB 101 B barometric pressure sensor, and Campbell Scientific CR-10X
data logger, which are used in the Antelope Mine PM monitoring network.

1.3 The elements of this SOP are applicable for all sampling frequencies.

1.4 To ensure that the recorded meteorological data for wind speed, wind
direction, temperature, barometric pressure, and precipitation match
readings provided by known references, within acceptable limits.

2.0 Summary of Method

2.1 The Antelope Mine is responsible for the accuracy audit of their Meteorological
station. The actual procedure is performed by Division field personnel or
contracted.

2.2 The meteorological audit consists of checking current readings for all
parameters against reference values.

3.0 Health and Safety Warnings

3.1 General safety precautions related to electrical hazards must be observed at all
times when working with electronic equipment. Electrical receptacles and
equipment must be properly grounded. Use caution when servicing or operating
electrical equipment in wet conditions.

Procedural Section 

Standard Operating Procedure 
For 

Meteorological Station Audit 
SOP AIR-12 

1.0 Scope and Application 

1.1 In 1970 the Clean Air Act (CM) was signed into law. The CM and its 
amendments provide the framework for all pertinent organizations to protect air 
quality. On July 18, 1997, in Federal Register: Vol. 62, No. 138; the United 
States Environmental Protection Agency (EPA) revised the particulate matter 
ambient air standards. Along with the establishment of the standard is the 
requirement for a national monitoring network utilizing a filter-based method 
adopted by EPA. The Antelope Mine is obligated to adopt the TSP and PM,o 
standards and establish a PM monitoring network. 

1.2 This procedure applies to the following equipment: RM Young wind sensor, Met 
One 12" tipping bucket precipitation device, Fenwal1 07 temperature monitor, 
Vaisala PTB 101 B barometric pressure sensor, and Campbell Scientific CR-10X 
data logger, which are used in the Antelope Mine PM monitoring network. 

1.3 The elements of this SOP are applicable for all sampling frequencies. 

1.4 To ensure that the recorded meteorological data for wind speed, wind 
direction, temperature, barometric pressure, and precipitation match 
readings provided by known references, within acceptable limits. 

2.0 Summary of Method 

2.1 The Antelope Mine is responsible for the accuracy audit of their Meteorological 
station. The actual procedure is performed by Division field personnel or 
contracted. 

2.2 The meteorological audit consists of checking current readings for all 
parameters against reference values. 

3.0 Health and Safety Warnings 

3.1 General safety precautions related to electrical hazards must be observed at all 
times when working with electronic equipment. Electrical receptacles and 
equipment must be properly grounded. Use caution when servicing or operating 
electrical equipment in wet conditions. 



3.2 General precautions for working with heavy equipment and electro-mechanical
equipment should be taken.

4.0 Cautions

4.1 Damage to the instrument may result if caution is not taken to properly install and
maintain the device. Follow the manufacturer's instructions for maintenance of
all equipment and for safe, secure installation.

5.0 Personnel Qualifications

5.1 Persons performing this SOP must be familiar with the operation of
environmental measurement instrumentation.

5.2 Computer skills are necessary for programming the sampler and for
troubleshooting.

5.3 Familiarity with electronic and mechanical test equipment is required.

6.0 Equipment

6.1 Quartz-referenced wind speed motor, with adapters

6.2 Starting torque measurement disc and weights

6.3 NIST traceable thermometer

6.4 Two insulated containers (one with ice water and the other with hot water)

6.5 Engineer's transit

6.6 Class B pipette

6.7 Field data sheet

6.8 Miscellaneous tools

7.0 Meteorological Station Audit Procedure

7.1 Record the date, station ID, auditor(s), description of sensors, and note

• 

• 

3.2 General precautions for working with heavy equipment and electro-mechanical 
equipment should be taken. 

4.0 Cautions 

4.1 Damage to the instrument may result if caution is not taken to properly install and 
maintain the device. Follow the manufacturer'S instructions for maintenance of 
all equipment and for safe, secure installation. 

5.0 

5.1 

5.2 

5.3 

6.0 

6.1 

6.2 

6.3 

6.4 

6.5 

6.6 

6.7 

6.8 

7.0 

7.1 

Personnel Qualifications 

Persons performing this SOP must be familiar with the operation of 
environmental measurement instrumentation. 

Computer skills are necessary for programming the sampler and for 
troubleshooting. 

Familiarity with electronic and mechanical test equipment is required. 

Equipment 

Quartz-referenced wind speed motor, with adapters 

Starting torque measurement disc and weights 

NIST traceable thermometer 

Two insulated containers (one with ice water and the other with hot water) 

Engineer's transit 

Class B pipette 

Field data sheet 

Miscellaneous tools 

Meteorological Station Audit Procedure 

Record the date, station ID, auditor(s), description of sensors, and note 



any visible anomalies in the field log book. Check that the data logger is
displaying reasonable current readings.

7.2.1 Check the initial alignment of the wind direction sensor using the transit,
being sure to adjust for the local declination of 120 East.

7.3 Locate the reference, aspirated thermometer near the met station's
temperature sensor, allow each sensor to reach equilibrium and record
both readings.

7.4 Record the "time system off line", just before lowering the tower. Remove the
appropriate base mounting bolts, detach the guy wire perpendicular to the
base hinge, and carefully lower the tower.

7.5 Remove the anemometer propeller. Attach the propeller torque disc to the
shaft and record the starting torque in the counter-clockwise direction.

7.6 Attach the anemometer drive motor to the shaft and rotate at speeds
corresponding to approximately 3 mph, 9 mph, 30 mph, and 90 mph,
recording the motor speeds and wind speed readings from the data
logger.

7.7 Assess the linearity of the wind direction sensor by physically holding the
anemometer at 00, 90, 1800, and 270° recording the corresponding readings
from the data logger.

7.8 Immerse the reference thermometer and met station temperature sensor in an
ice bath. After the sensors have attained equilibrium, record the
measurements from both. Repeat the procedure for a warm water bath
(approximately 80F - 100 0F).

7.9 After all measurements on the tower have been taken, inspect the sensors
and all cables and mounting hardware. Repair or replace any damaged
components if indicated.

7.10 Make sure all cables and mounting hardware are sound and secure.
Carefully raise the tower, secure the base, and equalize the guy wire
tensions.

7.11 Using the pipette, admit water slowly into the inlet of the precipitation
gauge (as found, i.e. do not clean) until the bucket tips 10 times (0.1"
precipitation equivalent). Record the amount of water required for the 10
tips, and the amount registered on the data logger. Repeat the procedure two
more times. After the readings have been taken, clean the inlet, and perform
any indicated adjustments and/or repairs can be performed and noted. Note

• 

any visible anomalies in the field log book. Check that the data logger is 
displaying reasonable current readings. 

7.2.1 Check the initial alignment of the wind direction sensor using the transit, 
being sure to adjust for the local declination of 12° East. 

7.3 Locate the reference, aspirated thermometer near the met station's 
temperature sensor, allow each sensor to reach equilibrium and record 
both readings. 

7.4 Record the "time system off line", just before lowering the tower. Remove the 
appropriate base mounting bolts. detach the guy wire perpendicular to the 
base hinge, and carefully lower the tower. 

7.5 Remove the anemometer propeller. Attach the propeller torque disc to the 
shaft and record the starting torque in the counter-clockwise direction. 

7.6 Attach the anemometer drive motor to the shaft and rotate at speeds 
corresponding to approximately 3 mph, 9 mph, 30 mph, and 90 mph, 
recording the motor speeds and wind speed readings from the data 
logger. 

7.7 Assess the linearity of the wind direction sensor by physically holding the 
anemometer at 0°,90°, 180°, and 270°, recording the corresponding readings 
from the data logger. 

7.S Immerse the reference thermometer and met station temperature sensor in an 
ice bath. After the sensors have attained eqUilibrium, record the 
measurements from both. Repeat the procedure for a warm water bath 
(approximately SO"F - WooF). 

7.9 After all measurements on the tower have been taken. inspect the sensors 
and all cables and mounting hardware. Repair or replace any damaged 
components if indicated. 

7.10 Make sure all cables and mounting hardware are sound and secure. 
Carefully raise the tower, secure the base, and equalize the guy wire 
tensions. 

7 .11 Using the pipette, admit wate r slowly into the inlet of the precipitation 
gauge (as found, i.e. do notcleanjuntil the bucket tips 10 times (0.1" 
precipitation equivalent). Record the amount of water required for the 10 
tips, and the amount registered on the data logger. Repeat the procedure two 
more times. After the readings have been taken, clean the inlet, and perform 
any indicated adjustments and/or repairs can be performed and noted. Note 



the condition of the gauge prior to, and after the audit. If the ambient
temperature is cold enough, assess whether the heater is working.

7.12 Record any findings, repairs, replacements and any other anomalies in the
ffeld log book. Record the time the station was returned to normal
operating condition.

References

1. Quality Assurance Handbook for Air Pollution Measurement Systems:
Volume IV. Meteorological Measurements; EPA/60014-901003; August
1989; U.S. Environmental Protection Agency

2. Quality Assurance Handbook for Air Pollution Measurement Systems:
Volume V. Precipitation Measurement Systems; EPA/600NR-94/038e; April
1994; U.S. Environmental Protection Agency

3. On-Site Meteorological Program Guidance for Regulatory Modeling
Applications; EPA-450/4-87-013; June, 1987; U.S. Environmental
Protection Agency

4. Ambient Monitoring Guidelines for Prevention of Significant Deterioration
(PSD); EPA-450/4-87-007; May, 1987; U.S. Environmental Protection Agency

• 

• 

the condition of the gauge prior to, and after the audit. If the ambient 
temperature is cold enough, assess whether the heater is working. 

7.12 Record any findings, repairs, replacements and any other anomalies in the 
field log book. Record the time the station was returned to normal 
operating condition. 

References 

1. Quality Assurance Handbook for Air Pollution Measurement Systems: 
Volume IV. Meteorological Measurements; EPAl600/4-90/003; August 
1989; U.S. Environmental Protection Agency 

2. Quality Assurance Handbook for Air Pollution Measurement Systems: 
Volume V. Precipitation Measurement Systems; EPAl600lR-94f038e; April 
1994; U.S. Environmental Protection Agency 

3. On-Site Meteorological Program Guidance for Regulatory Modeling 
Applications; EPA-450/4·87 -013; June, 1987; U.S. Environmental 
Protection Agency 

4. Ambient Monitoring Guidelines for Prevention of Significant Deterioration 
(PSD); EPA-450/4-87-007; May, 1987; U.S. Environmental Protection Agency 
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Meteorological Station Audit/Calibration
Page 1 of2

Network:

Date: Auditors: DAS time off-line:

Notes; system as found:

Sensors

DAS: Temp/Asp:

Wind Speed: Wind Direction:

BarPres.: RH:

Pre dpltation:

System Audit

Wind Speed Wind Direction

starting torque gm-om starting torque

referfence DAS after adj. cow: cw: gm-cm
initial alignment:

0 rpm

rpm reference DAS after adj.

mph 360

rpm 060

mph 090

rpm 120

mph 1180

rpm 240

mph 270

300

Barometric Pressure Relative Humidity

-ref. ref. dry bulb reft RH

DAS ref. wet bulb DAS RH

• 

a dill.1on of Inter-Mountain I.1iboratories, Inc. 555 Absarnl<a, Sheridan, WY B2801 

Meteorological Station Audit/Calibration 

Page1of2 

Network: 

Date: Auditors: DAS time off-line: 

Notes; system as found: 

Sensors 

DAS: Temp/Asp: 

Wind Speed: Wind Direction: 

Bar. Pres.: RH: 

Predpltation: 

System Audit 
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Wind Speed Wind Direction 

starting torque gm-cm starting torque 

reference DAS after adj. ccw: ON: gm-cm 
Initial aJlgnment: 

0 Ipm 

Ipm reference DAS after adj. 

mph 360 

Ipm 060 

mph 090 

Ipm 120 

mph 180 

Ipm 240 

mph 270 

300 

Barometric Pressure 

rel.RH 

DASRH 
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DAS Year:

DAS Battery:

SM Battery OK?

Enclosure Humidity OK?

WS Channel:

WD Channel:

Ta Channel:
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RH Channel:

Pa Channel:

Batt. Channel:
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DAS year: __________ _ 
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Meteorological Station Audit Summary

Met Station: Belle Ayr Mine
Date: 19-Jul-06

Audit Performed By: S.Engel & KJahnke-IML Air Science

Sensor MtrJModel Reference Device
Wind Speed (WS): RM Young WM AO quartz referenced drive motor
Wind Direction (WD): RM Young WMAO transit, compass
Temperature (): Climatronlcs #2304, TS-lO motor aspirator Hg-In-glass thermometer, or t-couple
Precipitation (Ppt): Met One 12ttipping bucket lab grade burette
Barometric Pressure (BP) CS1 CS 105 aneroi barometer

Data amcsulsition system (DAS): CSI CR-IOx WA

Audit Results

Reference DAS Value l~ifferencel Sprecification
WS (mph)

WS start torque (9m-cm)

0.00
3.44
9.16
34.35
91.60

OK

0.00 0.00 0.45 (1)
3.44 0.00 0.62 (1)
9.16 0.00 0.91 (1)

34.25 o.o0 2.A7 (1)
91,60 o.o0 5.o0 ()

WA NIA 0.50 (3)

ND (degrees) 0.0
90.0
180.0
270.0

Temperature ('F) Icewaterbath 30.5
Warm water bath 66,8

Hot water bath 102.9

0.5 0.5
90.1 0.1
180.4 0.4
270.6 0.6

5.0 (1)
5.0 (1)
5.0 (1)
5.0 (1)

Precipitation (O.04"equiv.)

Barometric Pressure ("Hg)

73.1
71.8
72.4

25.36

20.1 0,44 0.9 (1)
66.3 0.48 0.9 (1)
102,7 0.20 0.9 (1)

74.0 0.9 7.4 (1)
74.0 22 7.4 (1)
74.0 1.6 7.4 (1)

30,21 4.85 0.09 (2)

BOLD diflerence values exceed performance specillcallons
[1)=- Performance specification listed In faciltles' Quality Assurance Project Plan

e2)= Prformance specification fisted In EPA Quality Assurance Manual for
Air Pollution Measurement Systems, Vol. IV, 1989

:3)- Manufacturees Specdfications

Notes, Recommendations
System taken off-one at 1019 MST - returned on-line at 1330 MST

New anemometer and temperature cables were instailed.

• 

• 

Meteorological Station Audit Summary 

Met Station: Belle Ayr Mine 
Date: 19-Jul"()6 

Audit Performed By: S.Engel & K.Jahnke-IML Air Science 

sensor 
Wind Sp9ed (WS): 
Wlnd Direction (W D): 

MfrJModel 
RM Young WM AO 
RMYoung WMAO 

Temperntum (I): 
Precipitation (PptJ: 

Cllmatronlcs #2304, TS-l0 motor aspirator 
Met One 12·tipplng bucket 

Barometric Pressure (BP) 
Data_llOQulsftion system (DAS): 

Audit Results 

WS(mph) 

WS start torqu. (gm-cm) 

WD(d&gr99.) 

Temperntum ('F) 100 wat"r bath 
Warm water bath 

Hot water bath 

Precipitation (0.04" equiv.) 

Baromatr/c Pressure ("Hg) 

CSICS 105 
CSICR-IOx 

Refemnoo 
0.00 
3.44 
9.16 

34.35 
91.60 
OK 

0.0 
90.0 
180.0 
270.0 

30.5 
66.8 
102.9 

73.1 

71.8 
72.4 

25.36 

DASValU9 
0.00 
3.44 
9.16 

34.35 
91.60 
N'A 

0.5 
90.1 
180.4 
270.6 

SO.1 
66.3 
102.7 

74.0 

74.0 
74.0 

30.21 

BOLD dlflerence yolues exceed performance specification. 

IDiff9mnooi 
0.00 
0.00 
0.00 
0.00 

0.00 
N'A 

0.5 
0.1 
0.4 
0.6 

0.44 
0.48 
0.2.0 

0.9 
22 
1.6 

US 

(1)= Performanco specificotlon listed In facilities' Quality Assurnnc" Project Plan 
(2)= Performanco specification listed In EPA Quality Assurance Manual for 

Air Pollution ~asur"ment System., Vol. rv, 1989 
(3)= Manulactumfs c1ficatlons 

Notes, Recommendations 
system taken off-fine at 1019 MST returned on-lina at 1330 MST 

New anemometer and temperature cables were installed . 

Reference Device 
quartz r"l"reneed drive motor 
transil, compass 
Hg-In-glass thermometer, or t-coupl. 
lab groo. bumtte 
an9roid barometer 

N'A 

S~ificatlon 
0.45 (1) 
0.62 (1) 
0.91 (1) 
2.17 (1) 

5.03 (1) 
0.50 (3) 

5.0 (1) 
5.0 (1) 
5.0 (1) 
5.0 (1) 

0.9 (1) 

0.9 (1) 
0.9 (1) 

7.4 (1) 

7.4 (1) 
7.4 (1) 

0.09 (2) 



METEOROLOGICAL STATION DETAILS

Antelope bin tower CR10X Logger

Parameter Instrument Range Accuracy Threshold

+0.4 mph or
Wind Speed RM Young 0-112 mph 1% of reading 0.9 mph
Wind Dir RM Young 0-3600 ±+30 1.0 mph

+0.5°C@
Temp CS 107 -35Q- 500C given Range

Temp: -200- +0.5% @ 0.5
Precip Met One 12" tip 500C in/hr rate

±0.5 mb @
Bar Press Vaisalla 600 -1060 mb 20t0C

Glenrock lom tower CR10 Logger

Parameter Instrument Range Accuracy Threshold

+0.4 mph or
Wind Speed RM Young 0-112 mph 1% of reading 0.9 mph
Wind Dir RM Young 0-360- ±30 1.0 mph

+0.5 C @
Temp F107 -35Q-500C givenRange

Temp:-20 0 - 0.5%0@0.5
Precip Met One 8" tip - 500C in/hr rate

• 
METEOROLOGICAL STATION DETAILS 

Antelol2e 10m tower CR10X Logger 

Parameter Instrument Range Accuracy Threshold 

±O.4 mph or 
Wind Speed RMYoung 0-112 mph 1% of reading 0.9 mph 
Wind Dir RMYoung 0-360° ±3° 1.0 mph 

±O.5°C@ 
Temp CS 107 -35°- 50°C given Range --

Temp: -20°- ±O.5%@0.5 
Precip Met One 12" Ii SO°C inlhr rate --

±O.S mb@ 
Bar Press Vaisalla 600 -1060 mb 20'C _. 

Glenrock 10m tower CR10 Logger 

Parameter Instrument Range Accuracy Threshold 

±O.4 mph or 
Wind Speed RM Young 0-112 mph 1 % of reading 0.9 mph 
Wind Dir RM Young 0-360° ±3° 1.0 mph 

• ±O.5°C@ 
Temp F107 -35 0

- 50°C given Range -. 
Temp: ·20°· ±0.5%@0.5 

Precip Met One 8" tip SO°C inlhr rate .. 

• 



Measurement System Accuracy Starting Threshold

Variable EPA1  NRC 2  IML3  EPA' NRC2 IML3

± 0.2 m/s for
speeds < 2 m/s;
10% for speeds + 0.4 mph

+ (0.2 m/s + 5% between 2 and 22 (0.2 m/s) or 0.5 m/s (1.0 0.5 mIs (1.0
Wind Speed of observed) m/s 1% of reading mph) mph) 0.9 mph

0.5 m/s (1.0 0.5 m/s (1.0
Wind Direction ± 50 Azimuth ± 50 Azimuth ± 30 Azimuth mph) mph) 1.0 mph

Ambient
Temperature ± 0.50 C (N/A) ± 0.50 C (N/A) (N/A) (N/A)

0.3 mm (0.01 0.25 mm (0.01 ± 0.5% at 0.5
Precipitation inch) inch) inch/hour rate (N/A) (N/A) (N/A)

- On-Site Meteorological Program Guidance For Regulatory Modeling Applications: EPA -450/4-87-013:

February 2000; Environmental Protection Agency
2 - Onsite Meteorological Measurement Program For Uranium Recovery Facilities - Data Acquision and

Reporting; RG 3.63 - Task ES 401-4; March 1988
3 _ IML Air Science; Standard Operating Procedure For Meteorological Satation Audit - SOP AIR-12

• 

• 

Measurement System Accuracy Starting Threshold 

Variable 
EPA1 NRC2 IML3 EPA1 NRC2 IML3 

± 0.2 mls for 
speeds < 2 m/s; 
10% for speeds ± 0.4 mph 

± (0.2 mls + 5% between 2 and 22 (0.2 m/s) or 0.5 mls (1.0 0.5 m/s (1.0 
Wind Speed of observed) mls 1 % of reading mph) mph) 0.9 mph 

0.5 m/s (1.0 0.5 m/s (1.0 
Wind Direction ± 5° Azimuth ± 5° Azimuth ± 3° Azimuth mph) mph) 1.0 mph 

Ambient 
Temperature ± 0.5° C (N/A) ± 0.5° C (N/A) (N/A) (N/A) 

0.3 mm (0.01 0.25 mm (0.01 ± 0.5% at 0.5 
Precipitation inch) inch) inchlhour rate (N/A) (N/A) (N/A) 

1 _ On-Site Meteorological Program Guidance For Regulatory Modeling Applications: EPA -450/4-87-013: 
February 2000; Environmental Protection Agency 
2 _ Onsite Meteorological Measurement Program For Uranium Recovery Facilities - Data Acquision and 
Reporting; RG 3.63 - Task ES 401-4; March 1988 

3 -IML Air Science; Standard Operating Procedure For Meteorological Satation Audit - SOP AIR-12 



HIGH PLAJOvs
SU R A J I U M

1718 Capitol Ave.
Cheyenne, WY 82001

August 28, 2006

Mr. Paul Michalak
United States Nuclear Regulatory Commission
Division of Fuel Cycle Safety and Safeguards
Mail Stop: T8F42
Washington, DC 20555-001

RE: Proposed Meteorological Study Plan for the Allemand Ross Project

-DearMr.Michalak, ". . .......

During the introductory meeting between High Plains Uranium, Inc. (HPU) and Nuclear Regulatory Commission (NRC)
staff members on August 22, 2006, HPU requested guidance on a proposed meteorological study plan for the Allemand
Ross Project (ARP) area. The NRC staff requested that HPU provide more detailed information regarding the
meteorological monitoring stations proposed for use with the plan. The request was made to ensure that the data collected
from the proposed monitoring stations would meet the acceptance criteria as outlined in Section 2.5, Meteorology of
NUREG-1569, "Standard Review Plan for In Situ Leach Uranium Extraction License Applications".

' Specifically, NUREG-1 569 states that the proposed monitoring stations should be set up according to Regulatory Guide
W3.63, "Onsite.Meteorological Measurement Program for Uranium Recovery Facilities - Data Acquisition and Reporting"

(NRC 1988). Regulatory Guide 3.63 details the meteorological data required to perform a site evaluation. HPU has
included correspondence dated August 25, 2006 from IML Air Science (author of the plan and operator of the stations)
detailing site specific information for the two meteorological monitoring stations proposed for the study plan. Data
collected over a three year period will be used from meteorological stations at the Antelope and Glenrock coal mines
located within 80-kilometers of the proposed ARP facility in the Powder River Basin. The ARP facility will not include a
tailings impoundment, therefore according to Section C of Regulatory Guide 3.63 the required parameters that need to be
monitored are wind direction, wind speed, and atmospheric stability for a minimum consecutive 12-month period.

HPU believes that the proposed meteorological stations meet all requirements of Regulatory Guide 3.63, including
• ..monitored parameters, instrument locations, system accuracies and maintenance and data recovery. Therefore, these

stations should be recognized as acceptable installations to provide appropriate baseline meteorological data for the
license application.

If you have any questions, please contact me at (307) 459-4128.

Sincerely,

Leland Huffman
ISL General Manager

encl
cc: Pat Lorello .

•Dan[ Wright

Mr. Paul Michalak 
United States Nuclear Regulatory Commission 
Division of Fuel Cycle Safety and Safeguards 
Mail Stop: T8F42 
Washington. DC 20555-001 

RE: Proposed Meteorological Study Plan for the Allemand Ross Project 

-" -Dear Mr. Miehalak. -- - --. .-

1718 Capitol Ave. 
Cheyenne. WY 82001 

August 28. 2006 

: ,.; 

During the introductory ~eeting between High Plains Uranium, Inc. (HPU) and Nuclear RJgulatory Commission (NRC) 
staff members on August 22, 2006, HPU requested guidance on a proposed meteorological study plan for the Allemand 
Ross Project (ARP) area. The NRC staff requested that HPU provide more detailed information regarding the 
meteorological monitoring stations proposed for use with the plan. The request was made to ensure that the data collected 
from the proposed monitoring stations would meet the acceptance criteria as outlined in Section 2.5, Meteorology of 
NURE~-IS6~, "Standard Review Plan for In Situ Leach Uranium Extraction License Applications" . 

• 
Specifically, NUREG-l 569 states that the proposed monitoring stations should be set up according to Regulatory Guide 
3.63, "Onsite .Meteorological Measurement Program for Uranium Recovery Facilities - Data Acquisition and Reporting" 
(NRC 1988). Regulatory Guide 3.63 details the meteorological data required to perform a site evaluation. HPU has 
included correspondence dated August 25, 2006 from IML Air Science (author of the plan and operator of the stations) 
detailing site specific information for the two meteorological monitoring stations proposed for the study plan. Data 
collected over a three year period will be used from meteorological stations at the Antelope and Glenrock coal mines 
located within 80-kilometers of the proposed ARP facility in the Powder River Basin. The ARP facility will not include a 
tailings impoundment, therefore according to Section C of Regulatory Guide 3.63 the required parameters that need to be 
monitored are wind direction, wind speed, and atmospheric stability for a minimum consecutive 12-month period. 

HPU believes that the proposed meteorological stations meet all requirements of Regulatory Guide 3.63, including 
... monitored parameters, instrument.locations,.system accuracies and maintenance and data recovery. Therefore, these 

stations should be recognized as acceptable installations to provide appropriate baseline meteorological data for the 
license application. 

If you have any questions, please contact me at (307) 459-4128. 

S1J:J ~ 
Leland Huffman 
ISL Gerie~.al Manager .. 

encl 
cc: Pat Lorello 

• . DaniWright 

. ", 
. . 

.... : .:; .. 
~ .. 
.I.!·.·· ... : .. 

. .. :,-' . ... 



IML Air Science
a division of Inter-Mountain Laboratories. Inc. I 1 1 " 555 Absaraka. Sheridan, WY 82801

August 25, 2006

Leland Huffman
General Manager
High Plains Uranium
1718 Capitol Ave.
Cheyenne, WY 82001

Re: Meteorological Data Plan

Dear Leland:

In response to your request, we have assembled site information, instrument data,
--quality assurance procedures and regulatory referencesto support the validity of

meteorological data collected and reported by IML Air Science. As I mentioned on the
phone, the data from the Antelope Mine, Glenrock Mine, and all of our monitoring sites
meet EPA criteria for quality assurance and for use in atmospheric dispersion modeling.
This encompasses tower siting, instrument procurement and acceptance testing,
instrument calibration and audits, data validation and data reporting.

We audit all of our met stations every other quarter, as stipulated in the QA guidance. A
detailed form and SOP are attached to show the procedure, the parameters audited and
the audit tolerances for each parameter. The most recent met audit, typical of all of our
sites, was performed for the Belle Ayr Mine (attached). Since the Antelope and
Glenrock mine sites have been proposed as surrogates for your project site, I've also
attached a tabular description of each of those stations.

All of the meteorological data acquired by IML Air Science are stored in a relational
database. Software validation supplemented by operator inspection, assures
reasonable values and continuity in the hourly average data. Data are summarized in
quarterly reports, which also include data recovery statistics and diagnosis of
invalidated records. Reports are read by the client as well as the state regulatory
authority. In some states (including Wyoming), the regulatory authority uploads these
meteorological d tatfthe riatibhal Air Qualit ystem (AQS) database.

We believe the' level of rigor associated with collecting and validating our meteorol6oicial
data is comparable, if not superior to National Weather Service standards. I

Please let me know if you need further information.

Sincerely,

Ronn Smith, P.E.

• 

• 

IML Air Science ~ 
-a~di~vi~sl-on-o~f~ln-te~r.M~o-u-nt~aln-L~a~bo-ra-to~ri~es-.~ln-c.--~rWI~------~55~5~A~bs-ar~ak~a-.~sh~e~rid~a-n.~W~Y~8~28~O~1 

August25,2006 

Leland Huffman 
General Manager 
High Plains Uranium 
1718 Capitol Ave. 
Cheyenne, WY 82001 

Re: Meteorological Data Plan 

Dear Leland: 

~. :S:P: -

In response to your request, we have assembled site information, instrument data, 
--quality assurance procedures and -regulatory references-to support the validity of 

meteorological data collected and reported by IML Air Science. As I mentioned on the 
phone, the data from the Antelope Mine, Glenrock Mine, and all of our monitoring sites 
meet EPA criteria for quality assurance and for use in atmospheric dispersion modeling. 
This encompasses tower siting, instrument procurement and acceptance testing, 
instrument calibration and audits, data validation and data reporting. 

We audit all of our met stations every other quarter, as stipulated in the QA guidance. A 
detailed form and SOP are attached to show the procedure, the parameters audited and 
the audit tolerances for each parameter. The most recent met audit, typical of all of our 
sites, was performed for the Belle Ayr Mine (attached). Since the Antelope and 
Glenrock mine sites have been proposed as surrogates for your project site, I've also 
attached a tabular description of each of those stations. 

All of the meteorological data acquired by IML Air Science are stored in a relational 
database. Software validation supplemented by operator inspection, assures 
reasonable values and continuity in the hourly average data. Data are summarized in 
quarterly reports, which also include data recovery statistics and diagnosis of 
invalidated records. Reports are read by the client as well as the state regulatory 
authority. In some states (includi~g Wyq!'!!!r"!g), tb~!.~g~l~t~ry authority uploads the?~ 
meteorologicalaata-tothe- national Air Quality System (AQS) database. 

We believe the
i 
level of rigor associated with collecting and validating our meteorol6~icaJ . 

data is compar~ble, if not superior to National Weather Service standards. '. I : 

Please let me know if you need further information. 

Sincerely, 

Ronn Smith, P.E . 



Standard Operating Procedure
For

Meteorological Station Audit
SOP AIR-12

Procedural Section

1.0 Scope and Application

1.1 In 1970 the Clean Air Act (CAA) was signed into law. The CAA and its
amendments provide the framework for all pertinent organizations to protect air
quality. On July 18, 1997, in Federal Register: Vol. 62, No. 138, the United
States Environmental Protection Agency (EPA) revised the particulate matter
ambient air standards. -Along with .the-establishment of the standard is the
requirement for a national monitoring network utilizing a filter-based method
adopted by EPA. The Antelope Mine is obligated to adopt the TSP and PMjo
standards and establish a PM monitoring network.

1.2 This procedure applies to the following equipment: RM Young wind sensor, Met
One 12" tipping bucket precipitation device, Fenwal 107 temperature monitor,
Vaisala PTB 101 B barometric pressure sensor, and Campbell Scientific CR-1 OX
data logger, which are used in the Antelope Mine PM monitoring network.

1.3 The elements of this SOP are applicable for all sampling frequencies.

1.4 To ensure that the recorded meteorological data for wind speed, wind
direction, temperature, barometric pressure, and precipitation match
readings provided by known references, within acceptable limits.

2.0 Summary of Method

2.1 The Antelope Mine is responsible for the accuracy audit of their Meteorological
station. The actual procedure is performed by'Division field personnel or
contracted.

2.2 The meteorological audit consists of checking current readings for all
parameters against reference values.

* 3.0 Health and Safety Warnings

3.1 General safety precautions related to electrical hazards must be observed at all
times when working with electronic equipment. Electrical receptacles and
equipment must be properly grounded. Use caution when servicing or operating
electrical equipment in wet conditions.

• 

• 

Standard Operating Procedure 
For 

Meteorological Station Audit 
SOP AIR~12 

Procedural Section 

1.0 Scope and Application 

1.1 In 1970 the Clean Air Act (CAA) was signed into law. The CAA and its 
amendments provide the framework for all pertinent organizations to protect air 
quality. On July 18, 1997, in Federal Register: Vol. 62, No. 138, the United 
States Environmental Protection Agency (EPA) revised the particulate matter 
ambient air standards. -Along with-the-establishment of the standard is the - . _. - -..... -_., --_.-
requirement for a national monitoring network utilizing a filter-based method 
adopted by EPA. The Antelope Mine is obligated to adopt the TSP and PM10 

standards and establish a PM monitoring network. 

1.2 This procedure applies to the following equipment: RM Young wind sensor, Met 
One 12" tipping bucket precipitation device, Fenwal1 07 temperature monitor, 
Vaisala PTB 101 B barometric pressure sensor, and Campbell Scientific CR-10X 
data logger, which are used in the Antelope Mine PM monitoring network .. 

1.3 The elements of this SOP are applicable for all sampling frequencies. 

1.4 To ensure that the recorded meteorological data for wind speed, wind 
direction, temperature, barometric pressure, and precipitation match 
readings provided by known references, within acceptable limits. 

2.0 Summary of Method 

2.1 

2.2 

The Antelope Mine is responsible for the accuracy audit of their Meteorological 
station. The actual procedure is performed byDivision field personnel or 
contracted. : . '. _ il . i ' ':: .. 

Th'e m¢teorological audit consists of checking current readings f~r all 
parameters against reference values. 

3.0 Health and Safety Warnings , 
3.1 :Ge~eral safety precautions related to electrical hazards must be observed at all 

times when working with electronic equipment. Electrical receptacles and 
equipment must be properly grounded. Use caution when servicing or operating 
electrical equipment in wet conditions . 



3.2 General precautions for working with heavy equipment and electro-mechanical
equipment should be taken.

4.0 Cautions

4.1 Damage to the instrument may result if caution is not taken to properly install and
maintain the device. Follow the manufacturer's instructions for maintenance of
all equipment and for safe, secure installation.

5.0 Personnel Qualifications

-5.1 Persons performing this SOP must be familiar with the operation of
environmental measurement instrumentation.

5.2 Computer skills are necessary for programming the sampler and for

troubleshooting.

5.3 Familiarity with electronic and mechanical test equipment is required.

6.0

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

7.0

7.1

Equipment

Quartz-referenced wind speed motor, with adapters

Starting torque measurement disc and weights

NIST traceable thermometer

Two insulated containers (one with ice water and the other with hot water)

Engineer's transit

Class B pipette .1

Field data sheet

Miscellaneous tools

Meteorological Station Audit Procedure

I il d c t of s, IRecord the date, station ID, auditorls); description of sensors, and note

-- .. - '.- -- . 

• 

• 

3.2 General precautions for working with heavy equipment and electro-mechanical 
equipment should be taken. 

4.0 Cautions 

4.1 Damage to the instrument may result if caution is not taken to properly install and 
maintain the device. Follow the manufacturer's instructions for maintenance of 
all equipment and for safe, secure installation. 

5.0 

'---5.1 . 

5.2 

5.3 

6.0 

6.1 

6.2 

6.3 

6.4 

6.5 

6.6 

6.7 

6.8 

7.0 

7.1 

Personnel Qualifications 

Persons performing this SOP must be familiar with the 'operation of 
environmental measurement instrumentation. 

Computer skills are necessary for programming the sampler and for 
troubleshooting. 

Familiarity with electronic and mechanical test equipment is required. 

Equipment 

Quartz-referenced wind speed motor, with adapters 

Starting torque measurement disc and weights 

NIST traceable thermometer 

Two insulated containers (one with ice water and the other with hot water) 

Engin~~r:~.!~~nsit _____ ............ ____ .. 

Class B pipette 

Field data sheet 

Miscellaneous tools 

.; 
" 

!, 
i 

Meteorological Station AUdii Pr~cedu~e i; '. i; . 
I i I I·! I:'; I I 

Record the date, station ID,' auditor(s); description of sensors, and note 



any visible anomalies in the field log book. Check that the data logger is
displaying reasonable current readings.

7.2.1 Check the initial alignment of the wind direction sensor using the transit,
being sure to adjust for the local declination of 120 East.

7.3 Locate the reference, aspirated thermometer near the met station's
temperature sensor, allow each sensor to reach equilibrium and record
both readings.

7.4 Record the "time system off line", just before lowering the tower. Remove the
appropriate base mounting bolts, detach the guy wire perpendicular to the
base hinge, and carefully lower the tower.

-7:5 Remove the anemometer prdpeller.-Attach thepropeller torque disc to the
shaft and record the starting torque in the counter-clockwise direction.

7.6 Attach the anemometer drive motor to the shaft and rotate at speeds
corresponding to approximately 3 mph, 9 mph, 30 mph, and 90 mph,
recording the motor speeds and wind speed readings from the data
logger.

7.7 Assess the linearity of the wind direction sensor by physically holding theS anemometer at 0°, 900, 1800, and 2701, recording the corresponding readings
from the data logger.

7.8 Immerse the reference thermometer and met station temperature sensor in an
ice bath. After the sensors have attained equilibrium, record the
measurements from both. Repeat the procedure for a warm water bath
(approximately 80 OF - 100 OF).

7.9 After all measurements on the tower have been taken, inspect the sensors
and all cables and mounting hardware. Repair or replace any damaged
components if indicated.

7.10 Make sure all cables and mounting hardware are sound and secure.
Carefully raise the tower, se6u'rel the base, and equalize the guy wiretensions.

7.11 Using the pipette, admit water slowly into the inlet of the precipitation
gauge (as found, Le. do not clean) until the bucket tips 10 times (0.1"
precipitation equivalent). Record the amount of water required for the 10 i
tips, and the amount registered on the data logg'er. Repeat the proceduretwo
more times. After the readings have been taken, clean the inlet, and perform
any indicated adjustments and/0r repairs can' 6 performed and noted. Note

• 

• 

• 

any visible anomalies in the field log book. Check that the data logger is 
displaying reasonable current readings. 

7.2.1 Check the initial alignment of the wind direction sensor using the transit, 
being sure to adjust for the local declination of 12° East. 

7.3 Locate the reference, aspirated thermometer near the met station's 
temperature sensor, allow each sensor to reach equilibrium and record 
both readings. 

7.4 Record the "time system off line", just before lowering the tower. Remove the 
appropriate base mounting bolts, detach the guy wire perpendicular to the 
base hinge, and carefully lower the tower. 

-.--- -7:5 Remove the anemometer prop·eller.~-Attach the-propeller torque disc to the 
shaft and record the starting torque in the counter-clockwise direction. 

7.6 Attach the anemometer drive motor to the shaft and rotate at speeds 
corresponding to approximately 3 mph, 9 mph, 30 mph, and 90 mph, 
recording the motor speeds and wind speed readings from the data 
logger. 

7.7 Assess the I!neafity of the wind direction sensor by physically holding the 
anemometer at 0°,90°, 180°, and 270°, recording the corresponding readings 
from the data logger. . 

7.8 Immerse the reference thermometer and met station temperature sensor in an 
ice bath. After the sensors have attained equilibrium, record the 
measurements from both. Repeat the procedure for a warm water bath 
(approximately 800f - 100°F). 

i 

7.9 After al\ measurements on the tower have been taken, inspect the sensors 
and all cables and mounting hardware. Repair or replace any damaged 
components if indicated. . . ... ,' . -- -'- ... " ...... _ ....... _ .... ,-.. ..- ..... -... .. '~" .. --.- ..... -

7.10 Make sure all cables and mounting hardware are sound and secure. 
Carefully rai~e the tower, secu're1he base, and equalize the guy wire 
tensions. -. . . . -' 

7.11 Using the pipette, admit water slowly into the inlet of the precipitation 
gauge (as found, i.e. do not clean) until the bycket tips :10 times (0.1" : 
precipitation equivalent). Record the amount of ;water required for the 1 0 ~ . 
tips, and the amount registered p~ the data 1999'er. Repeat the procedure'~wo . 
more times. Afterit~e 'readi~gs have;been taken; clean the: inlet, and perfo~m 
any indicated adjustments ~arid/dr' repairs: can' be performed and noted. Note 

., 



the condition of the gauge prior to, and after the audit. If the ambient
temperature is cold enough, assess whether the heater is working.

7.12 Record any findings, repairs, replacements and any other anomalies in the
field log book. Record the time the station was returned to normal
operating condition.

References

1. Quality Assurance Handbook for Air Pollution Measurement Systems:
Volume IV. Meteorological Measurements; EPA/600/4-90/003; August
1989; U.S. Environmental Protection Agency

2. -Quality Assurance -Hahdbbok-folr Air Pollution'Measuremeht Systems:
Volume V. Precipitation Measurement Systems; EPN600/R-94/038e; April
1994; U.S. Environmental Protection Agency

3. On-Site Meteorological Program Guidance for Regulatory Modeling
Applications; EPA-450/4-87-013; June, 1987; U.S. Environmental
Protection Agency

4. Ambient Monitoring Guidelines for Prevention of Significant Deterioration
(PSD); EPA-450/4-87-007; May, 1987; U.S. Environmental Protection Agency
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the condition of the gauge prior to, and after the audit. If the ambient 
temperature is cold enough, assess whether the heater is working. 

7.12 Record any findings, repairs, replacements and any other anomalies in the 
field log book. Record the time the station was returned to normal 
operating condition. ' 

References 

1. Quality Assurance Handbook for Air Pollution Measurement Systems: 
Volume IV. Meteorological Measurements; EPAl600/4-901003; August 
1989; U.S. Environmental Protection Agency 

"-,,-- '2. ' '-Quality Assurance'Handbbok-fo'r All" Pollution-Measurement Systems: 
Volume V. Precipitation Measurement Systems; EPAl600/R-94/038e; April 
1994; U.S. Environmental Protection Agency 

3. On-Site Meteorological Program Guidance for Regulatory Modeling 
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imAir .Science
a division of Inter-Mountain Laboratories, Inc. 555 Absaraka, Sheridan, WY 82801

Meteorological Station Audit/Calibration
Page 1 of 2

Network:

Date: Auditors: DAS time off-line:

Notes; system as found:

-Sensors ... .. ......

DAS: Temp/Asp:

Wind Speed: Wind Direction:

Oar. Pres.: RH:

Precipitation:

System Audit

Wind Speed Wind Direction

starting torque gm-cm

reference DAS after adj.

0 rpm

rpm

mph

rpm

mph

rpm

mph

rpm

mph __

starting torque

ccw: cw: gm-cm
initial alignment:

reference DAS after adj.

360

060
090

120

180

240

270

300 :

' 

II -i
1 I
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Meteorological Station Audit Summary

Met Station: Belle Ayr Mine
Date: 19-Jul-06

Audit Performed By: S.Engel & K.Jahnke--IML Air Science

Sensor Mfr./Model Reference Device
Wind Speed (WS): RM Young WM AQ quartz referenced drive motor
Wind Direction (WD): RM Young WM AO transit, compass
Temperature (T): Climatronics #2304, TS-1 0 motor aspirator Hg-In-glass thermometer, or t-couple
Precipitation (Ppt.): Met One 12" tipping bucket lab grade burette
Barometric Pressure (BP) CSI CS 105 aneroid barometer
Data acquisition system (DAS): CS1 CR-1 ox N/A

Audit Results:

Reference DAS Value IDifferencel Specification
WS (mph) 0.00 0.00 0.00 0.45 (1)

3.44 3.44 0.00 0.62 (1)
9.16 9.16 0.00 0.91 (1)
34.35 34.35 0.00 2.17 (1)
91.60 91.60 0.00 5.03 (1)

WS start torque (gm-cm) OK N/A N/A 0.50 (3)

WD (degrees) 0.0 0.5 0.5 5.0 (1)
90.0 90.1 0.1 5.0 (1)

180.0 180.4 0.4 5.0 (1)
270.0 270.6 0.6 5.0 (1)

Temperature (OF) Ice water bath 30.5 30.1 0.44 0.9 (1)
Warm water bath 66.8 66.3 0.48 0.9 (1)

Hot water bath 102.9 102.7 0.20 0.9 (1)

Precipitation (0.04" equiv.) 73.1 74.0 0.9 7.4 (1)
71.8 74.0 2.2 7.4 (1)
72.4 74.0 1.6 7.4 (1)

Barometric Pressure ('Hg) 25.36 30.21 4.85 0.09 (2)

BOLD difference values exceed performance specifications
(1)= Performance specification listed In facilities' Quality Assurance Project Plan
(2)= Performance specification listed In EPA Quality Assurance Manual for

Air Pollution Measurement Systems, Vol. IV, 1989
(3)= Manufacturer's Specifications

Notes, Recommendations

System taken off-line at 1019 MST -- returned on-line at 1330 MST
New anemometer and temperature; cables were installed.I i,i,.i

i i•] i
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Meteorological Station Audit Summary 

Met Station: Belle Ayr Mine 
Date: 19-Jul-06 

Audit Performed By: S.Engel & K.Jahnke--IMl Air Science 

Sensor 
Wind Speed (WS): 
Wind Direction (WD): 

Mfr.lModel 
RM Young WM AQ 
RM Young WM AQ 

Temperature (1): 
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Met One 12" tipping bucket 

Barometric Pressure (BP) CSI CS 105 
Data acquisition system (DAS): CSICR-l0x 

Audit Results:' 

Reference DASValue IDifferencel 
WS (mph) 0.00 0.00 0.00 

3.44 3.44 0.00 
9.16 9.16 0.00 
34.35 34.35 0.00 
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WS start torque (gm-cm) OK N/A N/A 
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Reference Device 
quartz referenced drive motor 
transit, compass 
Hg-In-glass thermometer, or t-couple 
lab grade burette 
aneroid barometer 
N/A 

Specification 
0.45 (1) 
0.62 (t) 
0.91 (1) 
2.17 (1) 
5.03 (1) 
0.50 (3) 

5.0 (1) 
5.0 (1) 

5.0 (1) 
5.0 (1) 

0.9 (1) 
0.9 (1) 
0.9 (1) 

7.4 (1) 
7.4 (1) 
7.4 (1) 

0.09 (2) 



METEOROLOGICAL STATION DETAILS

Antelope_ lOre tower CR1 OX Logger

Parameter Instrument Range Accuracy Threshold

±0.4 mph or
Wind Speed RM Young 0-112 mph 1% of reading 0.9 mph
Wind Dir RM Young 0-3600 ±3+c 1.0 mph

±0.5° C @
Temp CS 107 -35°-505C givenRange

Temp: -200- ±0.5% @ 0.5
Precip Met One 12" tip 500C in/hr rate

. .... _5mb @
Bar Press Vaisalla 600 -1060 mb 20cC

Glenrock 1Om toweri CR10 Logger

Parameter Instrument Range Accuracy Threshold

±0.4 mph or
Wind Speed RM Young 0-112 mph 1% of reading 0.9 mph
Wind Dir RM Young 0-3600 ±3c 1.0 mph

+±0.50C@
Temp F107 -35c- 50 0 C given Range --

Temp: -20o0 ±0.5% @ 0.5
Precip Met OneB" tip, 500C in/hr rate --

*1 * I

ii
'I *

METEOROLOGICAL STATION DETAILS 

Antelo~e 10m tower CR10X Logger 

Parameter Instrument Range Accuracy Threshold 

±0.4 mph or 
Wind Speed RM Young 0-112 mph 1 % of reading 0.9 mph 
Wind Oir RM Young 0-360° +3 C 1.0 mph 

±0.5°C@ 
Temp CS 107 -35°- 50° C Qiven Rarme --

Temp: -20° - ±0.5% @ 0.5 
Precip Met One 12" tip 50°C 

: 

in/hr rate --
:' I 

_. 
~ --' -. . '- .. ' - . .. '" --"-- . -' ·_·····±0;5 mb@' 

Bar Press Vaisalla 600 -1060 mb 200C --

Glenrock 10m toweri CR10 Logger 
I 

Parameter Instrument: Range Accuracy Threshold 

±0.4 mph or 
Wind Speed RM Young : 0-112 mph . 1 % of reading 0.9 mph 
Wind Oir RM Young 0-360° I ±3 c 1.0 mph 

±0.5°C@ 
Temp F107 -35°- 50°C given Range --
Precip Met OneS" tiP 

Temp: -20°-1 ±0.5%@ 0.5 
50° C in/hr rate --

: 
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IML Air Science _
a division of Inter-Mountain Laboratories, Inc. &" 6" 555 Absaraka, Sheridan, WY 82801

August 25, 2006

Leland Huffman
General Manager
High Plains Uranium
1718 Capitol Ave.
Cheyenne, WY 82001

Re: Meteorological Data Plan

Dear Leland:

In response to your request, we have assembled site information, instrument data,
quality assurance procedures and regulatory references to support the validity of
meteorological data collected and reported by IML Air Science. As I mentioned on the
phone, the data from the Antelope Mine, Glenrock Mine, and all of our monitoring sites
meet EPA criteria for quality assurance and for use in atmospheric dispersion modeling.
This encompasses tower siting, instrument procurement and acceptance testing,
instrument calibration and audits, data validation and data reporting.

We audit all of our met stations every other quarter, as stipulated in the QA guidance. A
detailed form and SOP are attached to show the procedure, the parameters audited and
the audit tolerances for each parameter. The most recent met audit, typical of all of our
sites, was performed for the Belle Ayr Mine (attached). Since the Antelope and
Glenrock mine sites have been proposed as surrogates for your project site, I've also
attached a tabular description of each of those stations.

All of the meteorological data acquired by IML Air Science are stored in a relational
database. Software validation supplemented by operator inspection, assures
reasonable values and continuity in the hourly average data. Data are summarized in
quarterly reports, which also include data recovery statistics and diagnosis of
invalidated records. Reports are read by the client as well as the state regulatory
authority. In some states (including Wyoming), the regulatory authority uploads these
meteorological data to the national Air Quality System (AQS) database.

We believe the level of rigor associated with collecting and validating our meteorological
data is comparable, if not superior to National Weather Service standards.

Please let me know if you need further information.

Sincerely,

Ronn Smith, P.E.

• 
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Standard Operating Procedure
For

Meteorological Station Audit
SOP AIR-12

Procedural Section

1.0 Scope and Application

1.1 In 1970 the Clean Air Act (CAA) was signed into law. The CAA and its
amendments provide the framework for all pertinent organizations to protect air
quality. On July 18, 1997, in Federal Register: Vol. 62, No. 138, the United
States Environmental Protection Agency (EPA) revised the particulate matter
ambient air standards. Along with the establishment of the standard is the
requirement for a national monitoring network utilizing a filter-based method
adopted by EPA. The Antelope Mine is obligated to adopt the TSP and PM 10
standards and establish a PM monitoring network.

1.2 This procedure applies to the following equipment: RM Young wind sensor, Met
One 12" tipping bucket precipitation device, Fenwal 107 temperature monitor,
Vaisala PTB 101 8 barometric pressure sensor, and Campbell Scientific CR-1 OX
data logger, which are used in the Antelope Mine PM monitoring network.

1.3 The elements of this SOP are applicable for all sampling frequencies.

1.4 To ensure that the recorded meteorological data for wind speed, wind
direction, temperature, barometric pressure, and precipitation match
readings provided by known references, within acceptable limits.

2.0 Summary of Method

2.1 The Antelope Mine is responsible for the accuracy audit of their Meteorological
station. The actual procedure is performed. by Division field personnel or
contracted.

2.2 The meteorological audit consists of checking current readings for all
parameters against reference values.

3.0 Health and Safety Warnings

3.1 General safety precautions related to electrical hazards must be observed at all
times when working with electronic equipment. Electrical receptacles and
equipment must be properly grounded. Use caution when servicing or operating
electrical equipment in wet conditions.

'. 
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One 12" tipping bucket precipitation device, Fenwal 107 temperature monitor, 
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2.0 Summary of Method 
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3.2 General precautions for working with heavy equipment and electro-mechanical
equipment should be taken.

4.0 Cautions

4.1 Damage to the instrument may result if caution is not taken to properly install and
maintain the device. Follow the manufacturer's instructions for maintenance of
all equipment and for safe, secure installation.

5.0 Personnel Qualifications

5.1 Persons performing this SOP must be familiar with the operation of
environmental measurement instrumentation.

5.2 Computer skills are necessary for programming the sampler and for
troubleshooting.

5.3 Familiarity with electronic and mechanical test equipment is required.

6.0 Equipment

6.1 Quartz-referenced wind speed motor, with adapters

6.2 Starting torque measurement disc and weights

6.3 NIST traceable thermometer

6.4 - Two insulated containers (one with ice water and the other with hot water)

6.5 Engineer's transit

6.6 Class B pipette

6.7 Field data sheet

6.8 Miscellaneous tools

7.0 Meteorological Station Audit Procedure

7.1 Record the date, station ID, auditor(s), description of sensors, and note

• 
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any visible anomalies in the field log book. Check that the data logger is
displaying reasonable current readings.

7.2.1 Check the initial alignment of the wind direction sensor using the transit,
being sure to adjust for the local declination of 120 East.

7.3 Locate the reference, aspirated thermometer near the met station's
temperature sensor, allow each sensor to reach equilibrium and record
both readings.

7.4 Record the "time system off line", just before lowering the tower. Remove the
appropriate base mounting bolts, detach the guy wire perpendicular to the
base hinge, and carefully lower the tower.

7.5 Remove the anemometer propeller. Attach the propeller torque disc to the
shaft and record the starting torque in the counter-clockwise direction.

7.6 Attach the anemometer drive motor to the shaft and rotate at speeds
corresponding to approximately 3 mph, 9 mph, 30 mph, and 90 mph,
recording the motor speeds and wind speed readings from the data
logger.

7.7 Assess the linearity of the wind direction sensor by physically holding the
anemometer at 00, 90') 180', and 270°, recording the corresponding readings
from the data logger.

7.8 Immerse the reference thermometer and met station temperature sensor in an
ice bath. After the sensors have attained equilibrium, record the
measurements from both. Repeat the procedure for a warm water bath
(approximately 80 IF - 100 TF).

7.9 After all measurements on the tower have been taken, inspect the sensors
and all cables and mounting hardware. Repair or replace any damaged
components if indicated.

7.10 Make sure all cables and mounting hardware are sound and secure.
Carefully raise the tower, secure the base, and equalize the guy wire
tensions.

7.11 Using the pipette, admit water slowly into the inlet of the precipitation
gauge (as found, i.e. do not clean) until the bucket tips 10 times (0.1"
precipitation equivalent). Record the amount of water required for the 10
tips, and the amount registered on the data logger. Repeat the procedure two
more times. After the readings have been taken, clean the inlet, and perform
any indicated adjustments and/or repairs can be performed and noted. Note
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7.6 Attach the anemometer drive motor to the shaft and rotate at speeds 
corresponding to approximately 3 mph, 9 mph, 30 mph, and 90 mph, 
recording the motor speeds and wind speed readings from the data 
logger. 
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the condition of the gauge prior to, and after the audit. If the ambient
temperature is cold enough, assess whether the heater is working.

7.12 Record any findings, repairs, replacements and any other anomalies in the
field log book. Record the time the station was returned to normal
operating condition.

References

1. Quality Assurance Handbook for Air Pollution Measurement Systems:
Volume IV. Meteorological Measurements; EPA/600/4-90/003; August
1989; U.S. Environmental Protection Agency

2. Quality Assurance Handbook for Air Pollution Measurement Systems:
Volume V. Precipitation Measurement Systems; EPA/600/R-94/038e; April
1994; U.S. Environmental Protection Agency

3. On-Site Meteorological Program Guidance for Regulatory Modeling
Applications; EPA-450/4-87-013; June, 1987; U.S. Environmental
Protection Agency

4. Ambient Monitoring Guidelines for Prevention of Significant Deterioration
(PSD); EPA-450/4-87-007; May, 1987; U.S. Environmental Protection Agency
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Meteorological Station Audit/Calibration
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Network:

Date: Auditors: DAS time off-line:

Notes; system as found:

Sensors

DAS: Temp/Asp:

Wind Speed: Wind Direction:

Bar. Pres.: RH:

Precipitation:

System Audit

Wind Speed Wind Direction

starting torque gm-cm starting torque

reference DAS after adj. ccw: cw: gm-cm
initial alignment:

0 rpm

rpm reference DAS after adj.

mph 360

rpm 060

mph 090

rpm 120

mph 180

rpm 240

mph 270

300

Barometric Pressure Relative Humidity

ref. ref. drybulb ref. RH

DAS ref. wet bulb DAS RH
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Meteorological Station Audit Summary

Met Station: Belle Ayr Mine
Date: 19-Jul-06

Audit Performed By: S.Engel & K.Jahnke--IML Air Science

Sensor Mfr./Model Reference Device
Wind Speed (WS): RM Young WM AQ quartz referenced drive motor
Wind Direction (WD): RM Young WM AQ transit, compass
Temperature (T): Climatronics #2304, TS-10 motor aspirator Hg-in-glass thermometer, or t-couple
Precipitation (Ppt.): Met One 12" tipping bucket lab grade burette
Barometric Pressure (BP) OSI CS 105 aneroid barometer
Data acquisition system (DAS): CSI CR-10x N/A

Audit Results

Reference DAS Value IDifferencel Specification
WS (mph) 0.00 0.00 0.00 0.45 (1)

3.44 3.44 0.00 0.62 (1)
9.16 9.16 0.00 0.91 (1)
34.35 34.35 0.00 2.17 (1)
91.60 91.60 0.00 5.03 (1)

WS start torque (gm-cm) OK N/A N/A 0.50 (3)

WD (degrees) 0.0 0.5 0.5 5.0 (1)
90.0 90.1 0.1 5.0 (1)

180.0 180.4 0.4 5.0 (1)
270.0 270.6 0.6 5.0 (1)

Temperature (*F) Ice water bath 30.5 30.1 0.44 0.9 (1)
Warm water bath 66.8 66.3 0.48 0.9 (1)

Hot water bath 102.9 102.7 0.20 0.9 (1)

Precipitation (0.04" equiv.) 73.1 74.0 0.9 7.4 (1)
71.8 74.0 2.2 7.4 (1)
72.4 74.0 1.6 7.4 (1)

Barometric Pressure ("Hg) 25.36 30.21 4.85 0.09 (2)

BOLD difference values exceed performance specifications
(1)= Performance specification listed in facilities' Quality Assurance Project Plan
(2)= Performance specification listed In EPA Quality Assurance Manual for

Air Pollution Measurement Systems, Vol. IV, 1989
(3)= Manufacturer's Specifications

Notes, Recommendations
System taken off-line at 1019 MST -- returned on-line at 1330 MST

New anemometer and temperature cables were installed. 1

• 

• 
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quartz referenced drive motor 
transit, compass 
Hg-in-glass thermometer, or t-couple 
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0.45 (1 ) 
0.62 (1 ) 
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2.17 (1 ) 

5.03 (1) 
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5.0 (1 ) 
5.0 (1) 
5.0 (1 ) 
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0.9 (1) 
0.9 (1) 
0.9 (1) 

7.4 (1) 
7.4 (1) 
7.4 (1 ) 

0.09 (2) 



-METEOROLOGICAL STATION DETAILS

Antelope 10m tower CR1 OX Logger

Parameter Instrument Range Accuracy Threshold

±0.4 mph or
Wind Speed RM Young 0-112mph 1%of reading 0.9 mph
Wind Dir RM Young 0-3600 ±3_0 1.0 mph

±0.50 C @
Temp CS 107 -350.- 500C given Range

Temp: -200 - ±0.5% @ 0.5
Precip Met One 12" tip 500C in/hr rate

±0.5 mb @
Bar Press Vaisalla 600 -1060 mb 200 C

Glenrock 1Om tower CR10 Logger

Parameter Instrument Range Accuracy Threshold

+0.4 mph or
Wind Speed RM Young 0-112 mph 1% of reading 0.9 mph
Wind Dir RM Young 0-3600 ±30 1.0 mph

±0.50 C @
Temp F107 -350-. 500C given Range

Temp: -200- ±0.5% @ 0.5
Precip Met One 8" tip I 500C in/hr rate I

METEOROLOGICAL STATION DETAILS 

Anteloge 10m tower CR10X Logger 

Parameter Instrument Range Accuracy Threshold 

±0.4 mph or 
Wind Speed RM Young 0-112 mph 1 % of reading 0.9 mph 
Wind Dir RM Young 0-360° ±3° 1.0 mph 

±0.5°G @ 
Temp GS 107 -35°- 50° G given Range --

Temp: -20°- ±0.5%@0.5 
Precip Met One 12" tip 50 0G in/hr rate --

±0.5 mb@ 
Bar Press Vaisalla 600 -1060 mb 200G --

Glenrock 10m tower CR10 Logger 

Parameter Instrument Range Accuracy Threshold 

±0.4 mph or 
Wind Speed RM Young 0-112 mph 1% of reading 0.9 mph 
Wind Dir RM Young 0-360° ±3° 1.0 mph 

±0.5°G@ 
Temp F107 -35°- 50° G given Range --

Temp: -20°- ±0.5%@0.5 
Precip Met One 8" tip 50 0G in/hr rate --

• 



Miscellaneous Open Issue No. 7
Adequacy of monitoring well ring

July 27 2009 Teleconference

Open Issue discussion:

Uranium One used groundwater modeling of the ore zone "70 sand" unconfined aquifer
to show hydraulic communication between the wellfield and the monitoring ring wells
located 500 feet away and 500 feet apart. This communication will be verified by field
pumping tests. NRC staff notes that although hydraulic communication with the well ring
may be established, this does not confirm that the well spacing is sufficient to detect an
excursion. Given the small radial extent of the cone of depression developed in extraction
wells in the unconfined aquifer (potentially less than 100 ft at extraction rate limits), it is
possible that an excursion could pass undetected between the monitoring wells located
500 feet apart. Uranium One is requested to provide evidence that this spacing is
sufficient to detect an excursion in the "70 sand" unconfined aquifer.

Answer:

A numerical groundwater flow model was previously submitted to the NRC to address
issues related to hydraulic stresses on the production zone aquifer during typical
production and restoration operations (Numerical Modeling of Groundwater Conditions
Related to Insitu Recovery at the Moore Ranch Uranium Project, Wyoming, Petrotek,
2008). That same numerical model was used to simulate an excursion recovery
simulation and to demonstrate that a 500-foot monitor well ring spacing was adequate for
detection of an excursion. The simulations is described in revised Addendum 5.7.A

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this Open
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

See Addendum 5.7.A

I,. 

Open Issue discussion: 

Miscellaneous Open Issue No.7 
Adequacy of monitoring well ring 

July 27 2009 Teleconference 

Uranium One used groundwater modeling of the ore zone "70 sand" unconfined aquifer 
to show hydraulic communication between the wellfield and the monitoring ring wells 
located 500 feet away and 500 feet apart. This communication will be verified by field 
pumping tests. NRC staff notes that although hydraulic communication with the well ring 
may be established, this does not confirm that the well spacing is sufficient to detect an 
excursion. Given the small radial extent of the cone of depression developed in extraction 
wells in the unconfined aquifer (potentially less than 100 ft at extraction rate limits), it is 
possible that an excursion could pass undetected between the monitoring wells located 
500 feet apart. Uranium One is requested to provide evidence that this spacing is 
sufficient to detect an excursion in the "70 sand" unconfined aquifer. 

Answer: 

A numerical groundwater flow model was previously submitted to the NRC to address 
issues related to hydraulic stresses on the production zone aquifer during typical 
production and restoration operations (Numerical Modeling of Groundwater Conditions 
Related to Insitu Recovery at the Moore Ranch Uranium Project, Wyoming, Petrotek, 
2008). That same numerical model was used to simulate an excursion recovery 
simulation and to demonstrate that a 500-foot monitor well ring spacing was adequate for 
detection of an excursion. The simulations is described in revised Addendum 5.7.A 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this Open 
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 

See Addendum 5.7.A 



Miscellaneous Open Issue No. 8
Qualifications of non-RSO personnel to conduct inspections

July 27 2009 Teleconference

Open Issue discussion:

Applicant states that the RSO, Radiation Safety Technician, or a qualified designee will
conduct a daily walkthrough inspection of the plant. The applicant does not define how it
will determine the qualified designee.

Answer:

The response to this Open Issue is similar to the response to Radiological Open Issue No.
20 from the July 27, 2009 teleconference. In general, the RSO or radiation safety staff
will perform all of the daily walkthrough inspections of the plant. However, this can
prove problematic on weekends because the RSO and radiation safety staff are typically
on site during regular working hours. To address weekend inspection, it has been industry
practice to train selected individuals (usually the plant operator) to perform the weekend
daily walkthrough inspections. In order to accomplish this, in addition to their training as
radiation workers in accordance with guidance in Regulatory Guide 8.31, section 2.5,
Radiation Safety Training, these individuals receive specific training for inspections for
radiological safety. This training includes specific procedural requirements contained in
Standard Operating Procedures and related documentation of inspections. A checklist
will be prepared by the RSO which will provide a "tool" for the designated worker's use
to maintain consistency and continuity of this function. Training is documented in the
individual's training records. The records of this training and the results of daily
walkthrough inspections have been inspected by NRC at current licensees and found to
be acceptable.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this Open
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

5.3.1.1 Daily Inspections

The RSO, RST or a qualified designee will conduct a daily walkthrough
inspection of the plant. Generally, the RSO or RST will always perform the daily
walkthrough inspection when they are on shift. A qualified designee (e.g., the
plant operator) may be trained to perform the daily walkthrough inspections on
the weekends. Qualified designees will receive specific training for conducting
daily inspections from the RSO. This training will include specific procedural
requirements contained in Standard Operating Procedures and related
documentation of inspections. Any significant radiological hazards noted during
these inspections will be reported immediately to the RSO. Training will be

• 
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documented in the individual's training records and available for inspection by
NRC. The inspection will entail a visual examination of compliance or other
problems, which will reviewed with the Manager, Wyoming Operations.
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NRC. The inspection will entail a visual examination of compliance or other 
problems, which will reviewed with the Manager, Wyoming Operations. 



Miscellaneous Open Issue No. 9
Qualification of QA personnel
July 27 2009 Teleconference

Open Issue discussion:

Uranium One stated the Senior Environmental Specialist (SES) will manage the majority
of QA/QC activities and report directly to this manager. The QA plan did not indicate if
the SES would be located on the specific site. The SES was not listed as a key site person
in the corporate and site management structure at Moore Ranch. As the SES is identified
in this plan as the person responsible for almost all QA activities in the field and
laboratory, his or her placement in the organization is requested. The applicant stated that
QA staff will perform independent assessments of environmental monitoring activities
and will be qualified as lead assessors. The applicant did not describe how this
qualification would be attained.

Answer:

The duties of the Senior Environmental Specialist (SES) in oversight of the QA/QC
activities have been assigned to the Radiation Safety Officer (RSO). The RSO will report
directly to the Mine Manager and will coordinate responsibilities with the Manager of
Environmental and Regulatory Affairs, Wyoming.

Independent assessments of environmental monitoring activities will be performed by
personnel qualified through work experience, education background or combination of
experience and education. These QA audits may be conducted by site supervisory
personnel experienced with the QA process, the RSO, the Director of Environmental and
Regulatory Affairs or an outside auditing service.

Addendum 5-A of the Technical Report will be revised to reflect this change and
submitted as a revision to the Technical Report to the USNRC.

Proposed Revisions to License Application

Addendum 5-A, Wyoming ISR Operations Quality Assurance Plan, of the license
application will be revised in response to this Open Issue. Changes to the original text as
submitted to NRC are noted in red-line/strikeout method.

• 

• 
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Policy and Signature Page

Uranium One Americas is committed to establishing, maintaining, and implementing an
effective Quality Assurance program that achieves quality in all activities through
planning, performing, assessing, and continually improving the process.

The achievement of quality is an interdisciplinary function led by management and is the
responsibility of all personnel. Work is accomplished through the resources of people,
equipment, and procedures. Managers are responsible for ensuring that people have the
information, resources, and support necessary to complete the work in a safe, efficient,
and quality manner. All work performed by Uranium One Americas at Wyoming In Situ
Recovery (ISR) sites must comply with the requirements of this Quality Assurance
Project Plan.

Prepared By: Date:
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1 INTRODUCTION

This Quality Assurance Plan is applicable to the environmental monitoring program
implemented by Uranium One Americas at Wyoming ISR sites. The plan provides the
quality requirements for field collection of samples and the subsequent analysis of those
samples at a laboratory.

2 QUALITY PLAN REVIEW, REVISION AND DISTRIBUTION

This Quality Assurance Plan will be reviewed by affected project managers in accordance
with the company policy for controlled documents. Revisions will be made at the
direction of the Manager of Environmental and Regulatory Affairs, Wyoming to reflect
changes in work scope, organizational interfaces or new regulatory requirements. This
plan will be reviewed annually to ensure the content is valid and applicable to monitoring
activities. Revisions to this plan will require approvals at the same level as the original
document. At a minimum, copies of this QA Plan shall be available to all affected
employees and support organizations.

3 REGULATORY REQUIREMENTS

This Quality Assurance Plan is designed to incorporate quality assurance/quality control
requirements and guidance the following regulatory references:

- USNRC Regulatory Guide 4.14, Radiological Effluent and Environmental Monitoring
at Uranium Mills, Revision 1, April 1980.

- USNRC Regulatory Guide 4.15, Quality Assurance for Radiological Monitoring
Programs (Normal Operations) - Effluent Steams and the Environment, Revision 1,
February 1979.

4 ORGANIZATION

Administration of the environmental monitoring programs in Wyoming is assigned to the
Manager of Environmental and Regulatory Affairs, Wyoming. The Manager may
delegate the day-to-day implementation of the environmental monitoring program to
other EMC employees or to outside contractors, but he may not delegate the ultimate
responsibility. Such assignment shall be in writing.

Key positions within the Uranium One Americas management system include:
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This Quality Assurance Plan is applicable to the environmental monitoring program 
implemented by Uranium One Americas at Wyoming ISR sites. The plan provides the 
quality requirements for field collection of samples and the subsequent analysis of those 
samples at a laboratory. 

2 QUALITY PLAN REVIEW, REVISION AND DISTRIBUTION 

This Quality Assurance Plan will be reviewed by affected project managers in accordance 
with the company policy for controlled documents. Revisions will be made at the 
direction of the Manager of Environmental and Regulatory Affairs, Wyoming to reflect 
changes in work scope, organizational interfaces or new regulatory requirements. This 
plan will be reviewed annually to ensure the content is valid and applicable to monitoring 
activities. Revisions to this plan will require approvals at the same level as the original 
document. At a minimum, copies of this QA Plan shall be available to all affected 
employees and support organizations. 

3 REGULATORY REQUIREMENTS 

This Quality Assurance Plan is designed to incorporate quality assurance/quality control 
requirements and guidance the following regulatory references: 

- USNRC Regulatory Guide 4.14, Radiological Effluent and Environmental Monitoring 
at Uranium Mills, Revision 1, April 1980. . 

- USNRC Regulatory Guide 4.15, Quality Assurance for Radiological Monitoring 
Programs (Normal Operations) - Effluent Steams and the Environment, Revision 1, 
February 1979. 

4 ORGANIZATION 
Administration of the environmental monitoring programs in Wyoming is assigned to the 
Manager of Environmental and Regulatory Affairs, Wyoming. The Manager may 
delegate the day-to-day implementation of the environmental monitoring program to 
other EMC employees or to outside contractors, but he may not delegate the ultimate 
responsibility. Such assignment shall be in writing. 

Key positions within the Uranium One Americas management system include: 
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Senior Vice President, ISR Operations - The Senior Vice President, ISR Operations has
responsibility for overall management of Wyoming operations for Uranium One
Americas. The Senior Vice President, ISR Operations reports to the Executive Vice
President, Uranium One Americas.

Director of Environmental and Regulatory Affairs - The Director of Environmental and
Regulatory Affairs has responsibility for preparation and oversight of environmental
monitoring programs for Uranium One Americas. The Director of Environmental and
Regulatory Affairs reports to the Executive Vice President, Uranium One Americas.

Mine Manager - The Mine Manager is responsible for all uranium production activity at
the project site. All site operations, maintenance, construction, environmental health and
safety, and support groups report directly to the Mine Manager. In addition to production
activities, the Mine Manager is also responsible for implementing any industrial and
radiation safety and environmental protection programs associated with operations.

Manager of Environmental and Regulatory Affairs, Wyoming - The Manager of
Environmental and Regulatory Affairs, Wyoming has responsibility for the overall
management of the environmental monitoring programs for Uranium One Americas. The
Manager of Environmental and Regulatory Affairs, Wyoming reports to the Senior Vice
President, ISR Operations.

Senior- Environpmental Specialist The Scnior- Eniviroeinmental Specialist has r-esponsibilit-y
fcr the day to day siupervisin of the cn-viroe- necntal m.oenitr• ing pr-e.gr.ams for, Ur-an•ium
One Amerieas. The Scnior .Entvir . ..nen.tal Speeialist r.eports to the Man.ager. o
Environmental and Regulatr.y Affairs, ^ ....... m .

Radiation Safety Officer - The Radiation Safety Officer has responsibility for the overall
management of the radiation safety program and the environmental monitoring programs
for Uranium One Americas including implementation of QA Program requirements
related to radiation safety and environmental programs. The Radiation Safety Officer
reports to the Mine Manager and will coordinate with the Manager of Environmental and
Regulatory Affairs, Wyoming.

5 QUALITY OBJECTIVES

Environmental data for the Wyoming ISR sites, derived through long-term monitoring
and data interpretation, will be of sufficient quantitative and qualitative value to
determine whether performance criteria are being met. The type and quality of data
provided to the appropriate regulatory agencies will be used to document the performance
of the uranium recovery operation and later attainment of reclamation and restoration
goals.
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Senior Vice President, ISR Operations - The Senior Vice President, ISR Operations has 
responsibility for overall management of Wyoming operations for Uranium One 
Americas. The Senior Vice President, ISR Operations reports to the Executive Vice 
President, Uranium One Americas. 

Director of Environmental and Regulatory Affairs - The Director of Environmental and 
Regulatory Affairs has responsibility for preparation and oversight of environmental 
monitoring programs for Uranium One Americas. The Director of Environmental and 
Regulatory Affairs reports to the Executive Vice President, Uranium One Americas. 

Mine Manager - The Mine Manager is responsible for all uranium production activity at 
the project site. All site operations, maintenance, construction, environmental health and 
safety, and support groups report directly to the Mine Manager. In addition to production 
activities, the Mine Manager is also responsible for implementing any industrial and 
radiation safety and environmental protection programs associated with operations. 

Manager of Environmental and Regulatory Affairs, Wyoming - The Manager of 
Environmental and Regulatory Affairs, Wyoming has responsibility for the overall 
management of the environmental monitoring programs for Uranium One Americas. The 
Manager of Environmental and Regulatory Affairs, Wyoming reports to the Senior Vice 
President, ISR Operations. 

Senior Environmental Specialist The Senior Environmental Specialist has responsibility 
for the day to day supervision of the environmental monitoring pro grams for Uranium 
One l\:mericas. The Senior Elwirorunental Specialist reports to the Manager of 
Environmental and Regulatory Affairs, Wyoming. 

Radiation Safety Officer - The Radiation Safety Officer has responsibility for the overall 
management of the radiation safety program and the environmental monitoring programs 
for Uranium One Americas including implementation of QA Program requirements 
related to radiation safety and environmental programs. The Radiation Safety Officer 
reports to the Mine Manager and will coordinate with the Manager of Environmental and 
Regulatory Affairs, Wyoming. 

5 QUALITY OBJECTIVES 

Environmental data for the Wyoming ISR sites, derived through long-term monitoring 
and data interpretation, will be of sufficient quantitative and qualitative value to 
determine whether performance criteria are being met. The type and quality of data 
provided to the appropriate regulatory agencies will be used to document the performance 
of the uranium recovery operation and later attainment of reclamation and restoration 
goals. 
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Monitoring strategy for sampling and analytical QA objectives for data include:

- Data will be of sufficient quality to withstand scientific and legal scrutiny.
- Data will be acquired in accordance with procedures appropriate for their intended use.
- Data will be of known accuracy and precision.
- Data will be complete, representative, and comparable.

5.1 Field Quality Objectives

The field and analytical methods chosen for use in completing the work are industry
standards and are consistent with accepted standards for conducting environmental
investigations.

5.2 Laboratory Quality Objectives

The quality of data generated by the analytical laboratory is dependent on method
precision, accuracy, and sensitivity and the basic nature of the analysis and type of
equipment used to perform an analysis. Precision is a measure of the reproducibility of an
analytical measurement, and accuracy is the difference between a measured value and a
true or known value. These considerations are dependent upon the sample matrix and
performance criteria, and method sensitivity may not be achieved in all sample matrices.

5.2.1 Precision

Precision is the agreement between a set of replicate measurements without assumption
about or knowledge of the true value. Precision is assessed on the basis of repetitive
measurements. Replicate field measurements of ground water are not needed because
they are sequentially recorded during well purging. Evaluations will be performed to
judge the precision of both field and laboratory measurement processes.

Duplicate sample analyses are used to monitor the overall precision that can be expected
for a particular environmental medium within an analytical sample batch. Requirements
for the collection frequency of QA samples will be specified in the site-specific
environmental planning document sample events.

In the laboratory, precision is a measure of reproducibility and may be determined by
repeated analysis of laboratory control samples (LCSs) or reference standards or by
duplicate analysis. The laboratory will demonstrate precision through analysis of
replicate standards and performance samples prior to analysis of investigative samples as
required by the particular analytical method.
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Monitoring strategy for sampling and analytical QA objectives for data include: 

- Data will be of sufficient quality to withstand scientific and legal scrutiny. 
- Data will be acquired in accordance with procedures appropriate for their intended use. 
- Data will be of known accuracy and precision. 
- Data will be complete, representative, and comparable. 

5.1 Field Quality Objectives 

The field and analytical methods chosen for use in completing the work are industry 
standards and are consistent with accepted standards for conducting environmental 
investigations. 

5.2 Laboratory Quality Objectives 

The quality of data generated by the analytical laboratory is dependent on method 
precision, accuracy, and sensitivity and the basic nature of the analysis and type of 
equipment used to perform an analysis. Precision is a measure of the reproducibility of an 
analytical measurement, and accuracy is the difference between a measured value and a 
true or known value. These considerations are dependent upon the sample matrix and 
performance criteria, and method sensitivity may not be achieved in all sample matrices. 

5.2.1 Precision 

Precision is the agreement between a set of replicate measurements without assumption 
about or knowledge of the true value. Precision is assessed on the basis of repetitive 
measurements. Replicate field measurements of ground water are not needed because 
they are sequentially recorded during well purging. Evaluations will be performed to 
judge the precision of both field and laboratory measurement processes. 

Duplicate sample analyses are used to monitor the overall precision that can be expected 
for a particular environmental medium within an analytical sample batch. Requirements 
for the collection frequency of QA samples will be specified in the site-specific 
environmental planning document sample events. 

In the laboratory, precision is a measure of reproducibility and may be determined by 
repeated analysis of laboratory control samples (LeSs) or reference standards or by 
duplicate analysis. The laboratory will demonstrate precision through analysis of 
replicate standards and performance samples prior to analysis of investigative samples as 
required by the particular analytical method. 
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5.2.2 Bias

Bias is the systematic or persistent distortion of a measurement process that causes errors
in one direction. The analytical laboratory will analyze reference materials to verify that
the analytical results are not biased. Calibration and operational checks of field
instruments will verify that no bias is present in field measurements.

5.2.3 Accuracy

Accuracy is the nearness of a measurement or the mean of a set of measurements, to the
true value and is usually expressed as the difference between the two values or the
difference as a percentage of true value.

It is not possible to directly assess accuracy of field measurements and water levels
because true values for these measurements are not known. To ensure accuracy of the
field data, instruments and equipment used in surveying, sampling, or obtaining the
measurements will be maintained and calibrated. Accuracy of surface water and ground
water field measurements is addressed indirectly through instrument checks and
calibrations, which will be documented in field logbooks or on field data sheets, as
appropriate.

Accuracy will be assessed for analytical data by examining the results obtained from
laboratory Quality Control (QC) samples. The primary means of determining the
accuracy of an analytical method is to compare the results of repeated measurements of
laboratory control samples and reference material with published known values. The
secondary method of accessing accuracy is to analyze matrix spike samples. Accuracy
requirements of routine analytical services are specified in the analytical methods.
Accuracy for each analysis will be stated as a percent recovery in laboratory analytical
reports.

5.2.4 Representativeness

Representativeness is generally ensured through the use of standard sampling protocols.
Representativeness will be accomplished:

* Through extensive sampling that includes implementation of field QA/QC procedures.

* By careful and informed selection of sampling sites, sampling depths, and analytical
parameters
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Bias is the systematic or persistent distortion of a measurement process that causes errors 
in one direction. The analytical laboratory will analyze reference materials to verify that 
the analytical results are not biased. Calibration and operational checks of field 
instruments will verify that no bias is present in field measurements. 

5.2.3 Accuracy 

Accuracy is the nearness of a measurement or the mean of a set of measurements, to the 
true value and is usuaUy expressed as the difference between the two values or the 
difference as a percentage of true value. 

It is not possible to directly assess accuracy of field measurements and water levels 
because true values for these measurements are not known. To ensure accuracy of the 
field data, instruments and equipment used in surveying, sampling, or obtaining the 
measurements will be maintained and calibrated. Accuracy of surface water and ground 
water field measurements is addressed indirectly through instrument checks and 
calibrations, which will be documented in field logbooks or on field data sheets, as 
appropriate. 

Accuracy will be assessed for analytical data by examining the results obtained from 
laboratory Quality Control CQC) samples. The primary means of determining the 
accuracy of an analytical method is to compare the results of repeated measurements of 
laboratory control samples and reference material with published known values. The 
secondary method of accessing accuracy is to analyze matrix spike samples. Accuracy 
requirements of routine analytical services are specified in the analytical methods. 
Accuracy for each analysis will be stated as a percent recovery in laboratory analytical 
reports. 

5.2.4 Representativeness 

Representativeness is generally ensured through the use of standard sampling protocols. 
Representativeness will be accomplished: 

• Through extensive sampling that includes implementation of field QAJQC procedures. 

• By careful and informed selection of sampling sites, sampling depths, and analytical 
parameters 
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• Through the proper collection and handling of samples to avoid interferences and to
minimize constituent loss

" By monitoring field activities to ensure procedure compliance and adherence to
sampling protocols

" By meeting sample care and custody requirements

5.2.5 Comparability

Comparability is the confidence with which one data set can be compared to another.
Comparability is ensured by employing approved sampling plans, standardized field
procedures, and experienced personnel using properly maintained and calibrated
instruments. In the laboratory, sample handling and preparation procedures, analytical
procedures, holding times, and QA protocols will be adhered to. All data in a particular
data set will be obtained by the same methods and will use consistent units for reportable
data. Prescribed QC procedures will be used to provide results of known quality. Data
will be grouped and evaluated according to similar sampling methods, sampling media,
and laboratory analytical methods.

5.2.6 Sensitivity

Sensitivity is the capability of a method or instrument to discriminate between
measurement responses representing different levels of the analyte of interest. An
evaluation of sensitivity is included in the analytical methods that are used to analyze
samples.

6 PERSONNEL AND TRAINING

6.1 Personnel Requirements

6.1.1 Training

Personnel will be qualified to perform their assigned job through meeting basic job
description requirements, education standards, experience, and ongoing performance
reviews. Training will be provided when needed to maintain proficiency; to adapt to new
technologies, equipment, or instruments; and to perform new assigned responsibilities.
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• Through the proper collection and handling of samples to avoid interferences and to 
minimize constituent loss 

• By monitoring field activities to ensure procedure compliance and adherence to. 
sampling protocols 

• By meeting sample care and custody requirements 

5.2.5 Comparability 

Comparability is the confidence with which one data set can be compared to another. 
Comparability is ensured by employing approved sampling plans, standardized field 
procedures, and experienced personnel using properly maintained and calibrated 
instruments. In the laboratory, sample handling and preparation procedures, analytical 
procedures, holding times, and QA protocols will be adhered to. All data in a particular 
data set will be obtained by the same methods and will use consistent units for reportable 
data. Prescribed QC procedures will be used to provide results of known quality. Data 
will be grouped and evaluated according to similar sampling methods, sampling media, 
and laboratory analytical methods. 

5.2.6 Sensitivity 

Sensitivity is the capability of a method or instrument to discriminate between 
measurement responses representing different levels of the analyte of interest. An 
evaluation of sensitivity is included in the analytical methods that are used to analyze 
samples. 

6 PERSONNEL AND TRAINING 

6.1 Personnel Requirements 

6.1.1 Training 

Personnel will be qualified to perform their assigned job through meeting basic job 
description requirements, education standards, experience, and ongoing performance 
reviews. Training will be provided when needed to maintain proficiency; to adapt to new 
technologies, equipment, or instruments; and to perform new assigned responsibilities . 
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The Senier• Environmental SpeeialistRS. is responsible for determining site-required
training and communicating the requirements to appropriate managers. Managers are
responsible for determining training needs of their staff. Personnel assigned to
environmental monitoring activities are responsible for ensuring that their required
training are documented and are maintained in a current status for their assignments. At a
minimum, individual training requirements will be reviewed annually and updated as
needed.

The Senior- E•ir..n.ental SpeeialistRSO is responsible for ensuring that personnel
assigned to environmental monitoring tasks are sufficiently familiar with the
implementing documents (e.g., plans, procedures, and drawings) and the requirements
established for environmental monitoring, sample collection, analysis, documenting and
reporting activities, and demonstrating proficiency.

The Seni.. .Enviro.mne.t.al S eeiali..RSO will ensure that personnel assigned to field
sampling activities can demonstrate proficiency when performing the work or that they
are properly supervised by a person who is proficient.

6.1.2 Certifications

QA staff that performs independent assessments of environmental monitoring activities
or management systems will be qualified as lead assessors.

Laboratories used for analysis of samples collected for characterization, compliance, or
other purposes will be required to pass an audit or be certified by the National
Environmental Laboratory Accreditation Conference (NELAC).

7 DATA GENERATION AND ACQUISITION

This section addresses aspects of the measurement system design and implementation to
ensure that appropriate methods for sampling, analysis, data handling, and QC are
employed and will be thoroughly documented.

7.1 Sampling Process Design

The data obtained through monitoring site conditions will be of sufficient quantity and
quality to achieve environmental monitoring objectives.

Monitoring procedures for the Wyoming ISR sites have been established. These
monitoring programs are designed to ensure that monitoring data would satisfy applicable

I Jtne .2..December 2009 QA Plan-8

r; 
ENERGVMETALS 

CORPORATION US 

ENERGY METALS CORPORATION US 
License Application, Technical Report 

Moore Ranch Uranium Project 
Quality Assurance Plan 

The Senior Environmental SpecialistRSO is responsible for determining site-required 
training and communicating the requirements to appropriate managers. Managers are 
responsible for determining training needs of their staff. Personnel assigned to 
environmental monitoring activities are responsible for ensuring that their required 
training are documented and are maintained in a current status for their assignments. At a 
minimum, individual training requirements will be reviewed annually and updated as 
needed. 

The Senior Environmental SpecialistRSO is responsible for ensuring that personnel 
assigned to environmental monitoring tasks are sufficiently familiar with the 
implementing documents (e.g., plans, procedures, and drawings) and the requirements 
established for environmental monitoring, sample collection, analysis, documenting and 
reporting activities, and demonstrating proficiency. 

The Senior Environmental SpecialistRSO will ensure that personnel assigned to field 
sampling activities can demonstrate proficiency when performing the work or that they 
are properly supervised by a person who is proficient. 

• 6.1.2 Certifications 

• 

QA staff that performs independent assessments of environmental monitoring activities 
or management systems will be qualified as lead assessors. 

Laboratories used for analysis of samples collected for characterization, compliance, or 
other purposes will be required to pass an audit or be certified by the National 
Environmental Laboratory Accreditation Conference (NELAC). 

7 DATA GENERATION AND ACQUISITION 

This section addresses aspects of the measurement system design and implementation to 
ensure that appropriate methods for sampling, analysis, data handling, and QC are 
employed and will be thoroughly documented. 

7.1 Sampling Process Design 

The data obtained through monitoring site conditions will be of sufficient quantity and 
quality to achieve environmental monitoring objectives. 

Monitoring procedures for the Wyoming ISR sites have been established. These 
monitoring programs are designed to ensure that monitoring data would satisfy applicable 
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regulations and would ensure that there were no unacceptable risks to human health or
the environment. The site-specific environmental monitoring plan defines the sample
locations and sampling frequency and determines the types of analyses that will be
conducted on the samples collected from these locations. The plans are reviewed every 5
years., anfd chainges tLe samplintg strategies may be proeposed en the basis of ana154ieal
res.ults, site . onditions, or. regu.l.atry r.equire•.ents.. Any updates to the monitoring plan
that would eliminate or modify monitoring parameters, locations, or frequencies specified
in the License Application will be made by license amendment. The RSO can initiate
changes to environmental monitoring plans that do not require a license amendment.
These changes will be managed as required by the Performance Based License
Condition.

7.2 Sampling Methods

Field measurements and sample collection will follow procedures attached to nationally
recognized consensus standards such as EPA methods, American Society for Testing and
Materials standards, or instrument manufacturer recommended procedures. Deviation
from approved procedures requires approval by the Sentito Environmental Speeiali-' RSO
before the start of work.

7.2.1 Sample Collection Procedures

Sampling procedures used at Wyoming ISR sites will be managed as controlled
documents and will be amended according to the requirements of this plan.

Procedures must be followed for documenting field activities and delivering the samples
to the laboratory. Procedures will identify the methods employed to obtain representative
field measurements and samples of specified media. The procedures will identify the
equipment, instruments, and sampling tools that are needed and, where appropriate,
performance criteria (e.g., special handling, operational checks, field calibrations) to
ensure the quality of the field data.

The Senior Envir..ii.ental Speeiali..RSO is responsible for ensuring that inspections,
operations and maintenance activities, field measurements, and specified samples are
properly documented, occur at the prescribed frequency and locations, and are obtained
in compliance with procedures and requirements specified in the project documents.
Daily QC checks and data reviews will ensure that requirements have been met. If field
conditions prevent inspections, required field measurements, and/or specified sample
collection, the conditions will be fully documented in the field book as a field variance.
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regulations and would ensure that there were no unacceptable risks to human health or 
the environment. The site-specific environmental monitoring plan defines the sample 
locations and sampling frequency and determines the types of analyses that will be 
conducted on the samples collected from these locations. The plans are reviewed every 5 
years.,., ffild changes to sampling strategies may be proposed on the basis of analytical 
results, site conditions, or regulatory requirements. Any updates to the monitoring plan 
that would eliminate or modify monitoring parameters, locations, or frequencies specified 
in the License Application will be made by license amendment. The RSO can initiate 
changes to environmental monitoring plans that do not require a license amendment. 
These changes will be managed as required by the Performance Based License 
Condition. 

7.2 Sampling Methods 

Field measurements and sample collection will follow procedures attached to nationally 
recognized consensus standards such as EPA methods, American Society for Testing and 
Materials standards, or instrument manufacturer recommended procedures. Deviation 
from approved procedures requires approval by the Senior Environmental SpecialistRSO 
before the start of work. 

7.2.1 Sample Collection Procedures 

Sampling procedures used at Wyoming ISR sites will be managed as controlled 
documents and will be amended according to the requirements of this plan. 

Procedures must be followed for documenting field activities and delivering the samples 
to the laboratory. Procedures will identify the methods employed to obtain representative 
field measurements and samples of specified media. The procedures will identify the 
equipment, instruments, and sampling tools that are needed and, where appropriate, 
performance criteria (e.g., special handling, operational checks, field calibrations) to 
ensure the quality of the field data. 

The Senior Environmental SpecialistRSO is responsible for ensuring that inspections, 
operations and maintenance activities, field measurements, and specified samples are 
properly documented, occur at the prescribed frequency and locations, and are obtained 
in compliance with procedures and requirements specified in the project documents. 
Daily QC checks and data reviews will ensure that requirements have been met. If field 
conditions prevent inspections, required field measurements, and/or specified sample 
collection, the conditions will be fully documented in the field book as a field variance . 
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7.2.2 Field Measurements and Sampling Methods

Field measurements and sampling schedules are summarized in the environmental
monitoring procedures. The data obtained through these activities will be used to monitor
compliance with performance requirements. Field procedures used in well inspections,
field measurements, sample collection methods, field data, equipment and supplies
applicable to the field activities, sample preservation requirements, and QC sample
requirements are described in the environmental monitoring procedures.

7.3 Preparation and Decontamination Requirements for Sampling Equipment

7.3.1 Requirements for Sample Containers, Preservation, and Holding Times

Nondedicated equipment used in obtaining samples will be visually inspected and
cleaned before use at each sample location. Measures will be taken (e.g., storage in trays,
plastic bags, or boxes) to protect clean or decontaminated equipment while it is not being
used. Sample containers will be inspected for integrity and cleanliness before being used.
Suspect containers will be discarded in a manner that will preclude their inadvertent use,
or they will be tagged and segregated for return to the supplier.

7.3.2 Container Requirements

Sample containers will be will be provided by the analytical laboratory or purchased. fte
ef-f e .eleaned. Containers will be of an adequate size to contain the required sample
volume and of an approved material (e.g., amber/clear glass or HDPE) that does not
promote sample degradation. As appropriate, supplier provided certificates of cleanliness
will be retained with the project documentation.

Water samples collected for analysis will be filled to near 90 percent of capacity to allow
for expansion.

7.3.3 Preservation and Holding Times

Efforts to preserve the integrity of the samples through prescribed chemical additives
and/or temperature-controlled storage will be maintained as appropriate from the time the
containers are received, throughout the sample collection and shipping process, and will
continue until all analyses are performed. Procedures that will be employed to collect and
preserve the integrity of the samples are described in the procedures. Holding times begin
at the time the sample is collected, not when the sample is received by the laboratory.
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7.2.2 Field Measurements and Sampling Methods 

Field measurements and sampling schedules are summarized in the environmental 
monitoring procedures. The data obtained through these activities will be used to monitor 
compliance with performance requirements. Field procedures used in well inspections, 
field measurements, sample collection methods, field data, equipment and supplies 
applicable to the field activities, sample preservation requirements, and QC sample 
requirements are described in the environmental monitoring procedures. 

7.3 Preparation and Decontamination Requirements for Sampling Equipment 

7.3.1 Requirements for Sample Containers, Preservation, and Holding Times 

Nondedicated equipment used in obtaining samples will be visually inspected and 
cleaned before use at each sample location. Measures will be taken (e.g., storage in trays, 
plastic bags, or boxes) to protect clean or decontaminated equipment while it is not being 
used. Sample containers will be inspected for integrity and cleanliness before being used. 
Suspect containers will be discarded in a manner that will preclude their inadvertent use, 
or they will be tagged and segregated for return to the supplier. 

7.3.2 Container Requirements 

Sample containers will be will be provided by the analytical laboratory or purchased. fleW 

or pre cleaned. Containers will be of an adequate size to contain the required sample 
volume and of an approved material (e.g., amber/clear glass or HDPE) that does not 
promote sample degradation. As appropriate, supplier provided certificates of cleanliness 
will be retained with the project documentation. 

Water samples collected for analysis will be filled to near 90 percent of capacity to allow 
for expansion. 

7.3.3 Preservation and Holding Times 

Efforts to preserve the integrity of the samples through prescribed chemical additives 
andlor temperature-controlled storage will be maintained as appropriate from the time the 
containers are received, throughout the sample collection and shipping process, and will 
continue until all analyses are performed. Procedures that will be employed to collect and 
preserve the integrity of the samples are described in the procedures. Holding times begin 
at the time the sample is collected, not when the sample is received by the laboratory. 
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7.3.4 Decontamination Procedures and Materials

Where practical, dedicated pumps will be installed in monitor wells and disposable
materials will be used to minimize the decontamination requirements. The final rinse
following equipment decontamination will be collected as an equipment blank QC
sample.

7.4 Sample Handling and Custody Requirements

Sample handling, custody, and shipping procedures are addressed in the environmental
monitoring procedures. A minimum number of individuals should be involved in sample
collection and handling to ensure integrity of the sample and compliance with custody
procedures. To maintain evidence of authenticity, the samples collected must be properly
identified and easily discernable from like samples. To maintain the integrity of the
sample, proper preservation, storage, and shipping methods will be used.

Unused sampling equipment, sample containers, and coolers that have been shipped or
transported to a sampling location will be kept in a clean, temperature-controlled, and
secure location to minimize damage, tampering, degradation, and possible cross-
contamination.

7.4.1 Identification, Handling, Packaging, and Storage

7.4.1.1 Sample Identification
Environmental samples and associated QC samples will be assigned a unique
identification number. In addition to the unique number, QC samples will be assigned a
fictitious location identifier that is consistent with the sample location identification
scheme.

Samples will be identified by a label or tag attached to the sample container that
specifies, as appropriate, the project, sample location, unique identification number,
preservatives added, date and time collected, and the sampler's name. Sample labels,
tags, and/or container markings should be completed with indelible (waterproof) ink.
Clear tape may be placed over each sample label for added protection, if needed.

7.4.1.2 Sample Handling and Storage
During field collection, sample containers may be stored in boxes, trays, or coolers, as
dictated by protection and preservation needs. Samples that require refrigeration will be
stored in coolers with sufficient ice to maintain the required temperature controls during
field collection, packaging, and shipping. Samples that are not transported to the
laboratory the day of collection must be stored in containers that will prevent damage or
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7.3.4 Decontamination Procedures and Materials 

Where practical, dedicated pumps will be installed in monitor wells and disposable 
materials will be used to minimize the decontamination requirements. The final rinse 
following equipment decontamination will be collected as an equipment blank QC 
sample. 

7.4 Sample Handling and Custody Requirements 

Sample handling, custody, and shipping procedures are addressed in the environmental 
monitoring procedures. A minimum number of individuals should be involved in sample 
collection and handling to ensure integrity of the sample and compliance with custody 
procedures. To maintain evidence of authenticity, the samples collected must be properly 
identified and easily discemable from like samples. To maintain the integrity of the 
sample, proper preservation, storage, and shipping methods will be used. 

Unused sampling. equipment, sample containers, and coolers that have been shipped or 
transported to a sampling location will be kept in a clean, temperature-controlled, and 
secure location to minimize damage, tampering, degradation, and possible cross­
contamination. 

7.4.1 Identification, Handling, Packaging, and Storage 

7.4.1.1 Sample Identification 
Environmental samples and associated QC samples will be assigned a unique 
identification number. In addition to the unique number, QC samples will be assigned a 
fictitious location identifier that is consistent with the sample location identification 
scheme. 

Samples will be identified by a label or tag attached to the sample container that 
specifies, as appropriate, the project, sample location, unique identification number, 
preservatives added, date and time collected, and the sampler's name. Sample labels, 
tags, and/or container markings should be completed with indelible (waterproof) ink. 
Clear tape may be placed over each sample label for added protection, if needed. 

7.4.1.2 Sample Handling and Storage 
During field collection, sample containers may be stored in boxes, trays, or coolers, as 
dictated by protection and preservation needs. Samples that require refrigeration will be 
stored in coolers with sufficient ice to maintain the required temperature controls during 
field collection, packaging, and shipping. Samples that are not transported to the 
laboratory the day of collection must be stored in containers that will prevent damage or 
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degradation of the sample. In addition, samples must be stored in locked containers or
buildings when they are out of the direct control of the responsible custodian. Samples
stored overnight or at locations where access is not solely controlled by the custodian will
have custody seals placed on the outside of the container (cooler or box) as a measure of
security.

7.4.1.3 Sample Custody
To ensure the integrity of the sample, the field custodian is responsible for the care,
packaging, and custody of the samples until they are transferred to the laboratory.

Chain of Custody forms will be used to list all samples and transfers of sample
possession to provide documentation that the samples were in constant custody between
collection and analysis. The filled-in Chain of Sample Custody form, a copy of which is
retained by the originator, will accompany samples that are sent or transported to the
analytical laboratory.

7.4.1.4 Sample Packaging and Shipping
All samples will be handled, packaged, and transported or shipped in accordance with
applicable U.S. Department of Transportation requirements. Sample storage containers
(e.g., boxes or coolers) and sample containers will be securely packaged to protect the
contents from damage, spilling, leaking, or breaking. Void space in shipping containers
should be filled with an inert material or additional ice, if appropriate, to further protect
and secure the contents.

Custody seals are not required for containers or samples that are transported directly to
the analytical laboratory for analysis or interim storage. Custody seals are required for
shipping containers (e.g., coolers or boxes) that are sent by common carrier. Clear tape
should be placed over the seals as protection against tearing during shipment.

Mailed sample packages will be registered with return receipt requested. If packages are
sent by common carrier, receipts are retained as part of the chain of custody
documentation. Other commercial carrier documents shall be maintained with the chain
of custody records.

7.4.2 Laboratory Requirements
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degradation of the sample. In addition, samples must be stored in locked containers or 
buildings when they are out of the direct control of the responsible custodian. Samples 
stored overnight or at locations where access is not solely controlled by the custodian will 
have custody seals placed on the outside of the container (cooler or box) as a measure of 
security. 

7.4.1.3 Sample Custody 
To ensure the integrity of the sample, the field custodian is responsible for the care, 
packaging, and custody of the samples until they are transferred to the laboratory. 

Chain of Custody forms will be used to list all samples and transfers of sample 
possession to provide documentation that the samples were in constant custody between 
collection and analysis. The filled-in Chain of Sample Custody form, a copy of which is 
retained by the originator, will accompany samples that are sent or transported to the 
analytical laboratory. 

7.4.1.4 Sample Packaging and Shipping 
All samples will be handled, packaged, and transported or shipped in accordance with 
applicable u.S. Department of Transportation requirements. Sample storage containers 
(e.g., boxes or coolers) and sample containers will be securely packaged to protect the 
contents . from damage, spilling, leaking, or breaking. Void space in shipping containers 
should be filled with an inert material or additional ice, if appropriate, to further protect 
and secure the contents. 

Custody seals are not required for containers or samples that are transported directly to 
the analytical laboratory for analysis or interim storage. Custody seals are required for 
shipping containers (e.g., coolers or boxes) that are sent by common carrier. Clear tape 
should be placed over the seals as protection against tearing during shipment. 

Mailed sample packages will be registered with return receipt requested. If packages are 
sent by common carrier, receipts are retained as part of the chain of custody 
documentation. Other commercial carrier documents shall be maintained with the chain 
of custody records. 

7.4.2 Laboratory Requirements 
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7.4.2.1 Laboratory Sample Receipt
The subcontract analytical laboratory personnel are responsible for the care and custody
of samples from the time they are received until the time the sample is analyzed and
archive portions are discarded. On arrival at the laboratory, laboratory personnel must
examine the container and document the receiving condition, including the integrity of
custody seals, when applicable. When opening the shipping container, laboratory
personnel will examine the contents and record the condition of the individual sample
containers (e.g., bottles broken or leaking), the temperature (when applicable), method of
shipment, carrier name(s), and other information relevant to sample receipt and log-in.
Laboratory personnel verify that the information on the sample containers matches the
information on the Chain of Sample Custody form.

7.4.2.2 Discrepancies Identified During Sample Receipt
If discrepancies are identified during the sample receiving process, laboratory personnel
will attempt to resolve the problem by checking all available information (e.g., other
markings on sample containers and type of sample), recording appropriate notes on the
Chain of Sample Custody form, and contacting the Senier• En'Aron:f.nen.al Speial sRSO
to resolve any questions.

If the laboratory judges the sample integrity to be questionable (e.g., samples arrive
damaged or leaking, or the temperature range is exceeded), the Senior Envir--e-inetaWl
Speei1 ... RSO will be contacted and will bring in appropriate technical staff to make a
decision regarding rejecting or flagging the data and/or re-sampling the location.
Damaged samples will be rescheduled for collection and analysis, if necessary.

Discrepancies noted during sample receiving at a subcontracted laboratory or testing
facility will be resolved in accordance with the procurement documents. In general, the
S.nier .Envir.nmen.al Sp..ializ.RSO will be contacted to facilitate resolution of a
problem.

7.4.2.3 Sample Disposition
When sample analyses and necessary QA/QC checks have been completed in the
laboratory, the residual sample material and wastes generated as a result of the analytical
process will be treated, shipped, and disposed of in accordance with all applicable
federal, state, and local transportation and waste management requirements. When
samples are stored, they will be protected to prevent damage or degradation. At a
minimum, samples shall not be removed from the laboratory sooner than 60 days after
the delivery of laboratory data reports.
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The subcontract analytical laboratory personnel are responsible for the care and custody 
of samples from the time they are received until the time the sample is analyzed and 
archive portions are discarded. On arrival at the laboratory, laboratory personnel must 
examine the container and docUment the receiving condition, including the integrity of 
custody seals, when applicable. When opening the shipping container, laboratory 
personnel will examine the contents and record the condition of the individual sample 
containers (e.g., bottles broken or leaking), the temperature (when applicable), method of 
shipment, carrier name(s), and other information relevant to sample receipt and log-in. 
Laboratory personnel verify that the information on the sample containers matches the 
information on the Chain of Sample Custody form. 

7.4.2.2 Discrepancies Identified During Sample Receipt 
If discrepancies are identified during the sample receiving process, laboratory personnel 
will attempt to resolve the problem by checking all available information (e.g., other 
markings on sample containers and type of sample), recording appropriate notes on the 
Chain of Sample Custody form, and contacting the Senior Enviromnental SpecialistRSO 
to resolve any questions. 

If the laboratory judges the sample integrity to be questionable (e.g., samples arrive 
damaged or leaking, or the temperature range is exceeded), the Senior En .... ironmental 
SpecialistRSO will be contacted and will bring in appropriate technical staff to make a 
decision regarding rejecting or flagging the data and/or re-sampling the location. 
Damaged samples will be rescheduled for collection and analysis, if necessary. 

Discrepancies noted during sample receiving at a subcontracted laboratory or testing 
facility will be resolved in accordance with the procurement documents. In general, the 
Senior Enviromnental SpecialistRSO will be contacted to facilitate resolution of a 
problem. 

7.4.2.3 Sample Disposition 
When sample analyses and necessary QAlQC checks have been completed in the 
laboratory, the residual sample material and wastes generated as a result of the analytical 
process will be treated, shipped, and disposed of in accordance with all applicable 
federal, state, and local transportation and waste management requirements. When 
samples are stored, they will be protected to prevent damage or degradation. At a 
minimum, samples shall not be removed from the laboratory sooner than 60 days after 
the delivery of laboratory data reports. 
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7.4.3 Analytical Methods

Laboratories involved in the analysis of samples will have a written QA/QC program that
provides rules and guidelines to ensure reliability and validity of the work conducted at
the laboratory.

The analytical procedures to be used by subcontracted laboratory services will be
specified in the procurement documents. These procedures typically consist of EPA
methods. The use of these methods will ensure that required method detection limits and
project reporting limits are achieved for each of the requested analytes.

Required analytical methods will be documented in appropriate site-specific documents.

7.4.3.1 Subcontracted Laboratory Requirements
The subcontracted laboratory will have a documented QA program in place, the
implementation of which may be independently verified through proposal reviews, prior
history, and/or pre-award survey. As appropriate, subcontracted laboratories will use
EPA or EPA-approved methods or other methods specified and approved within the
provisions of the procurement documents. Subcontracted laboratories are required to pass
an audit or be certified by NELAC. Internal method requirements for analysis of spikes,
duplicates, or replicates will be followed and may be used as performance indicators for
these services.

Data turnaround times, sample disposition, and other requirements of the analytical
laboratory are identified in procurement documents. The laboratory must obtain
authorization from the Senie- En-vir" mental Sp..iA'istRSO for changes to the
procurement documents.

Work submitted to the laboratory may not be subcontracted by the laboratory without the
prior consent of Uranium One Americas.

7.4.4 Quality Assurance/Quality Control

7.4.4.1 Field QA/QC
A variety of instruments, equipment, sampling tools, and supplies will be used to collect
samples and to monitor site conditions. Proper inspection, calibration, maintenance, and
use of the instruments and equipment are required to ensure field data quality. In
addition, field QA will be implemented through the use of approved procedures, proper
cleaning and decontamination, protective storage of equipment and supplies, and timely
data reviews during field activities. The QC objective of these data collection activities is
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Laboratories involved in the analysis of samples will have a written QAlQC program that 
provides rules and guidelines to ensure reliability and validity of the work conducted at 
the laboratory. 

The analytical procedures to be used by subcontracted laboratory services will be 
specified in the procurement documents. These procedures typically consist of EPA 
methods. The use of these methods will ensure that required method detection limits and 
project reporting limits are achieved for each of the requested analytes. 

Required analytical methods will be documented in appropriate site-specific documents. 

7. 4. 3.1 Subcontracted Laboratory Requirements 
The subcontracted laboratory will have a documented QA program in place, the 
implementation of which may be independently verified through proposal reviews, prior 
history, and/or pre-award survey. As appropriate, subcontracted laboratories will use 
EPA or EPA-approved methods or other methods specified and approved within the 
provisions of the procurement documents. Subcontracted laboratories are required to pass 
an audit or be certified by NELAC. Internal method requirements for analysis of spikes, 
duplicates, or replicates will be followed and may be used as performance indicators for 
these services. 

Data turnaround times, sample disposition, and other requirements of the analytical 
laboratory are identified in procurement documents. The laboratory must obtain 
authorization from the Senior Environmental SpecialistRSO for changes to the 
procurement documents. 

Work submitted to the laboratory may not be subcontracted by the laboratory without the 
prior consent of Uranium One Americas. 

7.4.4 Quality Assurance/Quality Control 

7.4.4.1 Field QAlQC 
A variety of instruments, equipment, sampling tools, and supplies will be used to collect 
samples and to monitor site conditions. Proper inspection, calibration, maintenance, and 
use of the instruments and equipment are required to ensure field data quality. In 
addition, field QA will be implemented through the use of approved procedures, proper 
cleaning and decontamination, protective storage of equipment and supplies, and timely 
data reviews during field activities. The QC objective ofthese data collection activities is 
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to obtain reproducible and comparable measurements to a degree of accuracy consistent
with the intended use of the data.

QC samples will consist of field duplicates, equipment rinsate blanks, and trip blanks, as
appropriate, for the matrix and analytes involved. An additional volume of ground water
for selected analyses will be collected for matrix spike/matrix spike duplicate (MS/MSD)
use, as requested by the laboratory. Field QC samples will be used to quantitatively and
qualitatively evaluate the analytical performance of the laboratory and to assess external
and internal effects on the accuracy and comparability of the reported results. Field QC
samples will be uniquely identified.

Where applicable, field measurement data will be compared to previous measurements
obtained at the same location. Large variations (greater than 30 percent) in field
measurement data at a location will be examined to evaluate whether general trends are
developing. Variations in data that cannot be explained will be assigned a lower level of
confidence through assignment of qualifiers or will be flagged for additional sampling or
evaluation.

7.4.4.2 Laboratory QA/QC
Laboratory QC checks are internal system checks and control samples introduced by the
laboratory into the sample analysis stream. These checks are used to validate data and
calculate the accuracy and precision of the data. The objectives of the laboratory QA/QC
program should be to:

" Ensure that procedures and any revisions are documented

* Ensure that analytical procedures are conducted according to sound scientific principals
and have been validated

* Monitor the performance of the laboratory by a systematic inspection program and
provide for corrective measures, as necessary.

* Collaborate with other laboratories in establishing quality levels, as appropriate

* Ensure that data are properly recorded and archived

Internal QA procedures for analytical services will be implemented by the laboratory in
accordance with the laboratory's standard operating procedures. Data sheets, which also
report the blank and spiked sample checks that have been performed, will be provided
and will indicate when a QC check was performed. Analytical data that do not meet
acceptance criteria will be qualified and flagged in accordance with standard operating
procedures.
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to obtain reproducible and comparable measurements to a degree of accuracy consistent 
with the intended use of the data. 

QC samples will consist of field duplicates, equipment rinsate blanks, and trip blanks, as 
appropriate, for the matrix and analytes involved. An additional volume of ground water 
for selected analyses will be collected for matrix spike/matrix spike duplicate (MS/MSD) 
use, as requested by the laboratory. Field QC samples will be used to quantitatively and 
qualitatively evaluate the analytical performance of the laboratory and to assess external 
and internal effects on the accuracy and comparability of the reported results. Field QC 
samples will be uniquely identified. 

Where applicable, field measurement data will be compared to previous measurements 
obtained at the same location. Large variations (greater than 30 percent) in field 
measurement <:lata at a location will be examined to evaluate whether general trends are 
developing. Variations in data that cannot be explained will be assigned a lower level of 
confidence through assignment of qualifiers or will be flagged for additional sampling or 
evaluation. 

'. 7.4.4.2 Laboratory QAIQC 

• 

Laboratory QC checks are internal system checks and control samples introduced by the 
laboratory into the sample analysis stream. These checks are used to validate data and 
calculate the accuracy and precision of the data. The objectives of the laboratory QAJQC 
program should be to: 

• Ensure that procedures and any revisions are documented 

• Ensure that analytical procedures are conducted according to sound scientific principals 
and have been validated 

• Monitor the performance of the laboratory by a systematic inspection program and 
provide for corrective measures, as necessary. 

• Collaborate with other laboratories in establishing quality levels, as appropriate 

• Ensure that data are properly recorded and archived 

Internal QA procedures for analytical services will be implemented by the laboratory in 
accordance with the laboratory's standard operating procedures. Data sheets, which also 
report the blank and spiked sample checks that have been performed, will be provided 
and will indicate when a QC check was performed. Analytical data that do not meet 
acceptance criteria will be qualified and flagged in accordance with standard operating 
procedures . 
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Laboratory quality control procedures are defined within the particular analytical method
or are defined in procurement documents.

7.4.5 Instrument/Equipment Testing, Inspection, Calibration, and Maintenance

A variety of equipment, instruments, and sampling tools will be used to collect data and
samples for the Wyoming ISR sites. Proper maintenance, calibration, and use of
equipment and instruments are imperative to ensure the quality of all the data that are
collected.

Field and laboratory equipment, instruments, tools, gauges, and other items used in
performing work tasks that require preventive maintenance will be serviced in
accordance with manufacturers' recommendations and instructions. When applicable,
technical procedures will identify the manufacturers' instructions and recommended
frequency for servicing the equipment. Preventive maintenance for calibrated measuring
and test equipment will be performed either by field or laboratory personnel who are
knowledgeable of the equipment, or by manufacturer's authorized service center as part
of routine calibration tasks. Records of equipment calibration, repair, or replacement of
controlled instruments will be filed and maintained in accordance with the applicable
records management requirements.

Instruments that are not calibrated to the manufacturers' specifications will display a
warning tag to alert the sampler and analyst that the instrument has only limited
calibration.

7.4.5.1 Field Equipment and Instruments
Field equipment, instruments, and associated supplies used to obtain field measurements
and collect samples are specified in sampling procedures.

Field personnel will conduct visual inspections and operational checks of field equipment
and instruments before they are shipped or carried to the field and before using the
equipment or instruments in field data collection activities. Whenever any equipment,
instrument, or tool is found to be defective or fails to meet project requirements, it will
not be used, and as appropriate, it will be tagged defective and segregated to prevent
inadvertent use. Backup equipment, instruments, and tools should be available on site or
within 1-day shipment to avoid delays in the field schedule.

The Senior Env'irfe'linmncnal SpecialistRSO is responsible for the overall maintenance,
operation, calibration, and repairs made to field equipment, instruments, and tools. He is
also responsible for ensuring that the field book has adequate documentation that
describes any maintenance, repairs, and calibrations performed in the field.
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Laboratory quality control procedures are defined within the particular analytical method 
or are defined in procurement documents. 

7.4.5 InstrumentlEquipment Testing, Inspection, Calibration, and Maintenance 

A variety of equipment, instruments, and sampling tools will be used to collect data and 
samples for the Wyoming ISR sites. Proper maintenance, calibration, and use of 
equipment and instruments are imperative to ensure the quality of all the data that are 
collected. 

Field and laboratory equipment, instruments, tools, gauges, and other items used in 
performing work tasks that require preventive maintenance will be serviced in 
accordance with manufacturers' recommendations and instructions. When applicable, 
technical procedures will identify the manufacturers' instructions and recommended 
frequency for servicing the equipment. Preventive maintenance for calibrated measuring 
and test equipment will be performed either by field or laboratory personnel who are 
knowledgeable of the equipment, or by manufacturer's authorized service center as part 
of routine calibration tasks. Records of equipment calibration, repair, or replacement of 
controlled instruments will be filed and maintained in accordance with the applicable 
records management requirements. 

Instruments that are not calibrated to the manufacturers' specifications will display a 
warning tag to alert the sampler and analyst that the instrument has only limited 
calibration. 

7.4.5.1 Field Equipment and Instruments 
Field equipment, instruments, and associated supplies used to obtain field measurements 
and collect samples are specified in sampling procedures. 

Field personnel will conduct visual inspections and operational checks of field equipment 
and instruments before they are shipped or carried to the field and before using the 
equipment or instruments in field data collection activities. Whenever any equipment, 
instrument, or tool is found to be defective or fails to meet project requirements, it will 
not be used, and as appropriate, it will be tagged defective and segregated to prevent 
inadvertent use. Backup equipment, instruments, and tools should be available on site or 
within I-day shipment to avoid delays in the field schedule. 

The Senior Environmental SpecialistRSO is responsible for the overall maintenance, 
operation, calibration, and repairs made to field equipment, instruments, and tools. He is 
also responsible for ensuring that the field book has adequate documentation that 
describes any maintenance, repairs, and calibrations performed in the field. 
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Equipment and instruments used to obtain data will be maintained and calibrated with
sufficient frequency and in such a manner that accuracy and reproducibility of results are
consistent with the manufacturers' specifications. Calibration of equipment and
instruments will be performed at approved intervals, as specified by the manufacturer, or
more frequently as conditions dictate. Calibration standards used as reference standards
will be traceable to the National Institute of Standards and Technology or other
recognized standards when available. Instruments found to be out of tolerance will be
tagged defective and segregated to prevent inadvertent use.

In some instances, calibration periods will be based on usage rather than periodic
calibration. Equipment will be calibrated or checked as a part of its operational use.
Records of field calibration will be documented on forms provided for technical
procedures or recorded in the field logbook. Calibration checks will be performed in
accordance with procedures.

Procedures recommended by the manufacturer will be used for equipment preventive
maintenance. Backup equipment, supplies, and critical spare parts (e.g., tape, bottles,
filters, pH paper, tubing, probes, electrodes, and batteries) will be kept on site to
minimize downtime. The Scnier En6irom-ehnea! SpecialistRSO is responsible for
ensuring that routine maintenance is performed and that tools and spare parts used to
conduct routine maintenance are available.

7.4.5.2 Laboratory Equipment and Instruments
As part of the QA/QC program for the analytical laboratory, routine preventive
maintenance is conducted to minimize the occurrence of instrument failure and other
system malfunctions. The laboratory will maintain a schedule for servicing critical items
and will perform routine maintenance, scheduled maintenance and repair, or coordinate
with a vendor to arrange for maintenance and repair service, as required. All laboratory
instruments will be maintained in accordance with the manufacturers' specifications and
the requirements of the specific method employed. Equipment will be tested during
routine calibration, and deficiencies will be corrected as specified in procedures.

The concentration of standards and frequency of initial and continuing calibration of
analytical instruments will be as specified in the laboratory procedures. Calibration data
will be provided with the analytical data package. Calibration records pertaining to
subcontracted laboratory services will be filed and maintained by the laboratory in
accordance with internal procedures.
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Equipment and instruments used to obtain data will be maintained and calibrated with 
sufficient frequency and in such a manner that accuracy and reproducibility of results are 
consistent with the manufacturers' specifications. Calibration of equipment and 
instruments will be performed at approved intervals, as specified by the manufacturer, or 
more frequently as conditions dictate. Calibration standards used as reference standards 
will be traceable to the National Institute of Standards and Technology or other 
recognized standards when available. Instruments found to be out of tolerance will be 
tagged defective and segregated to prevent inadvertent use. 

In some instances, calibration periods will be based on usage rather than periodic 
calibration. Equipment will be calibrated or checked as a part of its operational use. 
Records of field calibration will be documented on forms provided for technical 
procedures or recorded in the field logbook. Calibration checks will be performed in 
accordance with procedures. 

Procedures recommended by the manufacturer will be used for equipment preventive 
maintenance. Backup equipment, supplies, and critical spare parts (e.g., tape, bottles, 
filters, pH paper, tubing, probes, electrodes, and batteries) will be kept on site to 
minimize downtime. The Senior Environmental SpecialistRSO is responsible for 
ensuring that routine maintenance is performed and that tools and spare parts used to 
conduct routine maintenance are available. 

7.4.5.2 Laboratory Equipment and Instruments 
As part of the QAJQC program for the analytical laboratory, routine preventive 
maintenance is conducted to minimize the occurrence of instrument failure and other 
system malfunctions. The laboratory will maintain a schedule for servicing critical items 
and will perform routine maintenance, scheduled maintenance and repair, or coordinate 
with a vendor to arrange for maintenance and repair service, as required. All laboratory 
instruments will be maintained in accordance with the manufacturers' specifications and 
the requirements of the specific method employed. Equipment will be tested during 
routine calibration, and deficiencies will be corrected as specified in procedures. 

The concentration of standards and frequency of initial and continuing calibration of 
analytical instruments will be as specified in the laboratory procedures. Calibration data 
will be provided with the analytical data package. Calibration records pertaining to 
subcontracted laboratory services will be filed and maintained by the laboratory III 

accordance with internal procedures . 
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7.4.6 Instrument/Equipment Calibration and Frequency

Calibration of analytical laboratory equipment will be based on approved written
procedures. The concentration of standards and frequency of initial and continuing
calibration of analytical instruments will be as specified in the laboratory SOPs. The
analytical laboratory will maintain calibration records. Calibration data will be provided
with the analytical data package, as specified in the procurement documents.

7.4.7 Inspection/Acceptance of Supplies and Consumables

7.4. 7.1 Sample Containers
Sample containers for water, soil, sediment, and other media will be provided by the
subcontracted laboratory and will be new or pre-cleaned. As appropriate, supplier-
provided certificates of cleanliness will be retained with field documentation.

Containers will be visually inspected for integrity and cleanliness before being used.
Suspect containers will not be used and will be discarded in a controlled manner to
prevent inadvertent future use. If sufficient quantities of containers are suspect, the
laboratory will immediately be notified of the condition and requested to provide a
sufficient quantity of replacement containers. Suspect containers will be collected,
segregated, and tagged for return to the analytical laboratory. The Senior Environmrcntal
Speei,. is.R.SO will describe the situation in the field book as a field variance.

7.4.7.2 Supplies and Consumables
The Sei'ir Envife..ental Speei di-stR SO is responsible for ensuring that supplies,
materials, and consumable items used during field activities are properly inspected for
integrity, cleanliness, and compliance with specified tolerances and that they are
appropriate to the activity. Items with a specified shelf life or expiration date will be
labeled. Expired materials will not be used and will be properly disposed of or returned to
the laboratory for disposal, as appropriate. Supplies, materials, and equipment will be
inventoried at the conclusion of the sampling event in preparation for the next scheduled
event.

7.4.8 Data Ae.uisiti• n Requirements though Non Direct Measur.em.ent

Data acquiried flhoutgh nen direct mfeasurfements may include data froem histor-ical
databases, liter.atur..e f..en .es, background . in. . .fia .i.n from historical facility files,
.limatie data, and regienal geology or- hydrolgy descr-iptins. Gencrally, these data are
aneillary to the proeject-.
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7.4.6 InstrumentiEquipment Calibration and Frequency 

Calibration of analytical laboratory equipment will be based on approved written 
procedures. The concentration of standards and frequency of initial and continuing 
calibration of analytical instruments will be as specified in the laboratory SOPs. The 
analytical laboratory will maintain calibration records. Calibration data will be provided 
with the analytical data package, as specified in the procurement documents. 

7.4.7 Inspection! Acceptance of Supplies and Consumables 

7.4. 7.1 Sample Containers 
Sample containers for water, soil, sediment, and other media will be provided by the 
subcontracted laboratory and will be new or pre-cleaned. As appropriate, supplier­
provided certificates of cleanliness will be retained with field documentation. 

Containers will be visually inspected for integrity and cleanliness before being used. 
Suspect containers will not be used and will be discarded in a controlled manner to 
prevent inadvertent future use. If sufficient quantities of containers are suspect, the 
laboratory will immediately be notified of the condition and requested to provide a 
sufficient quantity of replacement containers. Suspect containers will be collected, 
segregated, and tagged for return to the analytical laboratory. The Senior Environmental 
SpecialistRSO will describe the situation in the field book as a field variance. 

7.4.7.2 Supplies and Consumables 
The Senior Environmental SpecialistRSO is responsible for ensuring that supplies, 
materials, and consumable items used during field activities are properly inspected for 
integrity, cleanliness, and compliance with specified tolerances and that they are 
appropriate to the activity. Items with a specified shelf life or expiration date will be 
labeled. Expired materials will not be used and will be properly disposed of or returned to 
the laboratory for disposal, as appropriate. Supplies, materials, and equipment will be 
inventoried at the conclusion of the sampling event in preparation for the next scheduled 
event. 

7.4 .8 Data Acquisition Requirements through Non Direct Measurements 

Data acquired through non direct measuremcnts may include data from historical 
databases, literature references, backgroand infOlmation from historical facility files, 
climatic data, and regional geology or hydrology descriptions. Generally, these data are 
ancillary to the project. 
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Data fromff historieal databases er historical facility files should be evalpated withini the
context4 in whieh they are presented and a determnination made as to how acufr-ate the data
ef infterest mfay be. The exzact nature of the evaluation like!), will have to be maide on a
ease by ease basis. infor-mation obtained from liter-atur-e rcefcrenees should be froem peer

rieed journals or- books whenever- passible. Information suceh as climatic data and
regionial geoloegy or- hydrology dcser-iptiens sheuld be obtained from docuiments proeduced
by stafte or- federal agenceies wheniever: possible-.

~7-4-97.4.8 Data Management

Project data are generated mainly from routine sampling of monitor wells, routine
operations system sampling, and occasional soil sampling events. The Senief-
Environmiffental SpeeialistRSO is responsible for managing project data in compliance
with Uranium One Americas requirements.

Field data books are assembled for most sampling events. These books contain
information such as sample location identification (ID), date, QA sample ID, well purge
method, sampling method, and field measurements. These are completed at the time of
sample collection.

Data from samples submitted to an analytical laboratory are received as both hard copy
and as electronic data. The hard copy analytical reports are archived in the project records
along with the original field data forms and other relevant hard copy forms or documents
containing project data. The hard copy forms are categorized in the project records
according to the project filing procedures. Electronic data are also archived in the project
records according to the project filing procedures.

7.5 Data Validation and Usability
Technical data, including field data and results of laboratory analyses, will be routinely
verified and validated to ensure that the data are of sufficient quality and quantity to meet
the project's intended data needs. Results of data validation efforts will be documented
and summarized in the site-specific validation reports. The Senior- EnivironmfentAal
Speeia -eRSO is responsible for initiating the review, verification, validation, and
screening associated with field and/or laboratory data.

7.5.1 Field Measurement Data

The objective of field data verification is to ensure that data are collected in a consistent
manmer and in accordance with procedures and schedules established in the Wyoming
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Data from historical databases or historical facility files should be evaluated vfithin the 
context in 'lmich they are presented and a determination made as to hO'l1 accurate the data 
of interest may be. The exact nature of the evaluation likely \vill have to be made on a 
case by case basis. Information obtained from literatllre references should be from peer 
reviewed journals or books vmenever possible. Information such as climatic data and 
regional geology or hydrology descriptions should be obtained from documents produced 
by state or federal agencies '.'{henever possible. 

~7.4.8 Data Management 

Project data are generated mainly from routine sampling of monitor wells, routine 
operations system sampling, and occasional soil sampling events. The Senior 
Environmental SpecialistRSO is responsible for managing project data in compliance 
with Uranium One Americas requirements. 

Field data books are assembled for most sampling events. These books contain 
information such as sample location identification (lD), date, QA sample ID, well purge 
method, sampling method, and field measurements. These are completed at the time of 
sample collection. 

Data from samples submitted to an analytical laboratory are received as both hard copy 
and as electronic data. The hard copy analytical reports are archived in the project records 
along with the original field data forms and other relevant hard copy forms or documents 
containing project data. The hard copy forms are categorized in the project records 
according to the project filing procedures. Electronic data are also archived in the project 
records according to the project filing procedures. 

7.5 Data Validation and Usability 

Technical data, including field data and results of laboratory analyses, will be routinely 
verified and validated to ensure that the data are of sufficient quality and quantity to meet 
the project's intended data needs. Results of data validation efforts will be documented 
and summarized in the site-specific validation reports. The Senior Environmental 
SpecialistRSO is responsible for initiating the review, verification, validation, and 
screening associated with field and/or laboratory data. 

7.5.1 Field Measurement Data 

The objective of field data verification is to ensure that data are collected in a consistent 
manner and in accordance with procedures and schedules established in the Wyoming 
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ISR environmental planning documents. Field data validation procedures include a
review of raw data and supporting documentation generated from field investigations.
The data are reviewed for completeness, transcription errors, compliance with
procedures, and accuracy of calculations.

The person doing the validation (in consultation with the Senier- Environmental
SpeeialistRSO, if required) may correct problems that are found or noted in field
documentation. Corrections to data forms will be made by lining through the incorrect
entry, correcting the information, then initialing and dating the corrected information.
The person validating the document, with the consent of the Seniier Enviro-nmental
Speeia4tRSO, may also determine that incorrect data should not be entered into a
database or that the data should have an additional qualifier.

7.5.2 Laboratory Data

The laboratory performing the analyses will document the analytical data in accordance
with standard procedures inherent in the analytical methods and as approved by the
Senioer- Einvir..nenta SpeeialistRSO, if required.

Once the data package is received from the analytical laboratory, laboratory records and
data package requirements will be checked to assess the completeness of the data
package, and the data will be validated by personnel qualified and experienced in
laboratory data validation.

The QC data provided by the laboratory (method blanks, matrix spikes, etc.) will be
evaluated to see if they are within the acceptance range. If they are not, the data set
affected by the QC samples will be evaluated to determine if corrective action is
necessary.

7.5.2.1 Quality Control Samples
QC samples consisting of trip blanks, equipment rinsate blanks, field duplicate samples
(replicated or co-located samples), laboratory spikes, laboratory blanks, laboratory
duplicates, and laboratory control samples (including thermoluminescent dosimeters) are
evaluated in the data validation process.

7.5.3 Qualification of Data and Corrective Actions

Qualification criteria are defined in the Uranium One Americas procedures. In addition
to the process of qualifying the data, other corrective actions may be used. These may
include reanalysis of the data by the laboratory or re-sampling of the affected locations.
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ISR environmental planning documents. Field data validation procedures include a 
review of raw data and supporting documentation generated from field investigations. 
The data are reviewed for completeness, transcription errors, compliance with 
procedures, and accuracy of calculations. 

The person doing the validation (in consultation with the Senior Em'ironmental 
SpecialistRSO, if required) may correct problems that are found or noted in field 
documentation. Corrections to data forms will be made by lining through the incorrect 
entry, correcting the information, then initialing and dating the corrected information. 
The person validating the document, with the consent of the Senior Environmental 
SpecialistRSO, may also determine that incorrect data should not be entered into a 
database or that the data should have an additional qualifier. 

7.5.2 Laboratory Data 

The laboratory performing the analyses will document the analytical data in accordance 
with standard procedures inherent in the analytical methods and as approved by the 
Senior Environmental SpecialistRSO, if required . 

Once the data package is received from the analytical laboratory, laboratory records and 
data package requirements will be checked to assess the completeness of the data 
package, and the data will be validated by personnel qualified and experienced in 
laboratory data validation. 

The QC data provided by the laboratory (method blanks, matrix spikes, etc.) will be 
evaluated to see if they are within the acceptance range. If they are not, the data set 
affected by the QC samples will be evaluated to determine if corrective action is 
necessary. 

7.5.2.1 Quality Control Samples 
QC samples consisting of trip blanks, equipment rinsate blanks, field duplicate samples 
(replicated or co-located samples), laboratory spikes, laboratory blanks, laboratory 
duplicates, and laboratory control samples (including thermo luminescent dosimeters) are 
evaluated in the data validation process. 

7.5.3 Qualification of Data and Corrective Actions 

Qualification criteria are defined in the Uranium One Americas procedures. In addition 
to the process of qualifying the data, other corrective actions may be used. These may 

• include reanalysis of the data by the laboratory or re-sampling of the affected locations. 
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Other corrective actions to prevent contamination of future samples may also be
proposed.

7.5.4 Determination of Anomalous Data

The final aspect of data validation involves the screening of both field and laboratory
analytical data for potentially anomalous data points.

7.5.4.1 Data Screening
The initial step in determining potentially anomalous data points consists of screening all
data from a sampling event for values that fall outside a designated historical data range.
The historical data range used for comparison will be from previous sampling events.

7.5.4.2 Technical Review
The next step involves a review of the screened data by a qualified individual
experienced in data review. Each data point will be evaluated to determine if the data
point is acceptable or if follow-up action is required. This evaluation will consider factors
such as number of historical data points, analyte concentration, magnitude of the
deviation from the historical data range, number of historical non-detects, variability of
the historical data, location of the sample point relative to other potential interfering
activities, and correlation with other analytes.

7.5.4.3 Follow-up Actions
Follow-up actions can include one or more of the following:

" Requesting a laboratory check of calculations and dilutions

• Sample reanalysis

" Re-sampling

* Comparison to results from the next sampling event

* Data qualification

Based on the results of the follow-up action, the Scnier EnvircTnnetal SpecialibtRSO
will make a final determination of validity of the data point. The data point will be
considered acceptable or it will be qualified, and a record of the action will be made. A
summary of any anomalous data will be included in the site-specific data validation
report.
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Other corrective actions to prevent contamination of future samples may also be 
proposed. 

7.5.4 Determination of Anomalous Data 

The final aspect of data validation involves the screening of both field and laboratory 
analytical data for potentially anomalous data points. 

7. 5. 4.1 Data Screening 
The initial step in determining potentially anomalous data points consists of screening all 
data from a sampling event for values that fall outside a designated historical data range. 
The historical data range used for comparison will be from previous sampling events. 

7.5.4.2 Technical Review 
The next step involves a review of the screened data by a qualified individual 
experienced in data review. Each data point will be evaluated to determine if the data 
point is acceptable or if follow-up action is required. This evaluation will consider factors 
such as number of historical data points, analyte concentration, magnitude of the 
deviation from the historical data range, number of historical non-detects, variability of 
the historical data, location of the sample point relative to other potential interfering 
activities, and correlation with other analytes. 

7.5.4.3 Follow-up Actions 
Follow-up actions can include one or more of the following: 

• Requesting a laboratory check of calculations and dilutions 

• Sample reanalysis 

• Re-sampling 

• Comparison to results from the next sampling event 

• Data qualification 

. I Based on the results of the follow-up action, the Senior Environmental SpecialistRSO 
will make a final determination of validity of the data point. The data point will be 
considered acceptable or it will be qualified, and a record of the action will be made. A 
summary of any anomalous data will be included in the site-specific data validation 

• report. 
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7.5.4.4 Data Qualification
After the Scni••, Envir-n.......tal SpceialistRSO has determined that a data point is
anomalous, the data point will be qualified with an "R" flag (unusable) in the database.
Qualification of data will be noted with a brief justification for the qualification.

7.6 Documentation and Records

The requirements for documentation and records management apply to the preparation,
review, approval, issue, use, and revision of documents or forms that prescribe processes,
specify requirements, or establish design. Records must be specified, prepared, reviewed,
approved, and maintained as directed by Uranium One Americas policy.

Field and laboratory data will be sufficiently documented to provide a scientifically
defensible record of the activities and analyses performed. Records of field variance
reports, internal reviews, field and laboratory records of tests and analyses, field logs,
Chain of Custody forms, and project reports will be used in interpreting and assessing the
usability of the data. Standardized forms and computer files, codes, programs, and
printouts will be designed to eliminate errors made during data entry and reduction.
Calculation steps are described in the technical and analytical procedures and software
lists. Routine data-transfer and data-entry verification checks are performed.

Laboratories must demonstrate continued proficiency through participation in
performance evaluation programs required by the USNRC and WDEQ.

7.6.1 Records Management Plan

A site-specific records management plan shall be prepared to identify the records to be
generated, file locations, and retention schedule for the Wyoming ISR site. The records
management plan establishes the requirements for preparing, preserving, and storing
records. Project personnel will work with the Senio- Enviroenmntal Spe-iali..RSO, or his
designee, to ensure that environmental monitoring records are correctly identified and
maintained in accordance with the plan. Modifications to the plan shall be submitted to
the Seni• • Envir,, mental Sp.ialis.tR SO and are subject to his review and approval. At a
minimum the site record management plan will include the following requirements:

Records not utilized to determine occupational dose that require a 3 year retention period
as specified in 10 CFR §20.2103:

* Area beta-gamma measurements and associated instrument calibrations not
utilized to determine employee dose:

0 Equipment release records and associated instrument calibrations
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After the Senior Environmental SpecialistRSO has determined that a data point is 
anomalous, the data point will be qualified with an "R" flag (unusable) in the database. 
Qualification of data will be noted with a brief justification for the qualification. 

7.6 Documentation and Records 

The requirements for documentation and records management apply to the preparation, 
review, approval, issue, use, and revision of documents or forms that prescribe processes, 
specify requirements, or establish design. Records must be specified, prepared, reviewed, 
approved, and maintained as directed by Uranium One Americas policy. 

Field and laboratory data will be sufficiently documented to provide a scientifically 
defensible record of the activities and analyses performed. Records of field variance 
reports, internal reviews, field and laboratory records of tests and analyses, field logs, 
Chain of Custody forms, and project reports will be used in interpreting and assessing the 
usability of the data. Standardized forms and computer files, codes, programs, and 
printouts will be designed to eliminate errors made during data entry and reduction. 
Calculation steps are described in the technical and analytical procedures and software 
lists. Routine data-transfer and data-entry verification checks are performed. 

Laboratories must demonstrate continued proficiency through participation In 

performance evaluation programs required by the USNRC and WDEQ. 

7.6.1 Records Management Plan 

A site-specific records management plan shall be prepared to identify the records to be 
generated, file locations, and retention schedule for the Wyoming ISR site. The records 
management plan establishes the requirements for preparing, preserving, arid storing 
records. Project personnel will work with the Senior Environmental SpecialistRSO, or his 
designee, to ensure that environmental monitoring records are correctly identified and 
maintained in accordance with the plan. Modifications to the plan shall be submitted to 
the Senior Environmental SpecialistRSO and are subject to his review and approval. At a 
minimum the site record management plan will include the following requirements: 

Records not utilized to determine occupational dose that require a 3 year retention period 
as specified in 10 CFR §20.2103: 

$ Area beta-gamma measurements and associated instrument calibrations not 
utilized to determine employee dose; 

It Equipment release records and associated instrument calibrations 
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" Instrument daily function check records;
* Alpha contamination surveys eating areas; and
* Personnel contamination surveys frisking stations

Instructions for the proper maintenance, control, and retention of records will be
developed and will be consistent with the requirements of 10 CFR 20 Subpart L and 10
CFR §40.61 (d) and (e). The following specific records will be permanently maintained
and retained until license termination:

* Records of disposal of byproduct material on site through deep disposal wells as
required in 10 CFR §20.2002 and transfers or disposal off site of source or
byproduct material;

* Records of surveys, calibrations, personnel monitoring, and bioassays as required
in 10 CFR §20.2103:

o Records containing information pertinent to decommissioning and reclamation
such as descriptions of spills, excursions, contamination events etc. including the
dates. locations, areas, or facilities affected, assessments of hazards, corrective
and cleanup actions taken, and potential locations of inaccessible contamination:

o Records of information related to site and aquifer characterization and
background radiation levels:

* As-build drawings and photographs of structures, equipment. restricted areas, well
fields, areas where radioactive materials are stored, and any modifications
showing the locations of these structures and systems: and

* Records of the radiation protection program including program revisions, standard
operating procedures, radiation work permits, training and qualification records,
SERP nroceedings and audits.

The RSO will be responsible for ensuring that the required records are maintained and
controlled. Hard copies of all records will be maintained on site in a controlled
environment to protect them from damage deterioration and will be available for
inspection by regulatory agencies. Electronic copies may be maintained in addition to
hard copies with backup protection. Duplicates of all records will be maintained in the
Casper office or other offsite location(s).

7.6.2 Document Control and Changes

Uranium One Americas policy and procedures will be followed to ensure that the
preparation, issuance, and revisions to project documents and forms will be controlled so
that current and correct information is available at the work location. These project
documents (e.g., plans, procedures, drawings, and forms) and subsequent revisions will
be reviewed for adequacy and approved before being issued for use. Written records and
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., Instrument daily function check records; 

., Alpha contamination surveys eating areas; and 
• Personnel contamination surveys frisking stations 

Instructions for the proper maintenance, control, and retention of records will be 
developed and will be consistent with the requirements of 10 CFR 20 Subpart L and 10 
CFR §40.61 (d) and (e). The following specific records will be permanently maintained 
and retained until license termination: 

(i) Records of disposal of byproduct material on site through deep disposal wells as 
required in 10 CFR §20.2002 and transfers or disposal off site of source or 
byproduct material; 

., Records of surveys, calibrations, personnel monitoring, and bioassays as required 
in 10 CFR §20.2103; 

Q Records containing information pertinent to decommissioning and reclamation 
such as descriptions of spills, excursions, contamination events etc. including the 
dates. locations. areas. or facilities affected, assessments of hazards. corrective 
and cleanup actions taken. and potential locations of inaccessible contamination; 

" Records of information related to site and aquifer characterization and 
background radiation levels; 

., As-build drawings and photographs of structures, equipment. restricted areas, well 
fields, areas where radioactive materials are stored, and any modifications 
showing the locations of these structures and systems; and 

6) Records of the radiation protection program including program revisions, standard 
operating procedures, radiation work permits, training and qualification records, 
SERP proceedings and audits. 

The RSO will be responsible for ensuring that the required records are maintained and 
controlled. Hard copies of all records will be maintained on site in a controlled 
environment to protect them from damage deterioration and will be available for 
inspection by regulatory agencies. Electronic copies may be maintained in addition to 
hard copies with backup protection. Duplicates of all records will be maintained in the 
Casper office or other offsite location(s). 

7.6.2 Document Control and Changes 

Uranium One Americas policy and procedures will be followed to ensure that the 
preparation, issuance, and revisions to project documents and forms will be controlled so 
that current and correct information is available at the work location. These proj ect 
documents (e.g., plans, procedures, drawings, and forms) and subsequent revisions will 
be reviewed for adequacy and approved before being issued for use. Written records and 
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photo documentation will be handled in a manner that ensures association to the activity,
the samples, and their locations. The Senior- EnvirmRental Special.tRS. can authorize
minor changes to project documents without requiring a formal review process.

At a minimum, personnel responsible for environmental monitoring activities at the
Wyoming ISR site will have access to the applicable documents and will be
knowledgeable of the contents before the associated work assignment.

Nonroutine sampling and field investigations will be documented in the file. The Senoie
Environmental Speeiali.RSO will be briefed on and will approve all nonroutine field
investigations before the work begins.

7.6.3 Corrections to Documents

When practical, correction of errors should be made by the individual who made the
entry. The method used to make a correction is to draw a line through the error, enter the
correct information, then initial and date the entry. The erroneous material must not be
obscured.

When a document requires replacement due to illegibility or inaccuracies, the document
will be voided, and a replacement document will be prepared. A notation will be made on
the voided document that a replacement document was completed. The voided document
will be retained with the field documentation.

7.6.4 Project Documents

Project documents are written materials that provide a background or history of the work,
establish the basis for the work, give guidance to the work, and provide a summary of the
work. They may be documents such as technical reports, technical and administrative
plans, inspection or test documents, and design or as-built drawings. Documents prepared
for the Wyoming ISR site that establishes instructions or procedures will be developed in
accordance with the applicable requirements. Documents that are subject to revision will
be managed and issued as controlled documents. These include, but are not limited to,
the following documents:

* Quality Assurance Plans and Procedures

" Site-Specific Environmental Monitoring and Sampling Plans
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photo documentation will be handled in a manner that ensures association to the activity, 
the samples, and their locations. The Senior Environmental SpecialistRSO can authorize 
minor changes to project documents without requiring a formal review process. 

At a minimum, personnel responsible for environmental monitoring activities at the 
Wyoming ISR site will have access to the applicable documents and will be 
knowledgeable of the contents before the associated work assignment. 

Nomoutine sampling and field investigations will be documented in the file. The Senior 
Environmental SpecialistRSO will be briefed on and will approve all nomoutine field 
investigations before the work begins. 

7.6.3 Corrections to Documents 

When practical, correction of errors should be made by the individual who made the 
entry. The method used to make a correction is to draw a line through the error, enter the 
correct information, then initial and date the entry. The erroneous material must not be 
obscured. 

When a document requires replacement due to illegibility or inaccuracies, the document 
will be voided, and a replacement document will be prepared. A notation will be made on 
the voided document that a replacement document was completed. The voided document 
will be retained with the field documentation. 

7.6.4 Project Documents 

Project documents are written materials that provide a background or history ofthe work, 
establish the basis for the work, give guidance to the work, and provide a summary of the 
work. They may be documents such as technical reports, technical and administrative 
plans, inspection or test documents, and design or as-built drawings. Documents prepared 
for the Wyoming ISR site that establishes instructions or procedures will be developed in 
accordance with the applicable requirements. Documents that are subject to revision will 
be managed and issued as controlled documents. These include, but are not limited to, 
the following documents: 

• Quality Assurance Plans and Procedures 

• Site-Specific Environmental Monitoring and Sampling Plans 
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7.6.5 Procedure Requirements

Uranium One Americas personnel will comply with the requirements of all approved
written procedures or other instructions. Any deviation from approved field procedures
must be authorized by the Scnier Envir.....ntal SpceialistRSO. Field changes to project
plans or deviation from procedures will be documented in the field book as a field
variance and communicated to the Scntie Enivirc cinial Speci.listR.SO as soon as
possible.

The Senior- En.. .ion.ental Sp..ialistRSO will be notified of any changes to subcontract
laboratory procedures. He will be informed of and review changes to laboratory
procedures. Impacts will be identified to the Scnie, En.viro:.nentAal Speiali;tRSO. As
appropriate, procedure changes that affect laboratory data will be identified and
documented during the data review, verification, and validation activities. As
appropriate, the Senier. Envifh-..nental Spe .. lAtR SO will inform Uranium One Americas
management of technical or other substantive changes to laboratory procedures that may
affect reporting limits or analytical sensitivity.

7.6.6 Field Documentation

Field documentation requirements are specified in the sampling procedures. All entries
in field documents will be made with indelible (waterproof) ink and will be legible,
reproducible, accurate, complete, and traceable to the sample measurements and/or site
location. These documents will be retained as project records. Field documents are
intended to provide sufficient data and observations to enable participants to reconstruct
events that occurred during the field sampling activities. Field logbooks and forms (e.g.,
sample collection data sheets, field measurement data forms, Chain of Custody forms,
and shipping forms) will be stored in a manner that protects them from loss or damage.

The Senier, Envirn-".ment.al S eeialis+RSO will adequately document and identify field
measurements and each sample collected. Field records will be completed at the time the
observation or measurement is made and when the sample is collected. Project
documents and written procedures will be available at the work site. The Seniei-
Envir--..n.ental SpeeitlistRSO will ensure that specified requirements are followed so that
an accurate record of sample collection and transfer activities is maintained.

As appropriate, sample disposition will be specified to the subcontract laboratory in the
appropriate procurement documents.

7.6.6.1 Field Books and Forms
Any person conducting field sampling will maintain a field book to provide a daily record
of field activities associated with monitoring and sampling events and to document
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Uranium One Americas personnel will comply with the requirements of all approved 
written procedures or other instructions. Any deviation from approved field procedures 
must be authorized by the Senior Environmental SpecialistRSO. Field changes to project 
plans or deviation from procedures will be documented in the field book as a field 
variance and communicated to the Senior Environmental SpecialistRSO as soon as 
possible. 

The Senior Environmental SpecialistRSO will be notified of any changes to subcontract 
laboratory procedures. He will be informed of and review changes to laboratory 
procedures. Impacts will be identified to the Senior Ewf'ironmental SpecialistRSO. As 
appropriate, procedure changes that affect laboratory data will be identified and 
documented during the data review, verification, and validation activities. As 
appropriate, the Senior Environmental SpecialistRSO will inform Uranium One Americas 
management of technical or other substantive changes to laboratory procedures that may 
affect reporting limits or analytical sensitivity . 

7.6.6 Field Documentation 

Field documentation requirements are specified in the sampling procedures. All entries 
in field documents will be made with indelible (waterproof) ink and will be legible, 
reproducible, accurate, complete, and traceable to the sample measurements andlor site 
location. These documents will be retained as project records. Field documents are 
intended to provide sufficient data and observations to enable participants to reconstruct 
events that occurred during the field sampling activities. Field logbooks and forms (e.g., 
sample collection data sheets, field measurement data forms, Chain of Custody forms, 
and shipping forms) will be stored in a manner that protects them from loss or damage. 

The Senior Environmental SpecialistRSO will adequately document and identify field 
measurements and each sample collected. Field records will be completed at the time the 
observation or measurement is made and when the sample is collected. Project 
documents and written procedures will be available at the work site. The Senior 
Enviromnental SpecialistRSO will ensure that specified requirements are followed so that 
an accurate record of sample collection and transfer activities is maintained. 

As appropriate, sample disposition will be specified to the subcontract laboratory in the 
appropriate procurement documents. 

7.6.6.1 Field Books and Forms 
Any person conducting field sampling will maintain a field book to provide a daily record 
of field activities associated with monitoring and sampling events and to document 
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relevant operations and measurements. If initials are used in place of signatures, a
signature/initials log will be maintained to identify personnel who are authorized to
record, review, and authenticate field data.

Field books for project activities will be prepared, managed, and maintained in
accordance with project records requirements. Project field books will be prepared and
issued by the Seni•r• Envirument.. SpeializtRSO. Field book information may include
documentation associated with routine or ad hoc field measurements and sampling, chain
of custody, soil boring and well installation, sampling equipment, calibration records and
standards, and general field notes, including repairs made to equipment and instruments.

7.66.2 Field Variance and Nonconformance Documentation
Changes from specified field protocols established in planning documents or standard
operating procedures must be authorized by the Senior- EnAo:...ental Speiali-tR SO and
fully documented by the person doing the sampling. Field variances will be reported in a
timely manner to evaluate the impact the variance has on the data or system operations.
Field variance reporting applies to deviations from (1) prescribed field sampling and
measurement requirements; (2) specified shipping, handling, or storage requirements; and
(3) decontamination procedures.

A variance must be documented whenever an activity is performed or sample is obtained
where:

" The activity performed or sample collection technique does not fall within the methods
or protocols specified.

* The monitoring or measurement instrument that was used was out of calibration or had
failed an operational check.

" Insufficient documentation results in the inability to trace the activity, measurement, or
sample to the prescribed or selected location

* There is a loss of or damage to records that cannot be duplicated.

The variance should be fully described, and corrective action, if applicable, should be
taken immediately. Comments describing the variance will be used during data
evaluation to assess the use of associated results and validity of the data. Field variances
should be noted in the field data sheet, on a general log sheet, or in the activity logbook.
As appropriate, field variances will be summarized in the report at the conclusion of the
activity.
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relevant operations and measurements. If initials are used in place of signatures, a 
signature/initials log will be maintained to identify personnel who are authorized to 
record, review, and authenticate field data. 

Field books for project activities will be prepared, managed, and maintained in 
accordance with project records requirements. Project field books will be prepared and 
issued by the Senior Environmental SpeciaiistRSO. Field book information may include 
documentation associated with routine or ad hoc field measurements and sampling, chain 
of custody, soil boring and well installation, sampling equipment, calibration records and 
standards, and general field notes, including repairs made to equipment and instruments. 

7. 6. 6.2 Field Variance and Nonconformance Documentation 
Changes from specified field protocols established in planning documents or standard 
operating procedures must be authorized by the Senior Environmental SpecialistRSO and 
fully documented by the person doing the sampling. Field variances will be reported in a 
timely manner to evaluate the impact the variance has on the data or system operations. 
Field variance reporting applies to deviations from (1) prescribed field sampling and 
measurement requirements; (2) specified shipping, handling, or storage requirements; and 
(3) decontamination procedures. 

A variance must be documented whenever an activity is performed or sample is obtained 
where: 

• The activity performed or sample collection technique does not fall within the methods 
or protocols specified. 

• The monitoring or measurement instrument that was used was out of calibration or had 
failed an operational check. 

• Insufficient documentation results in the inability to trace the activity, measurement, or 
sample to the prescribed or selected location 

• There is a loss of or damage to records that cannot be duplicated. 

The variance should be fully described, and corrective action, if applicable, should be 
taken immediately. Comments describing the variance will be used during data 
evaluation to assess the use of associated results and validity of the data. Field variances 
should be noted in the field data sheet, on a general log sheet, or in the activity logbook. 
As appropriate, field variances will be summarized in the report at the conclusion of the 
activity . 
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7.6.6.3 Chain of Sample Custody
The custody of individual samples will be documented by recording each sample's
identification, number of containers, and matrix on a standardized Chain of Custody
form. This form will be used to list all transfers of sample possession.

7.6.7 Laboratory Documentation

The format and content of laboratory reports depend on contract requirements, regulatory
reporting formats, and whether explanatory text is required. At a minimum, the
laboratory data report will include the following items:

• Analytical method used
" Date and time of analysis
" The Chain of Custody form
" Sample receiving documentation
• QC data results and report
* Sample data results by analysis, including method detection limits, reporting limits, and

dilution factors
• Summary of results (e.g., case narrative)
" Certification by the laboratory that the analytical data meet applicable data quality

requirements

Analytical data that do not meet specified criteria will be qualified and flagged to allow
data evaluation before use. Any nonconformances or difficulties encountered during
analyses will be documented with each data package.

7.6.8 Reports Received from Subcontractors

7.6. 8.1 Laboratory or Other Data Reports
Reporting requirements and formats will be defined in procurement documents issued for
subcontracted services. The Senier Eiriomental Speeia ... RSO will be consulted
regarding difficulties or nonconformance associated with subcontracted analytical
services and will resolve disputes that could affect data quality.

7.6.8.2 Plans and Technical Reports
The criteria for technical reports received from subcontracted services may include a
deliverable schedule for draft and final documents, required reviews, format, software
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The custody of individual samples will be documented by recording each sample's 
identification, number of containers, and matrix on a standardized Chain of Custody 
form. This form will be used to list all transfers of sample possession. 

7.6.7 Laboratory Documentation 

The format and content of laboratory reports depend on contract requirements, regulatory 
reporting formats, and whether explanatory text is required. At a minimum, the 
laboratory data report will include the following items: 

• Analytical method used 
• Date and time of analysis 
• The Chain of Custody form 
• Sample receiving documentation 
• QC data results and report 
• Sample data results by analysis, including method detection limits, reporting limits, and 

dilution factors 
• Summary of results (e.g., case narrative) 
• Certification by the laboratory that the analytical data meet applicable data quality 

requirements 

Analytical data that do not meet specified criteria will be qualified and flagged to allow 
data evaluation before use. Any nonconformances or difficulties encountered during 
analyses will be documented with each data package. 

7.6.8 Reports Received from Subcontractors 

7.6.8.1 Laboratory or Other Data Reports 
Reporting requirements and formats will be defined in procurement documents issued for 
subcontracted services. The Senior Enviromnental SpecialistRSO will be consulted 
regarding difficulties or nonconformance associated with subcontracted analytical 
services and will resolve disputes that could affect data quality. 

7.6.8.2 Plans and Technical Reports 
The criteria for technical reports received from subcontracted services may include a 
deliverable schedule for draft and final documents, required reviews, format, software 
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type and version requirements, and contents of the document, including any supporting
documents, data, and references.

7.7 Quality Improvement, Assessment, and Oversight

All personnel must continually seek to improve the quality of their work. This section
addresses the activities for assessing the effectiveness of the implementation of the
project and associated QA/QC requirements.

7.7.1 Quality Improvement

Management encourages innovation and continuous improvement in the work
environment by fostering a "no fault" attitude to encourage the identification of problems
and to create an atmosphere of openness to suggestions for improvement. All personnel
are encouraged to identify and suggest improvements.

Personnel have the freedom and authority to stop work until effective corrective action
has been taken. Work that is performed by subcontractors will be subject to oversight.
The work may be suspended immediately for imminent threats to health, safety,
environmental release, or significant adverse quality issues. Re-start of such work
stoppages will be at the direction of the Senior Vice President, ISR Operations.

7.7.2 Assessment and Response Actions

Assessments of project activities will be planned and scheduled with the appropriate
levels of management. The Director of Environmental and Regulatory Affairs is
responsible for scheduling and administering the internal assessment plan. When the
assessment is conducted, results will be evaluated to measure the effectiveness of the
implemented quality system. Assessment activities may include management assessments
and independent assessments.

Assessment activities will be documented. Reports resulting from management
assessments will be issued to the responsible manager and distributed internally to project
management. Assessment activities involving subcontracted services will be coordinated
with the appropriate levels of project management and will be documented.

The S.nier. En-vir.n. .ntal Sp .. ali..RS0 will promptly define corrective actions and
correct deficiencies identified through assessments. Corrective actions will be
independently verified by staff not organizationally reporting to the Senior-
Envir...n.nt.l Sp..iali.tRSO. Verification will be documented and retained in the
assessment file.
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type and version requirements, and contents of the document, including any supporting 
documents, data, and references. 

7.7 Quality Improvement, Assessment, and Oversight 

All personnel must continually seek to improve the quality of their work. This section 
addresses the activities for assessing the effectiveness of the implementation of the 
project and associated QAJQC requirements. 

7.7.1 Quality Improvement 

Management encourages innovation and continuous improvement in the work 
environment by fostering a "no fault" attitude to encourage the identification of problems 
and to create an atmosphere of openness to suggestions for improvement. All personnel 
are encouraged to identify and suggest improvements. 

Personnel have the freedom and authority to stop work until effective corrective action 
has been taken. Work that is performed by subcontractors will be subject to oversight. 
The work may be suspended immediately for imminent threats to health, safety, 
environmental release, or significant adverse quality issues. Re-start of such work 
stoppages will be at the direction of the Senior Vice President, ISR Operations. 

7.7.2 Assessment and Response Actions 

Assessments of project activities will be planned and scheduled with the appropriate 
levels of management. The Director of Environmental and Regulatory Affairs is 
responsible for scheduling and administering the internal assessment plan. When the 
assessment is conducted, results will be evaluated to measure the effectiveness of the 
implemented quality system. Assessment activities may include management assessments 
and independent assessments. 

Assessment activities will be documented. Reports resulting from management 
assessments will be issued to the responsible manager and distributed internally to project 
management. Assessment activities involving subcontracted services will be coordinated 
with the appropriate levels of project management and will be documented . 

. I The Senior Environmental SpecialistRSO will promptly define corrective actions and 
correct deficiencies identified through assessments. Corrective actions will be 
independently verified by staff not organizationally reporting to the Senior 
Environmental SpecialistRSO. Verification will be. documented and retained in the 
assessment file. 
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7.7.2.1 Management Assessments
Included in the management assessments are human resource issues, operations issues,
resource allocation, financial performance, financial controls, and quality control. The
Senior Vice President, ISR Operations is responsible for ensuring that project staff
supports these activities as delegated, that they observe firsthand the work in progress,
communicate with those performing the work, identify potential or current problems, and
identify good practices.

The Senior Vice President, ISR Operations shall determine the scope, schedule, and
responsibilities for site-specific management assessment. All levels of management are
responsible for responding to assessment findings and completing agreed-upon corrective
actions.

7.7.2.2 Independent Assessments
Independent assessments (e.g., audits and surveillances) will be planned, performed, and
documented in accordance with written instructions, procedures, or checklists.

Personnel who lead independent assessments (audits or surveillances) must be qualified,
have reporting independence, and have access to the areas of inquiry. The Senior Vice
President, ISR Operations or designee will track, report on the status, and verify closure
of independent assessments and external assessment findings.

The Senior Vice President, ISR Operations is responsible for responding to assessment
findings and ensuring that agreed-upon corrective actions are completed in a timely
manner.

7.7.3 Reviews

Reviews are an integral component to the success of project activities. Reviews are
conducted during planning and throughout the project to ensure that project objectives
will be met. Reviews conducted at the project level may consist of:

" Management reviews-to ensure the adequacy of planning and availability of resources

" Administrative and technical reviews-typically include reviews of project documents
to ensure that project objectives are clearly described and sufficiently planned,
scheduled, and managed in accordance with project management strategies.
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Included in the management assessmerits are human resource issues, operations issues, 
resource allocation, financial performance, financial controls, and quality control. The 
Senior Vice President, ISR Operations is responsible for ensuring that project staff 
supports these activities as delegated, that they observe firsthand the work in progress, 
communicate with those performing the work, identify potential or current problems, and 
identify good practices. 

The Senior Vice President, ISR Operations shall determine the scope, schedule, and 
responsibilities for site-specific management assessment. All levels of management are 
responsible for responding to assessment findings and completing agreed-upon corrective 
actions. 

7.7.2.2 Independent Assessments 
Independent assessments (e.g., audits and surveillances) will be planned, performed, and 
documented in accordance with written instructions, procedures, or checklists. 

Personnel who lead independent assessments (audits or surveillances) must be qualified, 
have reporting independence, and have access to the areas of inquiry. The Senior Vice 
President, ISR Operations or designee will track, report on the status, and verify closure 
of independent assessments and external assessment findings. 

The Senior Vice President, ISR Operations is responsible for responding to assessment 
findings and ensuring that agreed-upon corrective actions are completed in a timely 
manner. 

7.7.3 Reviews 

Reviews are an integral component to the success of project activities. Reviews are 
conducted during planning and throughout the project to ensure that project objectives 
will be met. Reviews conducted at the project level may consist of: 

• Management reviews-to ensure the adequacy of planning and availability of resources 

• Administrative and technical reviews-typically include reviews of project documents 
to ensure that project objectives are clearly described and sufficiently planned, 
scheduled, and managed in accordance with project management strategies. 
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" Procurement Reviews-typically Uranium One Americas policies and procedures that
apply to purchasing goods and services. Subcontracted analytical laboratories are
required to have a documented QA program. Laboratory capability may be evaluated
through review of the QA program description or through pre-award survey or vendor
audit activities. The results of the survey are documented and provided to the
laboratory.

* Readiness Reviews-Readiness reviews are routinely conducted to ensure that
appropriate planning has taken place to allow the work to proceed safely and effectively
and to ensure that as many contingencies and prerequisites as possible have been
reviewed and addressed for the work. The Senior Vice President, ISR Operations is
responsible for determining the level of rigor and formality of project readiness reviews
based on complexity, frequency, and risk of work. Readiness reviews are routinely
planned and conducted before the start of major project activities, before the start of
new or infrequent tasks, and prior to scheduled sampling events.

" Independent Peer Reviews-May be conducted to solicit input for the planned technical
approach and data quality objectives of the project or task.

* Data Review-to ensure that the data collected and used for each activity of the project
are of sufficient quality. The Seni"" EnviFE•-:....at1 SpeialistRSO will conduct data
reviews as a quality measure to ensure the adequacy and completeness of field
activities. In addition, data review, verification, and validation will be conducted after a
sampling event. Analytical data will be reviewed and summarized in the laboratory
report. The results will include an explanation of any laboratory problems and their
possible effects on data quality.

7.7.4 Reports to Management

Management assessments, internal assessments, and external appraisal report findings are
documented. The QA organization maintains the schedule and file for these reports that
are typically issued to the responsible manager.

Quality improvement actions (e.g., planning, lessons learned, nonconformance reporting,
tracking and follow-up, and reviews) will be documented and reported to management.
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• Procurement Reviews-typically Uranium One Americas policies and procedures that 
apply to purchasing goods and services. Subcontracted analytical laboratories are 
required to have a documented QA program. Laboratory capability may be evaluated 
through review of the QA program description or through pre-award surveyor vendor 
audit activities. The results of the survey are documented and provided to the 
laboratory. 

• Readiness Reviews-Readiness reviews are routinely conducted to ensure that 
appropriate planning has taken place to allow the work to proceed safely and effectively 
and to ensure that as many contingencies and prerequisites as possible have been 
reviewed and addressed for the work. The Senior Vice President, ISR Operations is 
responsible for determining the level of rigor and formality of project readiness reviews 
based on complexity, frequency, and risk of work. Readiness reviews are routinely 
planned and conducted before the start of major project activities, before the start of 
new or infrequent tasks, and prior to scheduled sampling events. 

• Independent Peer Reviews-May be conducted to solicit input for the planned technical 
approach and data quality objectives of the project or task. 

• Data Review-to ensure that the data collected and used for each activity of the project 
are of sufficient quality. The Senior Environmental SpecialistRSO will conduct data 
reviews as a quality measure to ensure the adequacy and completeness of field 
activities. In addition, data review, verification, and validation will be conducted after a 
sampling event. Analytical data will be reviewed and summarized in the laboratory 
report. The results will include an explanation of any laboratory problems and their 
possible effects on data quality. 

7.7.4 Reports to Management 

Management assessments, internal assessments, and external appraisal report findings are 
documented. The QA organization maintains the schedule and file for these reports that 
are typically issued to the responsible manager. 

Quality improvement actions (e.g., planning, lessons learned, nonconformance reporting, 
tracking and follow-up, and reviews) will be documented and reported to management. 
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Miscellaneous Open Issue No. 10
Procedure for updating monitoring plan

July 27 2009 Teleconference

Open Issue discussion:

The applicant stated that monitoring procedures have been established for the sampling
and process design at WY ISR sites. It stated that the site specific environmental
monitoring plan defined in the application describes the sample location and sampling
frequency and types of analysis. The applicant stated that the environmental monitoring
plan would be reviewed every five years and updated as necessary. NRC staff concurs
that non-radiological environmental monitoring to be conducted at Moore Ranch has
been sufficiently described in the application. However, the applicant did not state that
updates to the monitoring plan will be made by license amendment or through the SERP
Process. (QA Plan pg 8).

Answer:

Any updates to the monitoring plan that would eliminate or modify monitoring
parameters, locations, or frequencies specified in the License Application will be made
by license amendment. The RSO can initiate changes to environmental monitoring plans
that do not require a license amendment. These changes will be managed as described in
Section 5.2 of the Technical Report.

Proposed Revisions to License Application

Addendum 5-A, Wyoming ISR Operations Quality Assurance Plan, of the license
application has been revised in response to this Open Issue. Changes to the original text
as submitted to NRC are noted in red-line/strikeout method in the December 2009,
revision of Addendum 5-A included with the July 27, 2009 Miscellaneous Open Issue 9
response.
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Miscellaneous Open Issue No. 10 
Procedure for updating monitoring plan 

July 27 2009 Teleconference 

The applicant stated that monitoring procedures have been established for the sampling 
and process design at WY ISR sites. It stated that the site specific environmental 
monitoring plan defined in the application describes the sample location. and sampling 
frequency and types of analysis. The applicant stated that the environmental monitoring 
plan would be reviewed every five years and updated as necessary. NRC staff concurs 
that non-radiological environmental monitoring to be conducted at Moore Ranch has 
been sufficiently described in the application. However, the applicant did not state that 
updates to the monitoring plan will be made by license amendment or through the SERP 
Process. (QA Plan pg 8). 

Answer: 

Any updates to the monitoring plan that would eliminate or modify monitoring 
parameters, locations, or frequencies specified in the License Application will be made 
by license amendment. The RSO can initiate changes to environmental monitoring plans 
that do not require a license amendment. These changes will be. managed as described in 
Section 5.2 of the Technical Report. 

Proposed Revisions to License Application 

Addendum 5-A, Wyoming ISR Operations Quality Assurance Plan, of the license 
application has been revised in response to this Open Issue. Changes to the original text 
as submitted to NRC are noted in red-line/strikeout method in the December 2009, 
revision of Addendum 5-A included with the July 27, 2009 Miscellaneous Open Issue 9 
response. 



Miscellaneous Open Issue No. 11
Discussion of standard procedures for sampling

July 27 2009 Teleconference

Open Issue discussion:

The applicant stated that sampling methods will follow procedures based on nationally
recognized consensus standards such as EPA methods, American Society for Testing and
Materials Standards, or instrument manufacturer recommended procedures. The Senior
Environmental Specialist (SES) will be responsible for ensuring that field measurements
and samples are properly documented, occur at the prescribed frequency and location,
and are obtained in compliance with procedures and requirements specified. The
applicant reported that any deviation from these procedures would have to be approved
by the SES before the start of work. The applicant did not state how standard procedures
would be selected, maintained on site, provided to the employees, or revised. (QA Plan
pg 9).

Answer: The Radiation Safety Officer has been assigned the responsibilities for ensuring
that the QA Plan is followed. Standard Operating Procedures are developed by the
Environmental or Radiation staff for activities involving sampling specified by the
license. Standard Operating Procedures are reviewed and approved by the Radiation
Safety Officer prior to implementation. All standard procedures will be available
electronically or a hard copy is available at the site environmental or radiation offices.

Standard procedures are selected and or revised as specified in Section 5.2.1 of the
Technical Report and Section 7.2 of the QA Plan.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this Open
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

No proposed changes to text

• 

Miscellaneous Open Issue No. 11 
Discussion of standard procedures for sampling 

July 27 2009 Teleconference 

Open Issue discussion: 

The applicant stated that sampling methods will follow procedures based on nationally 
recognized consensus standards such as EPA methods, American Society for Testing and 
Materials Standards, or instrument manufacturer recommended procedures. The Senior 
Environmental Specialist (SES) will be responsible for ensuring that field measurements 
and samples are properly documented, occur at the prescribed frequency and location, 
and are obtained in compliance with procedures and requirements specified. The 
applicant reported that any deviation from these procedures would have to be approved 
by the SES before the start of work. The applicant did not state how standard procedures 
would be selected, maintained on site, provided to the employees, or revised. (QA Plan 
pg 9). 

Answer: The Radiation Safety Officer has been assigned the responsibilities for ensuring 
that the QA Plan is followed. Standard Operating Procedures are developed by the 
Environmental or Radiation staff for activities involving sampling specified by the 
license. Standard Operating Procedures are reviewed and approved by the Radiation 
Safety Officer prior to implementation. All standard procedures will be available 
electronically or a hard copy is available at the site environmental or radiation offices. 

Standard procedures are selected and or revised as specified in Section 5.2.1 of the 
Technical Report and Section 7.2 of the QA Plan. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this Open 
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 

No proposed changes to text 



Miscellaneous Open Issue No. 12
Lack of discussion of decontamination of sample containers and equipment

July 27 2009 Teleconference

Open Issue discussion:

The applicant described the preparation and decontamination requirements for the
sampling equipment. This included a brief discussion of requirements for sample
containers, preservation, and holding times. No description of in-house cleaning of
sampling equipment, sample containers, or other instruments was provided. Please
discuss the above procedures to prevent cross-contamination of samples (QA Plan pg 10).

Answer:

The in-house laboratory QA/QC is described in Addendum 5-A, Sections 7.4.4.2
Laboratory QA/QC and 7.4.5 Instrument/Equipment Testing Inspection, Calibration and
Maintenance which address the cross-contamination concerns. Although not currently
developed a detailed in-house Laboratory Quality Assurance Plan will incorporate
equipment, instrument and container cleaning protocols.

Field QA/QC requirements for equipment, instruments and containers are addressed in
Addendum 5-A, Section 7.4.4.1 Field QA/QC and Section 7.4.5.1 Field Equipment and
Instruments which address the cross-contamination concerns.

Section 7.3.2 Container of Requirements, of Addendum 5-A will be modified to clarify
concerns of cross contamination.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this SER
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

Addendum 5-A, Wyoming ISR Operations Quality Assurance Plan, of the license
application has been revised in response to this Open Issue. Changes to the original text
as submitted to NRC are noted in red-line/strikeout method in the December 2009,
revision of Addendum 5-A included with the July 27, 2009 Miscellaneous Open Issue 9
response.

• 

• 

• 

Miscellaneous Open Issue No. 12 
Lack of discussion of decontamination of sample containers and equipment 

July 27 2009 Teleconference 

Open Issue discussion: 

The applicant described the preparation and decontamination requirements for the 
sampling equipment. This included a brief discussion of requirements for sample 
containers, preservation, and holding times. No description of in-house cleaning of 
sampling equipment, sample containers, or other instruments was provided. Please 
discuss the above procedures to prevent cross-contamination of samples (QA Plan pg 10). 

Answer: 

The in-house laboratory QAJQC is described in Addendum 5-A, Sections 7.4.4.2 
Laboratory QAJQC and 7.4.5 InstrumentiEquipment Testing Inspection, Calibration and 
Maintenance which address the cross-contamination concerns. Although not currently 
developed a detailed in-house Laboratory Quality Assurance Plan will incorporate 
equipment, instrument and container cleaning protocols. 

Field QAJQC requirements for equipment, instruments and containers are addressed in 
Addendum 5-A, Section 7.4.4.1 Field QAJQC and Section 7.4.5.1 Field Equipment and 
Instruments which address the cross-contamination concerns. 

Section 7.3.2 Container of Requirements, of Addendum 5-A will be modified to clarify 
concerns of cross contamination. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this SER 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 

Addendum 5-A, Wyoming ISR Operations Quality Assurance Plan, of the license 
application has been revised in response to this Open Issue. Changes to the original text 
as submitted to NRC are noted in red-line/strikeout method in the December 2009, 
revision of Addendum 5-A included with the July 27, 2009 Miscellaneous Open Issue 9 
response. 



Miscellaneous Open Issue No. 13
Site specific records management plan

July 27 2009 Teleconference

Open Issue discussion:

The applicant stated that documentation and records will be specified, prepared,
reviewed, approved, and maintained under a site-specific records management plan.
Procedures for document control and changes, corrections to documents, document
updates and revisions, field documentation, laboratory documentation and reports
received from subcontractors were presented. The SES will be responsible for ensuring
that all documentation and records are appropriately identified and maintained.
Modifications to the site-specific records plan must be submitted and approved by the
SES. The applicant did not provide the site-specific records management plan to enable
NRC to evaluate where or how long records will be maintained. (QA Plan pg 22)

Answer:

The Wyoming ISR Operations Quality Assurance Plan was developed to cover all
Uranium One ISR operations in Wyoming and I necessarily general in nature. A site-
specific records management plan will be necessary for each operation based on specific
regulatory and license/permit requirements for that site. Addendum 5-A will be revised to
reflect the minimum regulatory requirements for all records management plans and will
include the following information.

Records not utilized to determine occupational dose that require a 3 year retention period
as specified in 10 CFR §20.2103:

" Area beta-gamma measurements and associated instrument
calibrations not utilized to determine employee dose;

" Equipment release records and associated instrument calibrations
" Instrument daily function check records;
" Alpha contamination surveys eating areas; and
* Personnel contamination surveys frisking stations

Instructions for the proper maintenance, control, and retention of records will be
developed and will be consistent with the requirements of 10 CFR 20 Subpart L and 10
CFR §40.61 (d) and (e). The following specific records will be permanently maintained
and retained until license termination:

" Records of disposal of byproduct material on site through deep disposal
wells as required in 10 CFR §20.2002 and transfers or disposal off site of
source or byproduct material;

" Records of surveys, calibrations, personnel monitoring, and bioassays as
required in 10 CFR §20.2103;

• 

• 

• 

Miscellaneous Open Issue No. 13 
Site specific records management plan 

July 27 2009 Teleconference 

Open Issue discussion: 

The applicant stated that documentation and records will be specified, prepared, 
reviewed, approved, and maintained under a site-specific records management plan. 
Procedures for document control and changes, corrections to documents, document 
updates and revisions, field documentation, laboratory documentation and reports 
received from subcontractors were presented. The SES will be responsible for ensuring 
that all documentation and records are appropriately identified and maintained. 
Modifications to the site-specific records plan must be submitted and approved by the 
SES. The applicant did not provide the site-specific records management plan to enable 
NRC to evaluate where or how long records will be maintained. (QA Plan pg 22) 

Answer: 

The Wyoming ISR Operations Quality Assurance Plan was developed to cover all 
Uranium One ISR operations in Wyoming and I necessarily general in nature. A site­
specific records management plan will be necessary for each operation based on specific 
regulatory and license/permit requirements for that site. Addendum 5-A will be revised to 
reflect the minimum regulatory requirements for all records management plans and will 
include the following information. 

Records not utilized to determine occupational dose that require a 3 year retention period 
as specified in 10 CFR §20.2103: 

• Area beta-gamma measurements and associated instrument 
calibrations not utilized to determine employee dose; 

• Equipment release records and associated instrument calibrations 
• Instrument daily function check records; 
• Alpha contamination surveys eating areas; and 
• Personnel contamination surveys frisking stations 

Instructions for the proper maintenance, control, and retention of records will be 
developed and will be consistent with the requirements of 10 CFR 20 Subpart L and 10 
CFR §40.61 (d) and (e). The following specific records will be permanently maintained 
and retained until license termination: 

• Records of disposal of byproduct material on site through deep disposal 
wells as required in 10 CFR §20.2002 and transfers or disposal off site of 
source or byproduct material; 

• Records of surveys, calibrations, personnel monitoring, and bioassays as 
required in 10 CFR §20.2103; 



" Records containing information pertinent to decommissioning and
reclamation such as descriptions of spills, excursions, contamination
events etc. including the dates, locations, areas, or facilities affected,
assessments of hazards, corrective and cleanup actions taken, and potential
locations of inaccessible contamination;

• Records of infornation related to site and aquifer characterization and
background radiation levels;

• As-build drawings and photographs of structures, equipment, restricted
areas, well fields, areas where radioactive materials are stored, and any
modifications showing the locations of these structures and systems; and

• Records of the radiation protection program including program revisions,
standard operating procedures, radiation work permits, training and
qualification records, SERP proceedings and audits.

The RSO will be responsible for ensuring that the required records are maintained and
controlled. Hard copies of all records will be maintained on site in a controlled
environment to protect them from damage deterioration and will be available for NRC
inspection. Electronic copies may be maintained in addition to hard copies with backup
protection. Duplicates of all records will be maintained in the Casper office or other
offsite location(s).

Recordkeeping and retention has been incorporated into Addendum 5-A of the Technical
Report in Section 7.6.1.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this Open
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

5.2.3 Record Keeping and Retention

Records not utilized to determine Occupations dose that require a 3 years retention period
as specified in 10 CFR §20.2103:

" Area beta-gamma measurements and associated instrument
calibrations not utilized to determine employee dose;

* Equipment release records and associated instrument calibrations
* Instrument daily function check records:
" Alpha contamination surveys eating areas; and
" Personnel contamination surveys frisking stations

In addition, Addendum 5-A, Wyoming ISR Operations Quality Assurance Plan, of the
license application has been revised in response to this Open Issue. Changes to the
original text as submitted to NRC are noted in red-line/strikeout method in the December

• 

• 

• Records containing information pertinent to decommissioning and 
reclamation such as descriptions of spills, excursions, contamination 
events etc. including the dates, locations, areas, or facilities affected, 
assessments of hazards, corrective and cleanup actions taken, and potential 
locations of inaccessible contamination; 

• Records of information related to site and aquifer· characterization and 
background radiation levels; 

• As-build drawings and photographs of structures, equipment, restricted 
areas, well fields, areas where radioactive materials are stored, and any 
modifications showing the locations of these structures and systems; and 

• Records of the radiation protection program including program revisions, 
standard operating procedures, radiation work permits, training and 
qualification records, SERP proceedings and audits. 

The RSO will be responsible for ensuring that the required records are maintained and 
controlled. Hard copies of all records will be maintained on site in a controlled 
environment to protect them from damage deterioration and will be available for NRC 
inspection. Electronic copies may be maintained in addition to hard copies with backup 
protection. Duplicates of all records will be maintained in the Casper office or other 
offsite location(s). 

Recordkeeping and retention has been incorporated into Addendum 5-A of the Technical 
Report in Section 7.6.1. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this Open 
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 

5.2.3 Record Keeping and Retention 

Records not utilized to determine Occupations dose that require a 3 years retention period 
as specified in 10 CFR §20.2103: 

• Area beta-gamma measurements and associated instrument 
calibrations not utilized to determine employee dose; 

• Equipment release records and associated instrument calibrations 
• Instrument daily function check records; 
• Alpha contamination surveys eating areas; and 
• Personnel contamination surveys frisking stations 

In addition, Addendum 5-A, Wyoming ISR Operations Quality Assurance Plan, of the 
license application has been revised in response to this Open Issue. Changes to the 
original text as submitted to NRC are noted in red-line/strikeout method in the December 



2009, revision of Addendum 5-A included with the July 27, 2009 Miscellaneous Open
Issue 9 response.• 2009, revision of Addendum 5-A included with the July 27, 2009 Miscellaneous Open 
Issue 9 response. 



Miscellaneous Open Issue No. 14
Discussion of functions of onsite and subcontract labs and their QA programs

July 27 2009 Teleconference

Open Issue discussion:

The applicant provided procedures for receipt of samples at the subcontract analytical
laboratory. It stated that upon receipt, the lab will be responsible for the care, custody,
archiving, and disposal of samples. It stated that any laboratory that analyzes samples
will have a written QA/QC program that ensures reliability and validity of all analyses. It
stated that subcontracted laboratories will be required to pass appropriate audits or be
certified. In the plan, the applicant did not distinguish between the on-site laboratory or
subcontractor laboratory. NRC staff, therefore, could not assess if these terms were
synonymous. Please describe the function of the on-site laboratory and subcontract
laboratory and state if the QA/QC and accreditation at the onsite laboratory would be the
same as the subcontract laboratory. (QA Plan pgs 8 and 14).

Answer:
The primary function of the on-site laboratory is for process control and product grade
determinations and is currently not intended to be a Radioanalytical Laboratory.
Accreditation of the onsite laboratory will not be required.

Analysis of Environmental samples for wellfield excursion indicators will be performed
for chloride, conductivity and total alkalinity at the on-site laboratory. QA/QC practices
will follow the applicable guidance specified in Section 6.2 of Regulatory Guide 4.15.
Specific laboratory standard operating procedures and quality assurance plan will be
developed prior to operation for the onsite laboratory.

The on-site analytical laboratory will utilize standard EPA methodologies, standard
methodologies or equivalent for analytical methods.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this SER
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

No changes proposed

Miscellaneous Open Issue No. 14 
Discussion of functions of onsite and subcontract labs and their QA programs 

July 27 2009 Teleconference 

Open Issue discussion: 

The applicant provided procedures for receipt of samples at the subcontract analytical 
laboratory. It stated that upon receipt, the lab will be responsible for the care, custody, 
archiving, and disposal of samples. It stated that any laboratory that analyzes samples 
will have a written QAlQC program that ensures reliability and validity of all analyses. It 
stated that subcontracted laboratories will be required to pass appropriate audits of be 
certified. In the plan, the applicant did not distinguish between the on-site laboratory or 
subcontractor laboratory. NRC staff, therefore, could not assess if these terms were 
synonymous. Please describe the function of the on-site laboratory and subcontract 
laboratory and state if the QAlQC and accreditation at the onsite laboratory would be the 
same as the subcontract laboratory. (QA Plan pgs 8 and 14). 

Answer: 
The primary function of the on-site laboratory is for process control and product grade 
determinations and is currently not intended to be a Radioanalytical Laboratory. 
Accreditation of the onsite laboratory will not be required. 

Analysis of Environmental samples for wellfield excursion indicators will be performed 
for chloride, conductivity and total alkalinity at the on-site laboratory. QAlQC practices 
will follow the applicable guidance specified in Section 6.2 of Regulatory Guide 4.15. 
Specific laboratory standard operating procedures and quality assurance plan will be 
developed prior to operation for the onsite laboratory. 

The on-site analytical laboratory will utilize standard EPA methodologies, standard 
methodologies or equivalent for analytical methods. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this SER 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 

No changes proposed 



Miscellaneous Open Issue No. 15
Discussion of corrective action program integrating QA components

July 27 2009 Teleconference

Open Issue discussion:

The applicant has not discussed or demonstrated a corrective action program at the site
that integrates components of the Quality Assurance program. The staff cannot determine
if the applicant will adequately identify deficiencies and take corrective action.

Answer:

I See Response to Open Item 25 in July 27, 2009

Proposed Revisions to License Application

The following changes are proposed. to the license application in response to this SER
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

Miscellaneous Open Issue No. 15 
Discussion of corrective action program integrating QA components 

July 27 2009 Teleconference 

Open Issue discussion: 

The applicant has not discussed or demonstrated a corrective action program at the site 
that integrates components of the Quality Assurance program. The staff cannot determine 
if the applicant will adequately identify deficiencies and take corrective action. 

Answer: 

See Response to Open Item 25 in July 27,2009 

Proposed Revisions to License Application 

The following changes are proposed. to the license application in response to this SER 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 



Radiological Open Issue No. 1
Proposed in-plant locations of airborne particulate and radon daughter monitoring

August 18, 2009 Teleconference

Open Issue discussion:

The applicant stated that the proposed locations of airborne particulate and radon
daughter samples are depicted in Figure 5.7-1 of the Technical Report. The applicant
provided a page with a title but no map or figures showing the proposed locations of
airborne particulate and radon daughter sampling. The staff, therefore, cannot determine
if the applicant has properly located the airborne particulate and radon daughter sampling
stations in the facility in accordance with Regulatory Guide 8.25.

Answer:

See response to May 11,2009 Non-Hydrology Open Issue 5

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this SER
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

• 

Radiological Open Issue No.1 
Proposed in-plant locations of airborne particulate and radon daughter monitoring 

August 18, 2009 Teleconference 

Open Issue discussion: 

The applicant stated that the proposed locations of airborne particulate and radon 
daughter samples are depicted in Figure 5.7-1 of the Technical Report. The applicant 
provided a page with a title but no map or figures showing the proposed locations of 
airborne particulate and radon daughter sampling. The staff, therefore, cannot determine 
if the applicant has properly located the airborne particulate and radon daughter sampling 
stations in the facility in accordance with Regulatory Guide 8.25. 

Answer: 

See response to May 11,2009 Non-Hydrology Open Issue 5 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this SER 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method . 



Radiological Open Issue No. 2
Frequency of air sampling in airborne radioactivity areas

August 18, 2009 Teleconference

Open Issue discussion:

No discussion of weekly sampling requirement for airborne areas per RG 8.30.

Answer:

The application will be revised to incorporate weekly sampling for airborne radioactivity
areas.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this Open
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

5.7Z3 IN-PLANTAIRBORNE RADIATION MONITORING PROGRAM

5.7.3.1 Airborne Uranium Particulate Monitoring

Airborne particulate levels at solution mines that employ vacuum dryers are very
low since there are no emissions. The primary potential source of airborne
uranium is during yellowcake packaging. This operation will be confined to the
dryer room. The room will be closed and posted as an airborne radioactivity area
during packaging. The proposed airborne uranium sampling locations for the
Moore Ranch Central Plant are shown on Figure 5.7-1. Samples will be obtained
using area samplers on a monthly frequency. For airborne radioactivity areas as
defined in 10 CFR 20.1003, samples will be obtained using area samplers on a
weekly frequency if workers occupy the area.

Radiological Open Issue No.2 
Frequency of air sampling in airborne radioactivity areas 

August 18,2009 Teleconference 

Open Issue discussion: 

No discussion of weekly sampling requirement for airborne areas per RG 8.30. 

Answer: 

The application will be revised to incorporate weekly sampling for airborne radioactivity 
areas. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this Open 
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 

5.7.3 IN-PLANT AIRBORNE RADIATION MONITORING PROGRAM 

5.7.3.1 Airborne Uranium Particulate Monitoring 

Airborne particulate levels at solution mines that employ vacuum dryers are very 
low since there are no emissions. The primary potential source of airborne 
uranium is during yellowcake packaging. This operation will be confined to the 
dryer room. The room will be closed and posted as an airborne radioactivity area 
during packaging. The proposed airborne uranium sampling locations for the 
Moore Ranch Central Plant are shown on Figure 5.7-1. Samples will be obtained 
using area samplers on a monthly frequency. For airborne radioactivity areas as 
defined in 10 CFR 20.1003. samples will be obtained using area samplers on a 
weekly frequency if workers occupy the area. 



AIRBORNE URANIUM PARTICULATE MONITORING PROGRAM

Radiological Open Issue No. 3
Action level for uranium or other radionuclides based on gross alpha counting of air

filters
August 18, 2009 Teleconference

Open Issue discussion:

The applicant indicated that the measurement of airborne uranium will be performed by
gross alpha counting of the air filters for uranium air particulates. The applicant has not
provided justification that the air filters will contain only uranium or explained how it
will evaluate a mixture of radionuclides including uranium. The staff notes that Ra-226
and Th-230 may also be present in the air, and thus, a mixture of radionuclides may be
present on the air filters. Gross alpha counting of the air filters will not be able to
differentiate specific radionuclides. Consequently, the applicant may not be able to
accurately determine if the action level for uranium or other radionuclides, such as Ra-
226 and Th-230, has been reached by relying on gross alpha counting of the air filters.

Answer:

In response to this open issue, it is important and fundamental to recognize the
radiological environment of a modem ISR as related to the potential radionuclides of
concern that could become airborne. Studies performed in the late 1970s and early 1980s
of radionuclide mobilization from several ISRs (see references provided below) and
subsequent measurements at operating ISRs indicate a relatively small portion of the
uranium daughter products in the ore body are actually mobilized by the lixiviant. The
vast majority of secular equilibrium radionuclides remain in the host formation. This is
one of the recognized public health and safety benefits of ISR mining when compared
with conventional milling. In these studies, thorium-230 appeared to equilibrate and very
little was actually removed by the process. The majority of the mobilized radium-226
(80-90 percent), which was estimated to be approximately 5 to 15 percent of the
calculated equilibrium radium in the host formation, followed the calcium chemistry in
the process and resulted in radium carbonates/sulfates in the calcite byproduct waste
streams. Little, if any, lead-210 was mobilized as the lead carbonate complexes formed in
situ are virtually insoluble in the lixiviant processes studied.

In addition to the fact that very little of these uranium daughter products are mobilized in
situ, the ion exchange (IX) resin used in ISR facilities is specific for removal of uranium.
Thorium compounds are not removed by the IX resin and are therefore not present in the
process downstream of the IX columns (e.g., elution, precipitation, and drying circuits).
Accordingly, the "nuclide mix" that can potentially become airborne in the precipitation,
drying and packaging areas of a modem ISR is expected to be almost exclusively U nat.
Ingrowth of the first few short lived daughter products (Thorium 234, Protactinium 234)
takes 4+ months to reach equilibrium and therefore is not expected to be associated with
relatively fresh product.

• 

• 

AIRBORNE URANIUM PARTICULATE MONITORING PROGRAM 

Radiological Open Issue No.3 
Action level for uranium or other radionuclides based on gross alpha counting of air 

filters 
August 18, 2009 Teleconference 

Open Issue discussion: 

The applicant indicated that the measurement of airborne uranium will be performed by 
gross alpha counting of the air filters for uranium air particulates. The applicant has not 
provided justification that the air filters will contain only uranium or explained how it 
will evaluate a mixture of radionuclides including uranium. The staff notes that Ra-226 
and Th-230 may also be present in the air, and thus, a mixture of radionuclides may be 
present on the air filters. Gross alpha counting of the air filters will not be able to 
differentiate specific radionuclides. Consequently, the applicant may not be able to 
accurately determine if the action level for uranium or other radionuclides, such as Ra-
226 and Th-230, has been reached by relying on gross alpha counting of the air filters. 

Answer: 

In response to this open issue, it is important and fundamental to recognize the 
radiological environment of a modem ISR as related to the potential radionuclides of 
concern that could become airborne. Studies performed in the late 1970s and early 1980s 
of radionuclide mobilization from several ISRs (see references provided below) and 
subsequent measurements at operating ISRs indicate a relatively small portion of the 
uranium daughter products in the ore body are actually mobilized by the lixiviant. The 
vast majority of secular equilibrium radionuclides remain in the host formation. This is 
one of the recognized public health and safety benefits of ISR .mining when compared 
with conventional milli~g. In these studies, thorium-230 appeared to equilibrate and very 
little was actually removed by the process. The majority of the mobilized radium-226 
(80-90 percent), which was estimated to be approximately 5 to 15 percent of the 
calculated equilibrium radium in the host formation, followed the calcium chemistry in 
the process and resulted I in radium carbonates/sulfates in the calcite byproduct waste 
streams. Little, if any, lead-210 was mobilized as the lead carbonate complexes formed in 
situ are virtually insoluble in the lixiviant processes studied. 

In addition to the fact that very little of these uranium daughter products are mobilized in 
situ, the ion exchange (IX) resin used in ISR facilities is specific for removal of uranium. 
Thorium compounds are not removed by the IX resin and are therefore not present in the 
process downstream of the IX columns (e.g., elution, precipitation, and drying circuits). 
Accordingly, the "nuclide mix" that can potentially become airborne in the precipitation, 
drying and packaging areas of a modem ISR is expected to be almost exclusively U nat. 
Ingrowth of the first few short lived daughter products (Thorium 234, Protactinium 234) 
takes 4+ months to reach equilibrium and therefore is not expected to be associated with 
relatively fresh product. 



Additionally, it should be noted that in accordance with 10 CFR §20.1204(g), nuclides
can be ignored in a mixture in air if the total activity in the mixture is used to determine
compliance with §20.1201 and §20.1502(b) and any nuclides ignored are < 10% of the
mixture and the sum of all nuclides ignored are < 30% of the mixture. For modem ISRs,
these conditions are expected to me met.

In order to confirm that natural uranium is the primary radionuclide of concern in
airborne particulate samples at Moore Ranch, EMC will prepare composite samples from
each of the air particulate monitoring locations noted in Figure 5.7-1 of the Technical
Report. These sample locations will adequately characterize various points in the process
(e.g., lixiviant, precipitation, and drying/packaging areas). These samples will be
submitted to a contract laboratory for radioisotopic analysis. Samples will be analyzed for
natural uranium, Th-230, and Ra-226. EMC will compare the results of these samples
with mixture requirements in 10 CFR §20.1204(g) to ensure that the appropriate DAC
from 10 CFR 20 Appendix B Table 1 is used. If a "mixture" exists that does not meet the
exclusion rule @ 10 CFR §20.1204(g), a "sum of fractions" method will be used to
determine the appropriate DAC.

References

(1) Brown, S. 1982, Radiological Aspects of Uranium Solution Mining, In: Uranium,
1, 1982, p. 37-52, Elsevier Scientific Publishing Co.

(2) Brown, S, 2007, Radiological Aspects of In Situ Uranium Recovery. American
Society of Mechanical Engineers, Proceedings of 11 th International Conference on
Environmental Management, Bruges, Belgium, September; ASME Press, New
York, NY, ISBN 0-7918-3818-8

Radiological Open Issue No. 5
Selection of action level for soluble natural uranium

August 18, 2009 Teleconference

Open Issue discussion:

This is similar to the issue that was discussed during the July 27 conference call. The
applicant set an action level of 25 percent of the DAC for soluble natural uranium. The
applicant stated that the DAC for soluble (inhalation class "D") natural uranium is 5 E- 10
jtCi/ml. The applicant further stated that gross alpha counting will be conducted for air
particulate sampling. The applicant has not demonstrated that the activity on air samples
is attributed solely to uranium and that the inhalation class of the uranium is inhalation
class "D." The applicant has not demonstrated the most conservative DAC that will be
used for establishing action levels.

• 

• 

Additionally, it should be noted that in accordance with 10 CFR §20.1204(g), nuclides 
can be ignored in a mixture in air if the total activity in the mixture is used to determine 
compliance with §20.1201 and §20.1502(b) and any nuclides ignored are < 10% of the 
mixture and the sum of all nuclides ignored are < 30% of the mixture. For modern ISRs, 
these conditions are expected to me met. 

In order to confirm that natural uranium is the primary radionuclide of concern in 
airborne particulate samples at Moore Ranch, EMC will prepare composite samples from 
each of the air particulate monitoring locations noted in Figure 5.7-1 of the Technical 
Report. These sample locations will adequately characterize various points in the process 
(e.g., lixiviant, precipitation, and drying/packaging areas). These samples will be 
submitted to a contract laboratory for radioisotopic analysis. Samples will be analyzed for 
natural uranium, Th-230, and Ra-226. EMC will compare the results of these samples 
with mixture requirements in 10 CFR §20.1204(g) to ensure that the appropriate DAC 
from 10 CFR 20 Appendix B Table 1 is used. If a "mixture" exists that does not meet the 
exclusion rule @ 10 CFR §20.1204(g), a "suin of fractions" method will be used to 
determine the appropriate DAC. 
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(1) Brown, S. 1982, Radiological Aspects of Uranium Solution Mining, In: Uranium, 
1, 1982, p. 37-52, Elsevier Scientific Publishing Co . 

(2) Brown, S, 2007, Radiological Aspects of In Situ Uranium Recovery. American 
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Radiological Open Issue No.5 
Selection of action level for soluble natural uranium 

August 18, 2009 Teleconference 

Open Issue discussion: 

This is similar to the issue that was discussed during the July 27 conference call. The 
applicant set an action level of 25 percent of the DAC for soluble natural uranium. The 
applicant stated that the DAC for soluble (inhalation class "D") natural uranium is 5 E-I0 
IlCi/ml. The applicant further stated that gross alpha counting will be conducted for air 
particulate sampling. The applicant has not demonstrated that the activity on air samples 
is attributed solely to uranium and that the inhalation class of the uranium is inhalation 
class "D." The applicant has not demonstrated the most conservative DAC that will be 
used for establishing action levels . 



Answer:

This open issue was addressed in the response to Radiological Open Issue #12 from the
July 27, 2009 teleconference and in the response to Radiological Open Issue #3 from the
August 18 teleconference above.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this Open
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method. Note that the license application text in this response contains revisions
proposed for Radiological Open Issues 12 and 14from the July 27, 2009 teleconference.

5.7.3.1 Airborne Uranium Particulate Monitoring

Airborne particulate levels at solution mines that employ vacuum dryers are very
low since there are no emissions. The primary potential source of airborne
uranium is during yellowcake packaging. This operation will be confined to the
dryer room. The room will be closed and posted as an airborne radioactivity area
during packaging. The proposed airborne uranium sampling locations for the
Moore Ranch Central Plant are shown on Figure 5.7-1. Samples will be obtained
using area samplers on a monthly frequency. (weekly if > 10% DAC)

Area samples will be taken in accordance with standard operating procedures.
These procedures will implement the guidance contained in USNRC Regulatory
Guide 8.25. Samples will be taken with a glass fiber filter and a regulated air
sampler such as an Eberline RAS-1 or equivalent. Sample volume will be
adequate to achieve the lower limits of detection (LLD) for uranium in airAe__g..
<10% of the DAC). Samplers will be calibrated at the manufacturer's suggested
interval or semiannually with a digital mass flowmeter or other primary
calibration standard.

Breathing zone sampling will be performed to determine individual exposure to
airborne uranium during certain operations. Sampling will be performed with a
lapel sampler or equivalent. The air filters will be counted and compared to the
Derived Air Concentration (DAC) using the same method used for area sampling.
Air samplers will be calibrated at the manufacturer's recommended frequency or
at least every six months using a primary calibration standard. Air sampler
calibration will be performed in accordance with standard operating procedures.

Studies performed in the late 1970s and early 1980s of radionuclide mobilization
from several ISRs and subsequent measurements at operating ISRs indicate a
relatively small portion of the uranium daughter products in the ore body are
actually mobilized by the lixiviant (Brown, S. 1982; Brown, S. 2007). The vast
majority of secular equilibrium radionuclides remain in the host formation. In the

• 

• 

Answer: 

This open issue was addressed in the response to Radiological Open Issue #12 from the 
July 27,2009 teleconference and in the response to Radiological Open Issue #3 from the 
August 18 teleconference above. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this Open 
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. Note that the license application text in this response contains revisions 
proposed/or Radiological Open Issues 12 and 14 from the July 27,2009 teleconference. 

5.7.3.1 Airborne Uranium Particulate Monitoring 

Airborne particulate levels at solution mines that employ vacuum dryers are very 
low since there are no emissions. The primary potential source of airborne 
uranium is during yellowcake packaging. This operation will be confined to the 
dryer room. The room will be closed and posted as an airborne radioactivity area 
during packaging. The proposed airborne uranium sampling locations for the 
Moore Ranch Central Plant are shown on Figure 5.7-1. Samples will be obtained 
using area samplers on a monthly frequency. (weekly if>10% DAC) 

Area samples will be taken in accordance with standard operating procedures. 
These procedures will implement the guidance contained in USNRC Regulatory 
Guide 8.25. Samples will be taken with a glass fiber filter and a regulated air 
sampler such as an Eberline RAS-l or equivalent. Sample volume will be 
adequate to achieve the lower limits of detection (LLD) for uranium in air~ 
<10% of the DAC). Samplers will be calibrated at the manufacturer's suggested 
interval or semiannually with a digital mass flowmeter or other primary 
calibration standard. 

Breathing zone sampling will be performed to determine individual exposure to 
airborne uranium during certain operations. Sampling will be performed with a 
lapel sampler or equivalent. The air filters will be counted and compared to the 
Derived Air Concentration (DAC) using the same method used for area sampling. 
Air samplers will be calibrated at the manufacturer's recommended frequency or 
at least every six months using a primary calibration standard. Air sampler 
calibration will be performed in accordance with standard operating procedures. 

Studies performed in the late 1970s and early 1980s of radionuclide mobilization 
from several ISRs and subsequent measurements at operating ISRs indicate a 
relatively small portion of the uranium daughter products in the ore body are 
actually mobilized by the lixiviant (Brown, S. 1982; Brown, S. 2007). The vast 
majority of secular equilibrium radionuclides remain in the host formation. In the 



studies, thorium-230 appeared to equilibrate and very little was actually removed
by the process. The majority of the mobilized radium-226 (80-90 percent),
which was estimated to be approximately 5 to 15 percent of the calculated
equilibrium radium in the host formation, followed the calcium chemistry in the
process and resulted in radium carbonates/sulfates in the calcite byproduct waste
streams. Little, if any, lead-210 was mobilized as the lead carbonate complexes
formed in situ are virtually insoluble in the lixiviant processes studied. EMC
believes that these studies are indicative of the radionuclide mixture that should
be expected at Moore Ranch.

In addition to the fact that very little of these uranium daughter products are
mobilized in situ, the ion exchange (IX) resin planned for Moore Ranch is specific
for removal of uranium. Thorium compounds are not removed by the IX resin and
are therefore not present in the process downstream of the IX columns (e.g.,
elution, precipitation, and drying circuits). Accordingly, the "nuclide mix" that
can potentially become airborne in the precipitation, drying and packaging areas
at Moore Ranch is expected to be almost exclusively U-nat. Ingrowth of the first
few short lived daughter products (Thorium 234, Protactinium 234) takes about 4
months to reach equilibrium and therefore is not expected to be associated with
relatively fresh product.

In order to confirm these expectations concerning the radionuclides that may be
potentially present in air particulate samples obtained at the Moore Ranch project,
the initial air particulate samples obtained following plant startup will be
composited according to the sampler location as shown on Figure 5.7-1. These
sample locations will adequately characterize various points in the process (e.g.,
lixiviant, precipitation, and drying/packaging areas). These samples will be
submitted to a contract laboratory for radioisotopic analysis. Samples will be
analyzed for natural uranium, Th-230, and Ra-226. EMC will compare the results
of these samples with mixture requirements in 10 CFR §20.1204(g) to ensure that
the appropriate DAC from 10 CFR 20 Appendix B Table 1. During the time
period between initial plant startup and receipt of the analytical results for these
air particulate samples, EMC will apply the DAC for Th-230 to initial gross alpha
counting results. The DAC for natural uranium and Ra-226 is the same (i.e., 3 x

10 fACi/ml for solubility Class W). The DAC for Th-230 is 3 xI0 1 2 [Ci/ml

(solubility Class W). 10 CFR §20.1204(f) requires that if the identity of each
radionuclide in the mixture are known but the concentrations of one or more
radionuclides is not known, the most restrictive DAC must be used. If necessary,
the "sum of fractions" approach will be applied to establish the DAC for a
mixture.

Assuming that the results of the initial radioisotopic analysis confirm that U-nat is
the primary radionuclide of concern in the air particulate samples and that any
other uranium daughters can be disregarded as provided in 10 CFR §20.1204(g),
measurement of airborne uranium will be performed by gross alpha counting of
the air filters using an alpha scaler such as a Ludlum Model 2000 or equivalent.

• 

• 

• 

studies, thorium-230 appeared to equilibrate and very little was actually removed 
by the process. The majority of the mobilized radium-226 (80-90 percent), 
which was estimated to be approximately 5 to 15 percent of the calculated 
equilibrium radium in the host formation, followed the calcium chemistry in the 
process and resulted in radium carbonates/sulfates in the calcite byproduct waste 
streams. Little, if any, lead-210 was mobilized as the lead carbonate complexes 
formed in situ are virtually insoluble in the lixiviant processes studied. EMC 
believes that these studies are indicative of the radionuclide mixture that should 
be expected at Moore Ranch. 

In addition to the fact that very little of these uranium daughter products are 
mobilized in situ, the ion exchange (IX) resin planned for Moore Ranch is specific 
for removal of uranium. Thorium compounds are not removed by the IX resin and 
are therefore not present in the process downstream of the IX columns (e.g., 
elution, precipitation, and drying circuits). Accordingly, the "nuclide mix" that 
can potentially become airborne in the precipitation, drying and packaging areas 
at Moore Ranch is expected to be almost exclusively U-nat. Ingrowth of the first 
few short lived daughter products (Thorium 234, Protactinium 234) takes about 4 
months to reach equilibrium and therefore is not expected to be associated with 
relatively fresh product. 

In order to confirm these expectations concerning the radionuclides that may be 
potentially present in air particulate samples obtained at the Moore Ranch project, 
the initial air particulate samples obtained following plant startup will be 
compo sited according to the sampler location as shown on Figure 5.7-1. These 
sample locations will adequately characterize various points in the process (e.g., 
lixiviant, precipitation, and drying/packaging areas). These samples will be 
submitted to a contract laboratory for radioisotopic analysis. Samples will be 
analyzed for natural uranium, Th-230, and Ra-226. EMC will compare the results 
of these samples with mixture requirements in 10 CFR §20.1204(g) to ensure that 
the appropriate DAC from 10 CFR 20 Appendix B Table 1. During the time 
period between initial plant startup and receipt of the analytical results for these 
air particulate samples, EMC will apply the DAC for Th-230 to initial gross alpha 
counting results. The DAC for natural uranium and Ra-226 is the same (i.e., 3 x 
10-10 /lCi/ml for solubility Class W). The DAC for Th-230 is 3 xl0-12 /lCi/ml 
(solubility Class W). 10 CFR §20.1204(t) requires that if the identity of each 
radionuclide in the mixture are known but the concentrations of one or more 
radionuclides is not known, the most restrictive DAC must be used. If necessary, 
the "sum of fractions" approach will be applied to establish the DAC for a 
mixture. 

Assuming that the results of the initial radioisotopic analysis confirm that U-nat is 
the primary radionuclide of concern in the air particulate samples and that any 
other uranium daughters can be disregarded as provided in 10 CFR §20.1204(g), 
measurement of airborne uranium will be performed by gross alpha counting of 
the air filters using an alpha scaler such as a Ludlum Model 2000 or equivalent. 



The DAC for moderately soluble (W classification) natural uranium of 3x10°10
p[Ci/ml from 10 CFR 20 Appendix B will initially be used at the Moore Ranch
project until in vitro solubility studies can be performed on the uranium
compounds present. This is a conservative approach because the available
literature indicates that the wet process U04 and dried U03 products of modem
ISRs in general will be ICRP 19 Class D (or ICRP 66 Class F) compounds. It is
also of note that ICRP 54, Individual Monitoring for Intakes of Radionuclides by
Workers, which assigns Class W to U03 indicates " ... there is evidence from
animal studies that industrial uranium trioxide may behave more like a class D
material ". Nonetheless, EMC will assume them to be Class W (or ICRP 66 Class
M) for purposes of establishing the initial DAC upon plant startup. Should in vitro
solubility studies indicate that Class D or a "mixed" DAC (i.e., a ratio of the Class
D and Class W DACs) is appropriate for the Moore Ranch material, the DAC will
be adjusted accordingly. An action level of 25% of the DAC for natural uranium
will be established at the Moore Ranch Plant. If an airborne uranium sample
exceeds the action level, the RSO will investigate the cause. Exposure to >10%
DAC requires assignment of DAC-hrs of exposure using time studies or other
means of assign

The results of airborne uranium particulate monitoring will be used to determine
the committed effective dose equivalent (CEDE) or internal exposure as described
in detail in Section 5.7.4.1.

Additional References for Section 5:

Brown, S. 1982, Radiological Aspects of Uranium Solution Mining, In: Uranium, 1,
1982, p. 37-52, Elsevier Scientific Publishing Co.

Brown, S, 2007, Radiological Aspects of In Situ Uranium Recovery. American
Society of Mechanical Engineers, Proceedings of 1 1th International Conference on
Environmental Management, Bruges, Belgium, September, ASME Press, New York,
NY. ISBN 0-7918-3818-8

The DAC for moderately soluble (W classification) natural uranium of 3xl0-10 

blCi/ml from 10 CFR 20 Appendix B will initially be used at the Moore Ranch 
project until in vitro solubility studies can be performed on the uranium 
compounds present. This is a conservative approach because the available 
literature indicates that the wet process U04 and dried U03 products of modem 
ISRs in general will be ICRP 19 Class D (or ICRP 66 Class F) compounds. It is 
also of note that ICRP 54, Individual Monitoring for Intakes of Radionuclides by 
Workers, which assigns Class W to U03 indicates" ... there is evidence from 
animal studies that industrial uranium trioxide may behave more like a class D 
material". Nonetheless, EMC will assume them to be Class W (or ICRP 66 Class 
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solubility studies indicate that Class D or a "mixed" DAC (i.e., a ratio of the Class 
D and Class W DACs) is appropriate for the Moore Ranch material, the DAC will 
be adjusted accordingly. An action level of 25% of the DAC for natural uranium 
will be established at the Moore Ranch Plant. If an airborne uranium sample 
exceeds the action level, the RSO will investigate the cause. Exposure to > 10% 
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The results of airborne uranium particulate monitoring will be used to determine 
the committed effective dose equivalent (CEDE) or internal exposure as described 
in detail in Section 5.7.4.1. 
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Brown, S. 1982, Radiological Aspects of Uranium Solution Mining, In: Uranium, 1, 
1982, p. 37-52, Elsevier Scientific Publishing Co. 

Brown, S, 2007, Radiological Aspects of In Situ Uranium Recovery. American 
Society of Mechanical Engineers, Proceedings of 11 th International Conference on 
Environmental Management, Bruges, Belgium, September; ASME Press, New York, 
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Radiological Open Issue No. 4
Instrument detection levels within 10 percent of DAC value for uranium and radon

in air
August 18, 2009 Teleconference

Open Issue discussion:

The applicant stated that the sample volume will be adequate to achieve the lower limits
of detection (LLD) for uranium in air. However, the applicant did not define the lower
limit of detection for uranium. The applicant has stated that the predominant radionuclide
in the air will be Rn-222, and that radon samples will be analyzed on an alpha scaler
using the modified Kusnetz method. The applicant did not discuss the lower limit of
detection (LLD) for the alpha scaler used to measure radon samples. Regulatory Guide
8.30 recommends that the quantity of the air sampled and the method of analysis should
be 10 percent of 10 CFR 20 Appendix B limit. The staff cannot determine if the
instrument can detect within 10 percent of the DAC value for uranium and radon.

Answer:

Lower limits of detection (LLDs) will be established to ensure the ability to detect < 10%
of applicable DAC. For Unat in air, initially assuming solubility class W (M), this will be
< 3 E-1 1 gCi/ml. For radon progeny, this will be < 0.03 WL. The following equipment
will be used to obtain air samples.

" High volume air sampler (15 to 30 cfm) such as a Hi-Q or Staplex or

equivalent;

" Hi-Q Low Volume samplers (0 to 100 1pm) or equivalent; and

" Breathing zone (lapel) sampler (0 to 5 1pm) such as a GilAir5 or equivalent.

For uranium in air, the volume of air sampled and air filter counting times will be
established to ensure achievement of this LLD and calculated as follows:

etCi/ml Uranium = (_pms- cpmB)(4.5E-7 gCi/dpm)
(E)(V)

Where: cpms Sample count rate
cpmB = Background count rate
E = Instrument efficiency (cpm/dpm)
V = Sample volume (ml)

Radon Progeny in Air will be determined via the modified Kusnetz method as follows:

Working Level (WL) = Sample cpm - background cpm
(Eff) (Vol) (TF)

• 

• 

• 

Radiological Open Issue No.4 
Instrument detection levels within 10 percent of DAC value for uranium and radon 

in air 
August 18, 2009 Teleconference 

Open Issue discussion: 

The applicant stated that the sample volume will be adequate to achieve the lower limits 
of detection (LLD) for uranium in air. However, the applicant did not define the lower 
limit of detection for uranium. The applicant has stated that the predominant radionuc1ide 
in the air will be Rn-222, and that radon samples will be analyzed on an alpha scaler 
using the modified Kusnetz method. The applicant did not discuss the lower limit of 
detection (LLD) for the alpha scaler used to measure radon samples. Regulatory Guide 
8.30 recommends that the quantity of the air sampled and the method of analysis should 
be 10 percent of 10 CFR 20 Appendix B limit. The staff cannot determine if the 
instrument can detect within 10 percent of the DAC value for uranium and radon. 

Answer: 

Lower limits of detection (LLDs) will be established to ensure the ability to detect < 10% 
of applicable DAC. For Unat in air, initially assuming solubility class W (M), this will be 
< 3 E-11 ~Ci/ml. For radon progeny, this will be < 0.03 WL. The following equipment 
will be used to obtain air samples. 

• High volume air sampler (15 to 30 cfm) such as a Hi-Q or Staplex or 

equivalent; 

• Hi-Q Low Volume samplers (0 to 100 lpm) or equivalent; and 

• Breathing zone (lapel) sampler (0 to 5 lpm) such as a GilAir5 or equivalent. 

For uranium in air, the volume of air sampled and air filter counting times will be 
established to ensure achievement of this LLD and calculated as follows: 

~Ci/ml Uranium = (cpms - cpms)( 4.5E-7 IJCi/dpm) 
(E) (V) 

Where: cpms 
cpmB 
E 
V 

Sample count rate 
= Background count rate 

Instrument efficiency (cpm/dpm) 
Sample volume (ml) 

Radon Progeny in Air will be determined via the modified Kusnetz method as follows: 

Working Level (WL) = Sample cpm - background cpm 
(Eft) (Vol) (TF) 



Where:
cpm = Counts per minute (Sample - background)
Eff = Instrument counting efficiency
Vol = Total air volume pumped through filter

(flow rate in liters x sample time in minutes)
TF Time factor ("Kusnetz" factor from table @ 40 -90

minutes after sampling)

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this Open
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

The following paragraph will be added at the end of Section 5.7.3.1:

Lower limits of detection (LLDs) will be established to ensure the ability to detect <
10% of applicable DAC. For Unat in air, initially assuming solubility class W (M), this
will be < 3 E-1 1 pCi/ml. The following equipment will be used to obtain air samples.

o High volume air sampler (15 to 30 cfm) such as a Hi-Q or Staplex or

equivalent;

o Hi-Q Low Volume samplers (0 to 100 lpm) or equivalent; and

o Breathing zone (lapel) sampler (0 to 5 lpm) such as a GilAir5 or equivalent.

For uranium in air, the volume of air sampled and air filter counting times will be
established to ensure achievement of this LLD and calculated as follows:

[Ci/ml Uranium = (cpms_- cpmB)(4.5E-7 gCi/dpm)

Where: cpms Sample count rate
CPB= Background count rate
E = Instrument efficiency (cpm/dpm)
V = Sample volume (ml)

The following paragraph will be added at the end of Section 5.7.3.2:

Lower limits of detection (LLDs) will be established to ensure the ability to detect < 10%
of applicable DAC. For radon progeny, this will be < 0.03 WL. The following equipment
will be used to obtain air samples.

• 

• 

• 

Where: 
cpm 
Eff 

Counts per minute (Sample - background) 
Instrument counting efficiency 

Vol = Total air volume pumped through filter 
(flow rate in liters x sample time in minutes) 

TF Time factor ("Kusnetz" factor from table @ 40 -90 
minutes after sampling) 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this Open 
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 

The following paragraph will be added at the end of Section 5.7.3.1: 

Lower limits of detection (LLDs) will be established to ensure the ability to detect < 
10% of applicable DAC. For Unat in air, initially assuming solubility class W (M), this 
will be < 3 E-ll !lCi/ml. The following equipment will be used to obtain air samples. 

o High volume air sampler (15 to 30 cfm) such as a Hi-Q or Staplex or 

equivalent; 

o Hi-Q Low Volume samplers (0 to 100 lpm) or equivalent; and 

o Breathing zone (lapel) sampler (0 to 5 lpm) such as a GilAir5 or equivalent. 

For uranium in air, the volume of air sampled and air filter counting times will be 
established to ensure achievement of this LLD and calculated as follows: 

!lCi/ml Uranium = (cpms - cpmB)(4.5E-7 !lCi/dpm) 
(E) (V) 

~W~h=e~r=e:~ __ ~c~p~m~s ______ ~S~am~p~l=e~c=ou~n=t~r~m=e 
cpmB, _______ = ____ -=B~a~c~k~gr~o~un~d~c~o~u~nt~r~a~te 
E Instrument efficiency (cpm/dpm) 
V Sample volume (ml) 

The following paragraph will be added at the end of Section 5.7.3.2: 

Lower limits of detection (LLDs) will be established to ensure the ability to detect < 10% 
of applicable DAC. For radon progeny, this will be < 0.03 WL. The following equipment 
will be used to obtain air samples. 



* Breathing zone (lapel) sampler (0 to 5 1pm) such as a GilAir5 or equivalent.

Radon Progeny in Air will be determined via the modified Kusnetz method as follows:

Working Level (WL) = Sample cpm - background cpm
(Ef) (Vol) (TF)

Where:
cpm = Counts per minute (Sample - background)
Eff = Instrument counting efficiency
Vol - Total air volume pumped through filter

(flow rate in liters x sample time in minutes)
TF - Time factor ("Kusnetz" factor from table g 40 -90

minutes after sampling)

• • Breathing zone (lapel) sampler (0 to 5 lpm) such as a GilAir5 or equivalent. 

Radon Progeny in Air will be determined via the modified Kusnetz method as follows: 

Working Level (WL) = Sample cpm - background cpm 
(Eft) (Vol) (TF) 

Where: 
cpm Counts per minute (Sample - background) 
Eff = Instrument counting efficiency 
Vol Total air volume pumped through filter 

(flow rate in liters x sample time in minutes) 
TF Time factor ("Kusnetz" factor from table @ 40 -90 

minutes after sampling) 

• 

• 



Radiological Open Issue No. 5
Selection of action level for soluble natural uranium

August 18, 2009 Teleconference

Open Issue discussion:

This is similar to the issue that was discussed during the July 27 conference call. The applicant
set an action level of 25 percent of the DAC for soluble natural uranium. The applicant stated
that the DAC for soluble (inhalation class "D") natural uranium is 5 E- 10 gCi/ml. The applicant
further stated that gross alpha counting will be conducted for air particulate sampling. The
applicant has not demonstrated that the activity on air samples is attributed solely to uranium and
that the inhalation class of the uranium is inhalation class "D." The applicant has not
demonstrated the most conservative DAC that will be used for establishing action levels.

Answer:

This open issue was addressed in the response to Radiological Open Issue #12 from the July 27,
2009 teleconference and in the response to Radiological Open Issue #3 from the August 18
teleconference above.

Proposed Revisions to License Application

See response for August Open Item 3 and July Open Issue 12

• 

Radiological Open Issue No.5 
Selection of action level for soluble natural uranium 

August 18, 2009 Teleconference 

Open Issue discussion: 

This is similar to the issue that was discussed during the July 27 conference call. The applicant 
set an action level of 25 percent of the DAC for soluble natural uranium. The applicant stated 
that the DAC for soluble (inhalation class "D") natural uranium is 5 E-I0 IlCi/ml. The applicant 
further stated that gross alpha counting will be conducted for air particulate sampling. The 
applicant has not demonstrated that the activity on air samples is attributed solely to uranium and 
that the inhalation class of the uranium is inhalation class "D." The applicant has not 
demonstrated the most conservative DAC that will be used for establishing action levels. 

Answer: 

This open issue was addressed in the response to Radiological Open Issue #12 from the July 27, 
2009 teleconference and in the response to Radiological Open Issue #3 from the August 18 
teleconference above. 

Proposed Revisions to License Application 

See response for August Open Item 3 and July Open Issue 12 



Radiological Open Issue No. 6
Identification of employees who will receive more than 10% of the allowable

occupational dose limit
August 18, 2009 Teleconference

Open Issue discussion:

The applicant stated that routine employee external exposures will be determined and
recorded for those employees likely to receive more than 10 percent of the allowable
occupational dose limit. 10 CFR 20.1502(a)(1) states that each licensee shall monitor
occupational exposure to radiation sources under the control of the licensee and shall
supply and require the use of individual monitoring devices by adults likely to receive in
one year from sources external to the body, a dose in excess of 10 percent of the limits in
10 CFR 20.1201(a). The applicant has not defined those employees by work
classification that will receive more than 10 percent of the allowable occupational dose
limit.

Answer:

EMC plans to initially monitor all workers for external and internal dose upon startup of
the Moore Ranch facility. As data is gathered, EMC will review worker doses and may
discontinue monitoring for worker classifications that are not expected to receive more
that 10 percent of the allowable occupational dose limit.

• 

• 

• 

Radiological Open Issue No. 6 
Identification of employees who will receive more than 10% of the allowable 

occupational dose limit 
August 18,2009 Teleconference 

Open Issue discussion: 

The applicant stated that routine employee external exposures will be determined and 
recorded for those employees likely to receive more than 10 percent of the allowable 
occupational dose limit. 10 CFR 20.l502(a)(1) states that each licensee shall monitor 
occupational exposure to radiation sources under the control of the licensee and shall 
supply and require the use of individual monitoring devices by adults likely to receive in 
one year from sources external to the body, a dose in excess of 10 percent of the limits in 
10 CFR 20.l201(a). The applicant has not defined those employees by work 
classification that will receive more than 10 percent of the allowable occupational dose 
limit. 

Answer: 

EMC plans to initially monitor all workers for external and internal dose upon startup of 
the Moore Ranch facility. As data is gathered, EMC will review worker doses and may 
discontinue monitoring for worker classifications that are not expected to receive more 
that 10 percent of the allowable occupational dose limit. 



Radiological Open Issue No. 7
Review of external radiation monitoring program to ensure that unmonitored

workers do not exceed 10% of the dose limits
August 18, 2009 Teleconference

Open Issue discussion:

The applicant stated that occupational exposure to external gamma and beta radiation will
be measured using personnel dosimeters such as Thermoluminescent Dosimeters (TLDs)
or Optically Stimulated Luminescence (OSL) dosimeters. The occupational exposure to
external radiation will be used to determine the Total Effective Dose Equivalent (TEDE)
for employees whose work locations or functions may exceed 10 percent of the
occupational exposure limits. The applicant stated that the Radiation Safety Officer
(RSO) will use historical and current monitoring and survey data to ensure that external
radiation exposures are less than 10 percent of the occupational dose limit for all
unmonitored workers. The results of the external radiation monitoring program will be
recorded and reviewed annually by the RSO to ensure that unmonitored employees have
not exceeded 10 percent of the dose limits. The staff notes that unmonitored employees
may receive in excess of 10 percent of the dose limits prior to the annual review.

Answer:

The annual review discussed in Section 5.7.4.3 is related to the annual ALARA
evaluation. This section should state that the RSO will review external exposure results as
they are received from the dosimetry vendor to ensure that unmonitored employees do
not exceed 10 percent of the dose limits.
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Radiological Open Issue No. 7 
Review of external radiation monitoring program to ensure that unmonitored 

workers do not exceed 10% of the dose limits 
August 18, 2009 Teleconference 

Open Issue discussion: 

The applicant stated that occupational exposure to external gamma and beta radiation will 
be measured using personnel dosimeters such as Thermoluminescent Dosimeters (TLDs) 
or Optically Stimulated Luminescence (OSL) dosimeters. The occupational exposure to 
external radiation will be used to determine the Total Effective Dose Equivalent (TEDE) 
for employees whose work locations or functions may exceed 10 percent of the 
occupational exposure limits. The applicant stated that the Radiation Safety Officer 
(RSO) will use historical and current monitoring and survey data to ensure that external 
radiation exposures are less than 10 percent of the occupational dose limit for all 
unmonitored workers. The results of the external radiation monitoring program will be 
recorded and reviewed annually by the RSO to ensure that unmonitored employees have 
110t exceeded 10 percent of the dose limits. The staff notes that unmonitored employees 
may receive in excess of 10 percent of the dose limits prior to the annual review. 

Answer: 

The annual review discussed in Section 5.7.4.3 is related to the annual ALARA 
evaluation. This section should state that the RSO will review external exposure results as 
they are received from the dosimetry vendor to ensure that unmonitored employees do 
not exceed 10 percent of the dose limits. 



Radiological Open Issue No. 9
Occupational exposure record and determination of actual scheduled time

August 18, 2009 Teleconference

Open Issue discussion:

The applicant stated that intakes will be totaled and entered onto each employee's
Occupational Exposure Record. Reporting and recordkeeping will be consistent with
Regulatory Guide 8.7. The applicant stated that each classification of workers will be
assumed to have spent their entire work shift in the survey area(s). The applicant stated
that occupancy time determinations will be based on the actual scheduled time in the
restricted area for each occupational group. The staff cannot determine what is meant by
the term "actual scheduled time," and the staff cannot determine how the applicant will
address the occupancy time if the actual time is greater than the scheduled time.

Answer:

EMC will generally assume 100 percent occupancy time for each worker for
determination of internal exposures. The RSO will obtain the actual hours worked during
the monitoring period for each worker and will use this time to determine the individuals
internal exposure, assuming that 100 percent of the time was spent in the restricted area.
Alternatively, the RSO may perform a time study as discussed in the application if there
is reason to believe that the 100 percent occupancy assumption is resulting in inaccurate
internal exposures.

'. 
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Radiological Open Issue No. 9 
Occupational exposure record and determination of actual scheduled time 

August 18, 2009 Teleconference 

Open Issue discussion: 

The applicant stated that intakes will be totaled and entered onto each employee's 
Occupational Exposure Record. Reporting and recordkeeping will be consistent with 
Regulatory Guide 8.7. The applicant stated that each classification of workers will be 
assumed to have spent their entire work shift in the survey area(s). The applicant stated 
that occupancy time determinations will be based on the actual scheduled time in the 
restricted area for each occupational group. The staff cannot determine what is meant by 
the term "actual scheduled time," and the staff cannot determine how the applicant will 
address the occupancy time if the actual time is greater than the scheduled time. 

Answer: 

EMC will generally assume 100 percent occupancy time for each worker for 
determination of internal exposures. The RSO will obtain the actual hours worked during 
the monitoring period for each worker and will use this time to determine the individuals 
internal exposure, assuming that 100 percent of the time was spent in the restricted area. 
Alternatively, the RSO may perform a time study as discussed in the application if there 
is reason to believe that the 100 percent occupancy assumption is resulting in inaccurate 
internal exposures . 



Radiological Open Issue No. 11a
20.2205 reporting required for doses under 20.2203 and 20.2204 to employee/public.

August 18, 2009 Teleconference

Open Issue discussion:

According to 10 CFR 20.2205, "When a licensee is required by §§20.2203 or 20.2204 to
report to the Commission any exposure of an identified occupationally exposed
individual, or unidentified member of the public, to radiation or radioactive material, the
licensee shall also provide the individual a report on his or her exposure data included in
the report to Commission. This report must be transmitted no later than the transmittal to
the Commission." The applicant has not demonstrated that such a report will be
transmitted to the individual or the Commission, or explain why such a report will not be
transmitted to the individual and/or the Commission.

Answer:

Reporting as required in 10 CFR §20.2205 will be added to the application.

• 

Radiological Open Issue No. lla 
20.2205 reporting required for doses under 20.2203 and 20.2204. to employee/public. 

August 18, 2009 Teleconference 

Open Issue discussion: 

According to 10 CFR 20.2205, "When a licensee is required by §§20.2203 or 20.2204 to 
report to the Commission any exposure of an identified occupationally exposed 
individual, or unidentified member of the public, to radiation or radioactive material, the 
licensee shall also provide the individual a report on his or her exposure data included in 
the report to Commission. This report must be transmitted no later than the transmittal to 
the Commission." The applicant has not demonstrated that such a report will be 
transmitted to the individual or the Commission, or explain why such a report will not be 
transmitted to the individual and/or the Commission. 

Answer: 

Reporting as required in 10 CFR §20.2205 will be added to the application. 



Proposed Revisions to License Application

The following changes are proposed to the license application in response to these Open
Issues. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

5.7.4 EXPOSURE DETERMINATION AND RECORDS

Employee exposure to radiation will be monitored and recorded in accordance with 10
CFR §20. 1502-1004- to §20. 1201240-1 and Regulatory Guides 8.30 and 8.34. Routine
employee e-xe-nat-exposures will beai-e determined and recorded for those employees
likely to receive more than 10% of the allowable occupational dose limit (i.e., 0.5 rem).
During initial operation of the Moore Ranch facility, all workers will be monitored for
external and internal exposure. Once an adequate exposure history is established, EMC
may discontinue monitoring for worker classifications that have been shown to have no
likelihood of exceeding 10 percent of the allowable occupational dose limit. External
exposures will be determined using personnel dosimetry as discussed in Section 5.7.2.3.
R..t.i.. employz. •, nternal exposures will be determined and recorded fer- these

mpl••..... likely to .e..ivc m.. . than 109% -f the Ap..nnual Limit ef intake (ALI) for
internal exposure from radon daughters or uranium.

Following is a discussion of the exposure determination methods and documentation of
results.

5.7.4.1 Natural Uranium Internal Exposure

Exposure calculations for airborne natural uranium will be performed using the intake
method from USNRC Regulatory Guide 8.30, Section 2. The intake is calculated using
the following equation:

i1 PF

where:
I. uranium intake, jtg or ptCi

ti = time that the worker is exposed to concentrations Xi
(hr)

Xi = average concentration of uranium in breathing zone,
jtg/mi3, jiCi/m3• 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to these Open 
Issues. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 

5.7.4 EXPOSURE DETERMINATION AND RECORDS 

Employee exposure to radiation will be monitored and recorded in accordance with 10 
CFR §20. 1502MG+ to §20. 1201l49+ and Regulatory Guides 8.30 and 8.34. Routine 
employee external exposures will beare determined and recorded for those employees 
likely to receive more than 10% of the allowable occupational dose limit (i.e., 0.5 rem). 
During initial operation of the Moore Ranch facility, all workers will be monitored for 
external and internal exposure. Once an adequate exposure history is established, EMC 
may discontinue monitoring for worker classifications that have been shown to have no 
likelihood of exceeding 10 percent of the allowable occupational dose limit. External 
exposures will be determined using personnel dosimetry as discussed in Section 5.7.2.3. 
Routine employee ilnternal exposures will be determined and recorded for those 
employees likely to receive more than 10% of the Annual Limit of Intake (leL!) for 
internal exposure from radon daughters or uranium. 

Following is a discussion of the exposure determination methods and documentation of 
results. 

5.7.4.1 Natural Uranium Internal Exposure 

Exposure calculations for airborne natural uranium will be performed using the intake 
method from USNRC Regulatory Guide 8.30, Section 2. The intake is calculated using 
the following equation: 
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where: 
uranium intake, J.lg or J.lCi 

time that the worker is exposed to concentrations Xi 
(hr) 

= average concentration of uranium in breathing zone, 
J.lg/m3

, J.lCilm3 . 



b b = breathing rate, 1.2 m3/hr

PF = the respirator protection factor, if applicable

n = the number of exposure periods during the week or
quarter

The intake for uranium will be calculated and recorded. The intakes will be totaled and
entered onto each employee's Occupational Exposure Record.

Intake of soluble uranium will be limited to 10 mg per week per 10 CFR 20.1201(e).
Accordingly, at an assumed specific activity of 0.67 jtCi/gram for natural uranium (10
CFR 20, Appendix B, footnote 3), the weekly soluble intake limit is 6.7 E-3 gCi.
Initially, solubility Class W will be used to establish the appropriate ALI of 0.8 gCi and
DAC of 3 E-10 gCi/ml for U natural (10 CFR 20, App B, Table 1). Assuming a 40 hour
work week and average breathing rate of 20 liters/min, the average concentration at the
soluble weekly intake limit is approximately equal to 50% of the DAC. Compliance to
this requirement will be documented by recording of worker airborne exposure in DAC-
hrs, whenever long lived particulate concentrations in air are determined to be > 10 %
DAC and an action level of 25% DAC will be established requiring RSO investigation
and potential corrective actions. Assignments of positive airborne exposures will be
reviewed weekly. Accordingly, any exposures to soluble uranium > 5 % of the 10
mg/week limit will in fact be recorded (as DAC -hrs) and controlling exposure to 25% of
DAC ensures both that the 10 mg / week limit is not exceeded and ALARA.

The data required to calculate internal exposure to airborne natural uranium will be
determined as follows:

Time of Exposure Determination

The result e" ..... di . ifi stide for; ...... elsii o ..... worker I1 100% eiay
time will be used to detemine rutine wor-ker eposur-.... In general, 100% occupancy
time will be used to determine exposures. Using this method to determine time of
exposure, each classification of worker is assumed to have spent their entire work shift in
the survey area(s). N.te that the leiigth of wor.k shifts ,may vary by worker classifiefa••i.
Plant oper.ator.s will generally be w"r...ng en a shift sehedule to provide full! time
coveragc and this may r.esult ini s.m. variation frm the stan-da"d 40 hour week schedule.
Maintenance, welfficld, and part time wer-kers mfay net spend a fuill shift in the r-etr-i.cd
a..ea(s-The occupancy time determinations for each worker will be based on the actual
sehe.u..d-time in the r.estrited area for eachA ocup.atioal groupworked during the
monitoring period. This approach generally results in a conservative (i.e., higher than
actual) estimate of internal exposure to airborne natural uranium because it does not
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b breathing rate, 1.2 m3/hr 

PF the respirator protection factor, if applicable 

n the number of exposure periods during the week or 
quarter 

The intake for uranium will be calculated and recorded. The intakes will be totaled and 
entered onto each employee's Occupational Exposure Record. 

Intake of soluble uranium will be limited to 10 mg per week per 10 CFR 20.1201(e). 
Accordingly, at an assumed specific activity of 0.67 /lCi/gram for natural uranium (10 
CFR 20, Appendix B, footnote 3), the weekly soluble intake limit is 6.7 E-3 /lCi. 
Initially, solubility Class W will be used to establish the appropriate ALI of 0.8 /lCi and 
DAC of 3 E-lO /lCi/ml for U natural (10 CFR 20, App B, Table 1). Assuming a 40 hour 
work week and average breathing rate of 20 liters/min, the average concentration at the 
soluble weekly intake limit is approximately equal to 50% of the DAC. Compliance to 
this requirement will be documented by recording of worker airborne exposure in DAC­
hrs, whenever long lived particulate concentrations in air are determined to be ~ 10 % 
DAC and an action level of 25% DAC will be established requiring RSO investigation 
and potential corrective actions. Assignments of positive airborne exposures will be 
reviewed weekly. Accordingly, any exposures to soluble uranium> ,5 % of the 10 
mg/week limit will in fact be recorded (as DAC -hrs) and controlling exposure to 25% of 
DAC ensures both that the 10 mg / week limit is not exceeded and ALARA. 

The data required to calculate internal exposure to airborne natural uranium will be 
determined as follows: 

Time of Exposure Determination 

The results of periodic time studies for each classification of ,yorker or 100% occupancy 
time viill be used to determine routine worker exposures. In general, 100% occupancy 
time will be used to determine exposures. Using this method to determine time of 
exposure, each classification of worker is assumed to have spent their entire work shift in 
the survey area(s). Note that the length of 'Nork shifts may vary by wOIker classification. 
Plant operators '.vill generally be "vorking on a shift schedule to pl'Ovide full time 
coverage and this may result in some variation from the standm'd 40 hour v,eek schedule. 
Maintenance, 'Nellfield, and part time ',yorkers may not spend a full shift in the restricted 
areaEs). The occupancy time determinations for each worker will be based on the actual 
scheduled time in the restricted area for each occupational groupworked during the 
monitoring period._ This approach generally results in a conservative (i.e., higher than 
actual) estimate of internal exposure to airborne natural uranium because it does not 



account for time the epleyee-worker may have spent outside the work area, such as
during breaks and meals.

Alternatively, the RSO may perform a time study to determine the average time of
exposure for each classification of worker. Under this approach, the RSO will have a
representative population of each classification of worker track their time spent in
different areas of the facility. The time study will be performed for an extended period
(usually one month) and will provide the RSO with a percentage of time spent in each
area for each classification of worker. If time studies are employed to determine time of
exposure, they will be updated annually to account for any changes. Exposures during
non-routine work (i.e., work requiring an RWP) will be based upon actual time.

Airborne Uranium Activity Determination

Airborne uranium activity will be determined from surveys performed as described in
Section 5.7.3.1.

Exposures to airborne uranium will initially be compared to the DAC for the "W"
solubility class for natural uranium from Appendix B of 10 CFR §§20.1001 -
20.2401 (i.e., 3x10-10 pCi/ml). As noted in Section 5.7.3.1, EMC may perform in
vitro solubility studies on the uranium compounds present at Moore Ranch after
facility startup to determine the solubility class of the material present.

• 
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account for time the employee worker may have spent outside the work area, such as 
during breaks and meals. 

Alternatively, the RSO may perform a time study to determine the average time of 
exposure for each classification of worker. Under this approach, the RSO will have a 
representative population of each classification of worker track their time spent in 
different areas of the facility. The time study will be performed for an extended period 
(usually one month) and will provide the RSO with a percentage of time spent in each 
area for each classification of worker. If time studies are employed to determine time of 
exposure, they will be updated annually to account for any changes. Exposures during 
non-routine work (i.e., work requiring an RWP) will be based upon actual time. 

Airborne Uranium Activity Determination 

Airborne uranium activity will be determined from surveys performed as described in 
Section 5.7.3.1. 

Exposures to airborne uranium will initially be compared to the DAC for the "w" 
solubility class for natural uranium from Appendix B of 10 CFR §§20.1001 -
20.2401 (i.e., 3x10-10 /-tCi/ml). As noted in Section 5.7.3.1, EMC may perform in 
vitro solubility studies on the uranium compounds present at Moore Ranch after 
facility startup to determine the solubility class of the material present . 



5.7.4.2 Radon Daughter Internal Exposure

Exposure calculations for airborne radon daughters will be performed using the intake
method from USNRC Regulatory Guide 8.30, Section 2. The radon daughter intake will
be calculated using the following equation:

Ir
1

i 170
j~ PF

where:

Ir = radon daughter intake, working-level months

ti = time that the worker is exposed to concentrations
Wi (hr)

Wi = average number of working levels in the air near the
worker's breathing zone during the time (ti)

170 = number of hours in a working month

PF = the respirator protection factor, if applicable

n = the number of exposure periods during the year

The data required to calculate exposure to radon daughters will be determined as follows:

Time of Exposure Determination

In general, 100% occupancy time will be used to determine exposures. Using this method
to determine time of exposure, each worker is assumed to have spent their entire work
shift in the survey area(s). The occupancy time determinations for each worker will be
based on the actual time worked during the monitoring period. This approach generally
results in a conservative (i.e., higher than actual) estimate of internal exposure to radon
daughters because it does not account for time the worker may have spent outside the
work area, such as during breaks and meals.
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5.7.4.2 Radon Daughter Internal Exposure 

Exposure calculations for airborne radon daughters will be performed using the intake 
method from USNRC Regulatory Guide 8.30, Section 2. The radon daughter intake will 
be calculated using the following equation: 
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Ir radon daughter intake, working-level months 

ti time that the worker is exposed to concentrations 
Wi (hr) 

Wi average number of working levels in the air near the 
worker's breathing zone during the time (ti) 

170 = number of hours in a working month 

PF the respirator protection factor, if applicable 

n the number of exposure periods during the year 

The data required to calculate exposure to radon daughters will be determined as follows: 

Time of Exposure Determination 

In general, 100% occupancy time will be used to determine exposures. Using this method 
to determine time of exposure, each worker is assumed to have spent their entire work 
shift in the survey area(s). The occupancy time determinations for each worker will be 
based on the actual time worked during the monitoring period. This approach generally 
results in a conservative (i.e., higher than actual) estimate of internal exposure to radon 
daughters because it does not account for time the worker may have spent outside the 
work area, such as during breaks and meals. 

The results of periodic time studies for each classification of '.vorker or 100% occupancy 
time vlill be used to determine routine ','{orker exposure times. In general, 100% 
'occupancy time will be used to determine exposures. Using this method, each 
classification of v{orker is assumed to have spent their entire "vVork shift in the survey 
areaEs). Note that the length of ','fork shifts may vary by worker classification. Plant 
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initernal exp sture te airborne naturial ucr-aniumff beca-use it dees noet accouint for- time the
efmployee may have spent outside the worek area, sucih as during breaks and meals.
Alternatively, the RSO may perform a time study to determine the average time of
exposure for each classification of worker. Under this approach, the RSO will have a
representative population of each classification of worker track their time spent in
different areas of the facility. The time study will be performed for an extended period
(usually one month) and will provide the RSO with a percentage of time spent in each
area for each classification of worker. If time studies are employed to determine time of
exposure, they will be updated annually to account for any changes. Exposures during
non-routine work (i.e., work requiring an RWP) will be based upon actual time.

Radon Daughter Concentration Determination

Radon-222 daughter concentrations will be determined from surveys performed as
described in Section 5.7.3.2. The working-level months for radon daughter exposure will
be calculated and recorded. The working-level months will be totaled and entered onto
each employee's Occupational Exposure Record.

Exposures to radon daughters will be compared to the DAC for radon daughters from
Appendix B of 10 CFR §§20.1001 - 20.2401 (i.e., 0.33 WL).

5.7.4.3 External Exposure

Occupational exposure to external gamma and beta radiation will be measured using
personnel dosimeters such as Thermoluminescent Dosimeters (TLD) or Optically
Stimulated Luminescence (OSL) dosimeters as discussed in Section 5.7.2.3. Consistent
with 10 CFR §20.1502 and Regulatory Guide 8.34, occupational exposure to external
radiation will be used to determine the TEDE for employees whose work locations or
functions may be expected to exceed 10% of the occupational exposure limits. During
initial operation of the Moore Ranch facility, all workers will be monitored for external
exposure. Once an adequate exposure history is established, EMC may discontinue
monitoring for worker classifications that have been shown to have no likelihood of
exceeding 10 percent of the allowable occupational dose limit. The RSO will use
historical and current monitoring and survey data to ensure that external radiation
exposures are less than 10% of the occupational dose limit for all unmonitored workers.
The results of the external radiation monitoring program will be recorded and reviewed
animally-when the results are received by the RSO to ensure that unmonitored employees
have not exceeded 10% of the dose limit.
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operators "'fill generally be '.vorking on a shift schedule to provide full time coverage and 
this may result in some variation from the standard 40 hour week schedule. Maintenance, 
,<,.ellfield, and part time workers may not spend a full shift in the restricted area(s). The 
occupancy time determinations will be based on the actual scheduled time in the 
restricted area for each occupational group. 
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different areas of the facility. The time study will be performed for an extended period 
(usually one month) and will provide the RSO with a percentage of time spent in each 
area for each classification of worker. If time studies are employed to determine time of 
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Radon-222 daughter concentrations will be determined from surveys performed as 
described in Section 5.7.3.2. The working-level months for radon daughter exposure will 
be calculated and recorded. The working-level months will be totaled and entered onto 
each employee's Occupational Exposure Record. 

Exposures to radon daughters will be compared to the DAC for radon daughters from 
Appendix B of 10 CFR §§20.1001 - 20.2401 (i.e., 0.33 WL). 

5.7.4.3 External Exposure 

Occupational exposure to external gamma and beta radiation will be measured using 
personnel dosimeters such as Thermoluminescent Dosimeters (TLD) or Optically 
Stimulated Luminescence (OSL) dosimeters as discussed in Section 5.7.2.3. Consistent 
with 10 CFR §20.1502 and Regulatory Guide 8.34, occupational exposure to external 
radiation will be used to determine the TEDE for employees whose work locations or 
functions may be expected to exceed 10% of the occupational exposure limits. During 
initial operation of the Moore Ranch facility, all workers will be monitored for external 
exposure. Once an adequate exposure history is established, EMC may discontinue 
monitoring for worker classifications that have been shown to have no likelihood of 
exceeding 10 percent of the allowable occupational dose limit. The RSO will use 
historical and current monitoring and survey data to ensure that external radiation 
exposures are less than 10% of the occupational dose limit for all unmonitored workers. 
The results of the external radiation monitoring program will be recorded and reviewed 
annually when the results are received by the RSO to ensure that unmonitored employees 
have not exceeded 10% of the dose limit. 



5.7.4.4 Prenatal and Fetal Exposure

10 CFR §20.1208 requires that licensees ensure that the dose to an embryo/fetus during
the entire pregnancy from occupational exposure of a declared pregnant woman does not
exceed 0.5 Rem (500 mRem). Licensees are also required to make efforts to avoid
substantial variation above a uniform monthly exposure rate to a declared pregnant
woman that would satisfy the 0.5 Rem limit. The dose to the embryo/fetus is calculated
as the sum of (1) the deep-dose equivalent to the declared pregnant woman and (2) the
dose to the embryo/fetus from radionuclides in the embryo/fetus and radionuclides in the
declared pregnant woman.

The dose equivalent to the embryo/fetus is determined by the monitoring of the declared
pregnant woman. 10 CFR §20.1502(a)(2) requires monitoring the exposure of a declared
pregnant woman when the external dose to the embryo/fetus is likely to exceed a dose
from external sources in excess of 10% of the embryo/fetus dose limit (i.e., 0.05 Rem/yr).
10 CFR 20.1502(b)(2) also requires that the licensee monitor the occupational intakes of
radioactive material for the declared pregnant woman if her intake is likely to exceed a
committed effective dose equivalent in excess of 0.05 Rem/yr. Based on this 0.05 Rem
threshold, the dose to the embryo/fetus must be determined if the intake is likely to
exceed 1% of ALI during the entire period of gestation.

Prior to declaration of pregnancy, the woman may not have been subject to monitoring
based on the conditions specified in 10 CFR §20.1502. In this case, EMC will estimate
the exposure during the period monitoring was not provided, using any combination of
surveys or other available data (e.g., air monitoring, area monitoring, and bioassay).
Exposure calculations will be performed as recommended in USNRC Regulatory Guide
8.36:

* External Dose to the Embryo/Fetus

The deep-dose equivalent to the declared pregnant woman during the gestation period
will be taken as the external dose for the embryo/fetus. The determination of external
dose will consider all occupational exposures of the declared pregnant woman since the
estimated date of conception and will be based on the methods discussed in Section 5.7.2.

* Internal Dose to the Embryo/Fetus

The internal dose to the embryo/fetus will consider the exposure to the embryo/fetus from
radionuclides in the declared pregnant woman and in the embryo/fetus. The dose to the
embryo/fetus will include the contribution from any radionuclides in the declared
pregnant woman (body burden) from occupational intakes occurring prior to conception.
The intake for the declared pregnant woman will be determined as discussed in Sections
5.7.3.1 and 5.7.3.2.
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5.7.4.4 Prenatal and Fetal Exposure 

10 CFR §20.l208 requires that licensees ensure that the dose to an embryo/fetus during 
the entire pregnancy from occupational exposure of a declared pregnant woman does not 
exceed 0.5 Rem (500 mRem). Licensees are also required to make efforts to avoid 
substantial variation above a uniform monthly exposure rate to a declared pregnant 
woman that would satisfy the 0.5 Rem limit. The dose to the embryo/fetus is calculated 
as the sum of (1) the deep-dose equivalent to the declared pregnant woman and (2) the 
dose to the embryo/fetus from radionuclides in the embryo/fetus and radionuclides in the 
declared pregnant woman. 

The dose equivalent to the embryo/fetus is determined by the monitoring of the declared 
pregnant woman. 10 CFR §20.l502(a)(2) requires monitoring the exposure of a declared 
pregnant woman when the external dose to the embryo/fetus is likely to exceed a dose 
from external sources in excess of 10% of the embryo/fetus dose limit (i.e., 0.05 Remlyr). 
10 CFR 20.l502(b)(2) also requires that the licensee monitor the occupational intakes of 
radioactive material for the declared pregnant woman if her intake is likely to exceed a 
conunitted effective dose equivalent in excess of 0.05 Remlyr. Based on this 0.05 Rem 
threshold, the dose to the embryo/fetus must be determined if the intake is likely to 
exceed 1 % of ALI during the entire period of gestation. 

Prior to declaration of pregnancy, the woman may not have been subject to monitoring 
based on the conditions specified in 10 CFR §20.1502. In this case, EMC will estimate 
the exposure during the period monitoring was not provided, using any combination of 
surveys or other available data (e.g., air monitoring, area monitoring, and bioassay). 
Exposure calculations will be performed as recommended in USNRC Regulatory Guide 
8.36: 

• External Dose to the Embryo/Fetus 

The deep-dose equivalent to the declared pregnant woman during the gestation period 
will be taken as the external dose for the embryo/fetus. The determination of external 
dose will consider all occupational exposures of the declared pregnant woman since the 
estimated date of conception and will be based on the methods discussed in Section 5.7.2. 

• . Internal Dose to the Embryo/Fetus 

The internal dose to the embryo/fetus will consider the exposure to the embryo/fetus from 
radionuclides in the declared pregnant woman and in the embryo/fetus. The dose to the 
embryo/fetus will include the contribution from any radionuclides in the declared 
pregnant woman (body burden) from occupational intakes occurring prior to conception. 
The intake for the declared pregnant woman will be determined as discussed in Sections 
5.7.3.1 and 5.7.3.2 . 



5.7.4.5 Exposure Recording and Reporting

For employees that are monitored for internal and/or external exposure, recording and
reporting of monitoring results is required in 10 CFR §20.2106(a) and §20.2206(b),
respectively. Records of exposure monitoring results will be maintained for each
monitored individual on an NRC Form 5 or equivalent.

In addition, 10 CFR §20.2104 requires a determination of the individual's current year
dose at other facilities. EMC will obtain prior dose histories for all employees. EMC will
obtain an NRC Form 4 signed by the individual to be monitored, or a written statement
that includes the names of all facilities that monitored the individual for occupational
exposure to radiation during the current year and an estimate of the dose received. EMC
will attempt to verify the information provided by the individual. EMC will also attempt
to obtain records of the individual's lifetime cumulative occupational radiation dose. This
lifetime dose may be based on a written estimate or an up-to-date NRC Form 4 signed by
the individual.

In accordance with 10 CFR §19.13(b), monitored employees will be advised in writing
on an annual basis of their calculated TEDE. Additionally, any employee may request a
written report of their exposure history at any time. These reports will be provided within
30 days of the request and will provide the information outlined in 10 CFR § 19.13.

In accordance with 10 CFR §20.2205, if EMC is required to report to the NRC any
exposure of an identified occupationally exposed individual or an identified member of
the public to radiation or radioactive material under 10 CFR §20.2203 (Reports of
exposures. radiation levels, and concentrations of radioactive material exceeding the
constraints or limits) or 10 CFR §20.2204 (Reports of planned special exposures), EMC
will also provided the employee(s) or identified member(s) of the public with a report of
his or her exposure no later than the time that the report is submitted to the NRC.
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Radiological Open Issue No. 7
Review of external radiation monitoring program to ensure that unmonitored workers do

not exceed 10% of the dose limits
August 18, 2009 Teleconference

Open Issue discussion:
The applicant stated that occupational exposure to external gamma and beta radiation will be
measured using personnel dosimeters such as Thermoluminescent Dosimeters (TLDs) or
Optically Stimulated Luminescence (OSL) dosimeters. The occupational exposure to external
radiation will be used to determine the Total Effective Dose Equivalent (TEDE) for employees
whose work locations or functions may exceed 10 percent of the occupational exposure limits.
The applicant stated that the Radiation Safety Officer (RSO) will use historical and current
monitoring and survey data to ensure that external radiation exposures are less than 10 percent of
the occupational dose limit for all unmonitored workers. The results of the external radiation
monitoring program will be recorded and reviewed annually by the RSO to ensure that
unmonitored employees have not exceeded 10 percent of the dose limits. The staff notes that
unmonitored employees may receive in excess of 10 percent of the dose limits prior to the annual
review.

. Answer:
The annual review discussed in Section 5.7.4.3 is related to the annual ALARA evaluation. This
section should state that the RSO will review external exposure results as they are received from
the dosimetry vendor to ensure that unmonitored employees do not exceed 10 percent of the dose
limits.

Proposed Revisions to License Application
The following changes are proposed to the license application in response to these Open Issues.
Changes to the original text as submitted to NRC are noted in red-line/strikeout method.

See response to August Open Issue 6

• 
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Radiological Open Issue No.7 
Review of external radiation monitoring program to ensure that unmonitored workers do 

not exceed 10% of the dose limits 
August 18,2009 Teleconference 

Open Issue discussion: 
The applicant stated that occupational exposure to external gamma and beta radiation will be 
measured using personnel dosimeters such as Thermoluminescent Dosimeters (TLDs) or 
Optically Stimulated Luminescence (OSL) dosimeters. The occupational exposure to external 
radiation will be used to determine the Total Effective Dose Equivalent (TEDE) for employees 
whose work locations or functions may exceed 10 percent of the occupational exposure limits. 
The applicant stated that the Radiation Safety Officer (RSO) will use historical and current 
monitoring and survey data to ensure that external radiation exposures are less than 10 percent of 
the occupational dose limit for all unmonitored workers. The results of the external radiation 
monitoring program will be recorded and reviewed annually by the RSO to ensure that 
unmonitored employees have not exceeded 10 percent of the dose limits. The staff notes that 
unmonitored employees may receive in excess of 10 percent of the dose limits prior to the annual 
reVIew. 

~, Answer: 
The annual review discussed in Section 5.7.4.3 is related to the annual ALARA evaluation. This 
section should state that the RSO will review external exposure results as they are received from 
the dosimetry vendor to ensure that unmonitored employees do not exceed 10 percent of the dose 
limits. 

Proposed Revisions to License Application 
The following changes are proposed to the license application in response to these Open Issues. 
Changes to the original text as submitted to NRC are noted in red-line/strikeout method. 

See response to August Open Issue 6 



Radiological Open Issue No. 8
Monitoring and recordkeeping related to soluble uranium intake by an individual,

which is limited to 10 milligrams in a week
August 18, 2009 Teleconference

Open Issue discussion:

The staff notes that 10 CFR 20.1201(e) states that in addition to the annual dose limits,
the licensee shall limit the soluble uranium intake by an individual to 10 milligrams in a
week in consideration of chemical toxicity. The applicant has not described how it will
monitor and keep records of this requirement.

Answer:

This Open Issue was addressed in the response to Open Issue Radiological No. 14 from
the July 27, 2009 teleconference. No additional response is needed.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

See the proposed changes to Section 5.7.4.1 of the Technical Report discussed in the
response to Open Issue No. 14 from the July 27, 2009 teleconference.

• Radiological Open Issue No.8 
Monitoring and recordkeeping related to soluble uranium intake by an individual, 

which is limited to 10 milligrams in a week 
August 18, 2009 Teleconference 

Open Issue discussion: 

The staff notes that 10 CPR 20.1201(e) states that in addition to the annual dose limits, 
the licensee shall limit the soluble uranium intake by an individual to 10 milligrams in a 
week in consideration of chemical toxicity. The applicant has not described how it will 
monitor and keep records of this requirement. 

Answer: 

This Open Issue was addressed in the response to Open Issue Radiological No. 14 from 
the July 27,2009 teleconference. No additional response is needed. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this RAI 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 

\. See the proposed changes to Section 5.7.4.1 of the Technical Report discussed in the 
response to Open Issue No. 14 from the July 27,2009 teleconference. 



Radiological Open Issue No. 9
Occupational exposure record and determination of actual scheduled time

August 18, 2009 Teleconference

Open Issue discussion:
The applicant stated that intakes will be totaled and entered onto each employee's Occupational
Exposure Record. Reporting and recordkeeping will be consistent with Regulatory Guide 8.7.
The applicant stated that each classification of workers will be assumed to have spent their entire
work shift in the survey area(s). The applicant stated that occupancy time determinations will be
based on the actual scheduled time in the restricted area for each occupational group. The staff
cannot determine what is meant by the term "actual scheduled time," and the staff cannot
determine how the applicant will address the occupancy time if the actual time is greater than the
scheduled time.

Answer:
EMC will generally assume 100 percent occupancy time for each worker for determination of
internal exposures. The RSO will obtain the actual hours worked during the monitoring period
for each worker and will use this time to determine the individuals internal exposure, assuming
that 100 percent of the time was spent in the restricted area. Alternatively, the RSO may perform
a time study as discussed in the application if there is reason to believe that the 100 percent
occupancy assumption is resulting in inaccurate internal exposures.

Proposed Revisions to License Application
The following changes are proposed to the license application in response to these Open Issues.
Changes to the original text as submitted to NRC are noted in red-line/strikeout method.

See response to August Open Issue 6
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Radiological Open Issue No.9 
Occupational exposure record and determination of actual scheduled time 

August 18, 2009 Teleconference 

Open Issue discussion: 
The applicant stated that intakes will be totaled and entered onto each employee's Occupational 
Exposure Record. Reporting and recordkeeping will be consistent with Regulatory Guide 8.7. 
The applicant stated that each classification of workers will be assumed to have spent their entire 
work shift in the survey area(s). The applicant stated that occupancy time determinations will be 
based on the actual scheduled time in the restricted area for each occupational group. The staff 
cannot determine what is meant by the term "actual scheduled time," and the staff cannot 
determine how the applicant will address the occupancy time if the actual time is greater than the 
scheduled time. 

Answer: 
EMC will generally assume 100 percent occupancy time for each worker for determination of 
internal exposures. The RSO will obtain the actual hours worked during the monitoring period 
for each worker and will use this time to determine the individuals internal exposure, assuming 
that 100 percent of the time was spent in the restricted area. Alternatively, the RSO may perform 
a time study as discussed in the application if there is reason to believe that the 100 percent 
occupancy assumption is resulting in inaccurate internal exposures. 

Proposed Revisions to License Application 
The following changes are proposed to the license application in response to these Open Issues. 
Changes to the original text as submitted to NRC are noted in red-line/strikeout method. 

See response to August Open Issue 6 



Radiological Open Issue No. 10
Identification of all radionuclides and concentrations that may exist in air and

determination of the dose from this mixture
August 18, 2009 Teleconference

Open Issue discussion:

The applicant did not appear to address the possibility of other radionuclides that may be
present in air concentrations. According to 10 CFR 20.1204(f), if the identity of each
radionuclide in a mixture is known, but the concentration of one or more of the
radionuclides in the mixture is not know, the DAC for the mixture must be the most
restrictive DAC of any radionuclide in the mixture. The applicant must identify all
radionuclides and concentrations that may exist in air and determine the dose from this
mixture. The staff notes that this is similar to the DAC issue discussed during the July 27,
2009 phone call; however, the applicant should note that selection and justification of the
appropriate DAC needs to be consistent throughout the application.

Answer:

Please see the responses to Open Issue No.12 from the July 27, 2009 teleconference and
the responses to Open Issue No. 3 and 5 from the August 18, 2009 teleconference.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this Open
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

Please see the proposed changes to the Technical Report in the responses noted above.
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Open Issue discussion: 

The applicant did not appear to address the possibility of other radionuc1ides that may be 
present in air concentrations. According to 10 CFR 20.1204(f), if the identity of each 
radionuc1ide in a mixture is known, but the concentration of one or more of the 
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2009 phone call; however, the applicant should note that selection and justification of the 
appropriate DAC needs to be consistent throughout the application. 

Answer: 

Please see the responses to Open Issue No.12 from the July 27, 2009 teleconference and 
the responses to Open Issue No.3 and 5 from the August 18, 2009 teleconference. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this Open 
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 

Please see the proposed changes to the Technical Report in the responses noted above. 



Radiological Open Issue No. 11
Providing information related to prenatal/fetal dose to pregnant women

August 18, 2009 Teleconference

Open Issue discussion:

The applicant did not discuss how they will provide information to pregnant women, and
other personnel, to help make decisions regarding radiation exposure during pregnancy.

Answer:

Section 5.5 of the application stated that training would be provided in part in accordance
with the guidance contained in USNRC Regulatory Guide 8.13, "Instruction Concerning
Prenatal Radiation Exposure" (Revision 3, June 1999). In order to clarify this Open Issue,
the application will be revised to include a specific discussion of the training provided
related to prenatal/fetal dose to pregnant women.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this Open
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

5.5.1 Radiation Safety Training Program Content

5.5.1.1 Visitors

Visitors to the Moore Ranch Uranium Project facilities who have not received training
will be escorted by on site personnel properly trained and knowledgeable about the
hazards of the facility. At a minimum, visitors will be instructed specifically on what
they should do to avoid possible hazards in the area of the facilities that they are visiting.

5.5.1.2 Contractors

Any contractors having work assignments at the Moore Ranch Uranium Project will be
given appropriate radiation safety training. Contract workers who will be performing
work on heavily contaminated equipment will receive the same training normally
required of Moore Ranch workers as discussed in Section 5.5.1.3.

5.5.1.3 Radiation Worker Training

All EMC employees (and some contractors as noted in Section 5.5.1.2) will receive
training as radiation workers. The program will incorporate the following topics
recommended in USNRC Regulatory Guide 8.31:

• 

• 

• 
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The applicant did not discuss how they will provide information to pregnant women, and 
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Answer: 

Section 5.5 of the application stated that training would be provided in part in accordance 
with the guidance contained in USNRC Regulatory Guide 8.13, "Instruction Concerning 
Prenatal Radiation Exposure" (Revision 3, June 1999). In order to clarify this Open Issue, 
the application will be revised to include a specific discussion of the training provided 
related to prenatal/fetal dose to pregnant women. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this Open 
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 

5.5.1 Radiation Safety Training Program Content 

5.5.1.1 Visitors 

Visitors to the Moore Ranch Uranium Project facilities who have not received training 
will be escorted by on site personnel properly trained and knowledgeable about the 
hazards of the facility. At a minimum, visitors will be instructed specifically on what 
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5.5.1.2 Contractors 

Any contractors having work assignments at the Moore Ranch Uranium Project will be 
given appropriate radiation safety training. Contract workers who will be performing 
work on heavily contaminated equipment will receive the same training normally 
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5.5.1.3 Radiation Worker Training 
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training as radiation workers. The program will incorporate the following topics 
recommended in USNRC Regulatory Guide 8.31: 



Fundamentals of health protection

* Using respirators when appropriate.

" Eating, drinking and smoking only in designated areas.

" Using proper methods for decontamination.

Facility-provided protection

" Cleanliness of working space.

• Safety designed features for process equipment.

" Ventilation systems and effluent controls.

" Standard operating procedures.

* Security and access control to designated areas.

Health protection measurements

" Measurements of airborne radioactive material.

" Bioassay to detect uranium (urinalysis and in vivo counting).

" Surveys to detect contamination of personnel and equipment.

" Personnel dosimetry.

Radiation protection regulations

* Regulatory authority of NRC, OSHA and state.

" Employee rights in 10 CFR Part 19.

" Radiation protection requirements in 10 CFR Part 20.

Emergency procedures

All new workers, including supervisors, will be given instruction on the health and safety
aspects of the specific jobs they will perform. This instruction is done in the form of
individualized on-the-job training. Retraining is performed annually and documented.

Fundamentals of health protection 

• U sing respirators when appropriate. 

• Eating, drinking and smoking only in designated areas. 

• U sing proper methods for decontamination. 

Facility-provided protection 

• Cleanliness of working space. 

• Safety designed features for process equipment. 
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Emergency procedures 

All new workers, including supervisors, will be given instruction on the health and safety 
aspects of the specific jobs they will perform. This instruction is done in the form of 
individualized on-the-job training. Retraining is performed annually and documented. 



5.5.1.4 Instruction Conceming Prenatal Exposure

Female workers who require training under 10 CFR § 19.12 will be provided with training
that meets the guidance contained in USNRC Regulatory Guide 8.13. In addition, they
will receive a copy of USNRC Regulatory Guide 8.13. Supervisors that oversee female
workers will also receive training on USNRC Regulatory Guide 8.13.

5.5.1.4 Instruction Concerning Prenatal Exposure 

Female workers who require training under 10 CFR §19.12 will be provided with training 
that meets the guidance contained in USNRC Regulatory Guide 8.13. In addition, they 
will receive a copy of USNRC Regulatory Guide 8.13. Supervisors that oversee female 
workers will also receive training on USNRC Regulatory Guide 8.13. 



Radiological Open Issue No. Ila
20.2205 reporting required for doses under 20.2203 and 20.2204 to employee/public.

August 18, 2009 Teleconference

Open Issue discussion:
According to 10 CFR 20.2205, "When a licensee is required by §§20.2203 or 20.2204 to report
to the Commission any exposure of an identified occupationally exposed individual, or
unidentified member of the public, to radiation or radioactive material, the licensee shall also
provide the individual a report on his or her exposure data included in the report to Commission.
This report must be transmitted no later than the transmittal to the Commission." The applicant
has not demonstrated that such a report will be transmitted to the individual or the Commission,
or explain why such a report will not be transmitted to the individual and/or the Commission.

Answer:
Reporting as required in 10 CFR §20.2205 will be added to the application.

Proposed Revisions to License Application
The following changes are proposed to the license application in response to these Open Issues.
Changes to the original text as submitted to NRC are noted in red-line/strikeout method.

See response to August Open Issue 6
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Answer: 
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Proposed Revisions to License Application 
The following changes are proposed to the license application in response to these Open Issues. 
Changes to the original text as submitted to NRC are noted in red-line/strikeout method. 

See response to August Open Issue 6 



Radiological Open Issue No. 12
Effluent monitoring program for airborne particulates and gaseous effluents

August 18, 2009 Teleconference

Open Issue discussion:

The applicant stated that the yellowcake drying facilities will be comprised of vacuum
dryers, and by design, the vacuum dryers will not discharge any uranium when operating.
The applicant, however, did not provide any data or information to substantiate the
statement that the vacuum dryers will not discharge any uranium when operating. The
applicant has not identified the release point of the discharge of air from the vacuum
dryer and packaging system, so the NRC staff can not evaluate the effluent monitoring
program for airborne particulates and gaseous effluents.

Answer:

This Open Issue is related to Open Issues 6a and 6b from the July 27, 2009
teleconference. Please see the responses to those Open Issues.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

Please see the responses to Open Issues 6a and 6b from the July 27, 2009 teleconference.
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Open Issue discussion: 

The applicant stated that the yellowcake drying facilities will be comprised of vacuum 
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Answer: 
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teleconference. Please see the responses to those Open Issues. 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this RAI 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 

Please see the responses to Open Issues 6a and 6b from the July 27, 2009 teleconference. 



Radiological Open Issue No. 13
Location of boundary air particulate samplers and impacts on proposed operational

air particulate and direct radiation sampling locations
August 18, 2009 Teleconference

Open Issue discussion:

Per RG 4.14 Table 2, operational monitoring locations need to be in different sectors. No
discussion of wind data; no annual wind rose; discussion similar to TR Sec 2.9 would
suffice.

Answer:

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

• 

Radiological Open Issue No. 13 
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Open Issue discussion: 

Per RG 4.14 Table 2, operational monitoring locations need to be in different sectors. No 
discussion of wind data; no annual wind rose; discussion similar to TR Sec 2.9 would 
suffice. 

Answer: 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this RAI 
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method . 



Radiological Open Issue No. 14
Location of radon monitoring stations in relation to air particulate stations

August 18, 2009 Teleconference

Open Issue discussion:

The wrong figure was submitted with the response showing the pre-operational sampler
locations. Provide correct figure to match text.

Answer:

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

• 

Radiological Open Issue No. 14 
Location of radon monitoring stations in relation to air particulate stations 

August 18, 2009 Teleconference 

Open Issue discussion: 

The wrong figure was submitted with the response showing the pre-operational sampler 
locations. Provide correct figure to match text. 

Answer: 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this RAI 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method . 
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Radiological Open Issue No. 15
Sediment sampling during operations

August 18, 2009 Teleconference

Open Issue discussion:

Regulatory Guide 4.14, Table 2, suggests that sediment sampling be conducted as an
annual grab sample in one or two of the surface water sampling locations from each
water body. The sediment samples should be analyzed for natural uranium, Th-230, Ra-
226, and Pb-210. The applicant has not discussed sediment sampling during operations.

Answer:

This Open Issue was due to an oversight during preparation of the License Application.
EMC intends to perform operational sediment sampling in accordance with the
recommendations contained in Regulatory Guide 4.1.4.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this Open
Issue. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

The following text will be added to Section 5.7.5 of the Technical Report
immediately following the section that discusses operational surface soil monitoring:

Sediment

Operational sediment sampling will be conducted on an annual basis. Locations
will include each of the surface water sampling locations discussed in Section
5.7.8.3. Samples will be analyzed for U-nat. Th-23 0. Ra-226. and Pb-21 0.

Ie 
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The following text will be added to Section 5.7.5 of the Technical Report 
immediately following the section that discusses operational surface soil monitoring: 

Sediment 

Operational sediment sampling will be conducted on an annual basis. Locations 
will include each of the surface water sampling locations discussed in Section 
5.7.8.3. Samples will be analyzed for U-nat. Th-230. Ra-226. and Pb-210. 



Radiological Open Issue No. 16
Operational sampling for food, fish, and vegetation sampling

August 18, 2009 Teleconference

Open Issue discussion:

The applicant has not provided sufficient justification for not conducting food or fish
sampling in the application. The staff notes that the applicant has not provided any
calculations to support the position that the vegetation pathway is not a potentially
significant exposure pathway and an individual would not exceed 5 percent of the
applicable radiation protection standards. The MILDOS analysis does not include a
food/vegetation dose pathway analysis for the east sector at a distance of 1.5 km. The
staff cannot verify that the assumptions used in the MILDOS analysis are representative
of the anticipated conditions at the facility.

Answer:

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.'. 

t,. 

Radiological Open Issue No. 16 
Operational sampling for food, fish, and vegetation sampling 

August 18, 2009 Teleconference 

Open Issue discussion: 

The applicant has not provided sufficient justification for not conducting food or fish 
sampling in the application. The staff notes that the applicant has not provided any 
calculations to support the position that the vegetation pathway is not a potentially 
significant exposure pathway and an individual would not exceed 5 percent of the 
applicable radiation protection standards. The MILDOS analysis does not include a 
food/vegetation dose pathway analysis for the east sector at a distance of 1.5 km. The 
staff cannot verify that the assumptions used in the MILDOS analysis are representative 
of the anticipated conditions at the facility. 

Answer: 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this RAI 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 



Radiological Open Issue No. 16
Operational sampling for food, fish, and vegetation sampling

August 18, 2009 Teleconference

Open Issue discussion.

Need to provide supporting justification for no operational vegetation sampling based on
footnote o to RG 4.14. Table 7.3-6 in MILDOS lists location of highest Rn daughter
surface soil deposition rates but not doses. (NOTE: max MILDOS TEDE + 0.8 mrem/yr;
footnote o = 5 mrem/yr.)

Answer:

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

• 

Radiological Open Issue No. 16 
Operational sampling for food, fish, and vegetation sampling 

August 18, 2009 Teleconference 

Open Issue discussion: 

Need to provide supporting justification for no operational vegetation sampling based on 
footnote 0 to RG 4.14. Table 7.3-6 in MILDOS lists location of highest Rn daughter 
surface soil deposition rates but not doses. (NOTE: max MILDOS TEDE + 0.8 mremlyr; 
footnote 0 = 5 mremlyr.) 

Answer: 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this RAI 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method . 



Radiological Open Issue No. 17
Gamma levels and cleanup criteria

August 18, 2009 Teleconference

Open Issue discussion:

The applicant plans to use hand-held and GPS-based gamma surveys to guide soil
remediation efforts. The applicant will monitor excavations with hand-held detection
systems to guide the removal of contaminated material to the point where the applicant
can determine that there is a high probability that an area meets the cleanup criteria. The
applicant has not defined what gamma level will correspond to the cleanup criteria.
Although the applicant identified a correlation between gamma readings and Ra-226
concentrations in soil in Section 2.9.2.2.3 of the Technical Report, the applicant has not
demonstrated how the gamma level will correlate to the uranium or other radionuclides
that may be present.

Answer:

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

Open Issue discussion: 

Radiological Open Issue No. 17 
Gamma levels and cleanup criteria 

August 18, 2009 Teleconference 

The applicant plans to use hand-held and GPS-based gamma surveys to guide soil 
remediation efforts. The applicant will monitor excavations with hand-held detection 
systems to guide the removal of contaminated material to the point where the applicant 
can determine that there is a high probability that an area meets the cleanup criteria. The 
applicant has not defined what gamma level will correspond to the cleanup criteria. 
Although the applicant identified a correlation between gamma readings and Ra-226 
concentrations in soil in Section 2.9.2.2.3 of the Technical Report, the applicant has not 
demonstrated how the gamma level will correlate to the uranium or other radionuc1ides 
that may be present. 

Answer: 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this RAI 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 



Radiological Open Issue No. 17
Gamma levels and cleanup criteria

August 18, 2009 Teleconference

Open Issue discussion:

Need to expand discussion of excavation control to include information on correlation
discussed in 2.9.

Answer:

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

Open Issue discussion: 

Radiological Open Issue No. 17 
Gamma levels and cleanup criteria 

August 18, 2009 Teleconference 

Need to expand discussion of excavation control to include information on correlation 
discussed in 2.9. 

Answer: 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this RAI 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 



Radiological Open Issue No. 18
Definition of potentially contaminated areas

August 18, 2009 Teleconference

Open Issue discussion:

The applicant states that cleanup of surface soils will be restricted to a few areas where
there are known spills and, potentially, small spills near wellheads. The applicant will
conduct final GPS-based gamma surveys in potentially contaminated areas; however, the
applicant does not define potentially contaminated areas.

Answer:

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

'. 

Radiological Open Issue No. 18 
Definition of potentially contaminated areas 

August 18, 2009 Teleconference 

Open Issue discussion: 

The applicant states that cleanup of surface soils will be restricted to a few areas where 
there are known spills and, potentially, small spills near wellheads. The applicant will 
conduct final GPS-based gamma surveys in potentially contaminated areas; however, the 
applicant does not define potentially contaminated areas. 

Answer: 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this RAI 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 



Radiological Open Issue No. 19
Gamma action limits and relation to preoperational gamma survey and

preoperational environmental monitoring
August 18, 2009 Teleconference

Open Issue discussion:

The applicant states that pre-reclamation surveys will be conducted, as described in
Section 6.2.1 of the Technical Report, in areas where known contamination has occurred
or the potential for unknown soil contamination exists. The applicant plans to divide
areas into 100 m2 grid blocks. Soil samples will be obtained from these grid blocks with
gamma count rates exceeding the gamma action limit. The applicant does not define the
gamma action limits or explain the relationship between the gamma count rates obtained
during the surface soil cleanup verification and the preoperational gamma survey, and
preoperational environmental monitoring conducted prior to construction. The applicant
has not provided assurance that the survey method for verification of soil cleanup is
designed to provide 95 percent assurance that the soil units meet the cleanup guidelines.

Answer:

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

Radiological Open Issue No. 19 
Gamma action limits and relation to preoperational gamma survey and 

preoperational environmental monitoring 
August 18, 2009 Teleconference 

Open Issue discussion: 

The applicant states that pre-reclamation surveys will be conducted, as described in 
Section 6.2.1 of the Technical Report, in areas where known contamination has occurred 
or the potential for unknown soil contamination exists. The applicant plans to divide 
areas into 100 m2 grid blocks. Soil samples will be obtained from these grid blocks with 
gamma count rates exceeding the gamma action limit. The applicant does not define the 
gamma action limits or explain the relationship between the gamma count rates obtained 
during the surface soil cleanup verification and the preoperational gamma survey, and 
preoperational environmental monitoring conducted prior to construction. The applicant 
has not provided assurance that the survey method for verification of soil cleanup is 
designed to provide 95 percent assurance that the soil units meet the cleanup guidelines. 

Answer: 

Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this RAI 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 



Radiological Open Issue No. 20
Application of radium benchmark dose on remaining structures

August 18, 2009 Teleconference

Open Issue discussion:

According to 10 CFR 40 Appendix A, Criterion 6(6), it states, "Byproduct material
containing concentrations of radionuclides other than radium in soil, and surface activity
on remaining structures, must not result in a total effective dose equivalent (TEDE)
exceeding the dose from cleanup of radium contaminated soil to the above standard
(benchmark dose), and must be at levels which are as low as is reasonably achievable." In
Section 6.3 of the Technical Report, the applicant states that based on the results of the
preliminary radiological surveys, gross decontamination techniques will be employed to
remove loose contamination before decommissioning activities proceed. The applicant
also discusses in Section 6.3 of the Technical Report the release limits for alpha
contamination. However, the applicant does not discuss how byproduct material
containing concentrations of radionuclides other than radium in soil, and surface activity
on remaining structures will not result in a total effective dose equivalent (TEDE)
exceeding the dose from cleanup of the radium contaminated soil to the above standard
(benchmark dose) and will be at levels which are as low as is reasonably achievable
(ALARA).

Answer:

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

Radiological Open Issue No. 20 
Application of radium benchmark dose on remaining structures 

August 18, 2009 Teleconference 

Open Issue discussion: 

According to 10 CFR 40 Appendix A, Criterion 6(6), it states, "Byproduct material 
containing concentrations of radionuclides other than radium in soil, and surface activity 
on remaining structures, must not result in a total effective dose equivalent (TEDE) 
exceeding the dose from cleanup of radium contaminated soil to the above standard 
(benchmark dose), and must be at levels which are as low as is reasonably achievable." In 
Section 6.3 of the Technical Report, the applicant states that based on the results of the 
preliminary radiological surveys, gross decontamination techniques will be employed to 
remove loose contamination before decommissioning activities proceed. The applicant 
also discusses in Section 6.3 of the Technical Report the release limits for alpha 
contamination. However, the applicant does not discuss how byproduct material 
containing concentrations of radionuclides other than radium in soil, and surface activity 
on remaining structures will not result in a total effective dose equivalent (TEDE) 
exceeding the dose from cleanup of the radium contaminated soil to the above standard 
(benchmark dose) and will be at levels which are as low as is reasonably achievable 
(ALARA). 

Answer: 

Proposed Revisions to License Application 

7 
The following changes are proposed to the license application in response to this RAJ 
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout 
method. 



Radiological Open Issue No. 21
Alternate disposal of byproduct material

August 18, 2009 Teleconference

Open Issue discussion:

In addition to requiring a permit from Wyoming, to dispose of liquid wastes in deep
wells, EMC must also show compliance with NRC regulations for the alternate disposal
of byproduct material. The appropriate requirements are found in 10 CFR 20.2002. EMC
has not provided sufficient information demonstrating that it will meet those
requirements. Specifically, EMC has not discussed compliance with 20.2002(d) which
requires analysis and procedures to ensure that doses are maintained ALARA and within
the dose limits of 10 CFR Part 20.

Answer:

EMC addressed this issue in the response to a Request for Additional Information (RAI)
submitted by the NRC Environmental Review Branch on the Moore Ranch
Environmental Report (ER). Specifically, RAI Question 4.13 #1, Potential Exposures
from Deep Disposal, asked for the following information:

It is proposed that liquid wastes for the most part will be disposed by deep well injection.
Provide an evaluation of potential radiological impact for such disposal, addressing
proposed total radioactivity, and potential radiological dose to members of the public for
any feasible exposure pathways.

EMC provided a response to this SER under cover of a letter addressed to Mr. Doug
Mandeville, NRC Project Manager, submitted August 27, 2009. EMC notes that this RAI
response was submitted after the teleconference held to discuss this Open Issue with the
Uranium Recovery Branch. The RAI response is duplicated here to assist the NRC
Uranium Recovery Branch in their review of this Open Issue.

RAI Question 4.13 #1 - Potential Exposures from Deep Disposal

A primary benefit of the disposal of liquid waste using deep disposal wells is that the
waste is permanently isolated from the human environment. Regulatory requirements for
the construction, operation, maintenance, and testing of these well from the EPA
Underground Injection Control program ensure that there are no releases of injected
waste. The response to this question reviews the stringent controls in place to protect
human health through the use of deep disposal wells.

In order to estimate the potential radiological impacts and total radioactivity from
disposal of liquid waste at the Moore Ranch project the flow and radiological
characteristics of the waste stream must be estimated. Uranium One provided the
anticipated waste stream water quality in a response to the RAI issued by NRC for the

Open Issue discussion: 

Radiological Open Issue No. 21 
Alternate disposal of byproduct material 

August 18,2009 Teleconference 

In addition to requiring a pennit from Wyoming, to dispose of liquid wastes in deep 
wells, EMC must also show compliance with NRC regulations for the alternate disposal 
of byproduct material. The appropriate requirements are found in 10 CFR 20.2002. EMC 
has not provided sufficient infonnation demonstrating that it will meet those 
requirements. Specifically, EMC has not discussed compliance with 20.2002(d) which 
requires analysis and procedures to ensure that doses are maintained ALARA and within 
the dose limits of 10 CFR Part 20. 

Answer: 

EMC addressed this issue in the response to a Request for Additional Infonnation (RAI) 
submitted by the NRC Environmental Review Branch on the Moore Rarich 
Environmental Report (ER). Specifically, RAI Question 4.13 #1, Potential Exposures 
from Deep Disposal, asked for the following infonnation: 

It is proposed that liquid wastes for the most part will be disposed by deep well injection. 
Provide an evaluation of potential radiological impact for such disposal, addressing 
proposed total radioactivity, and potential radiological dose to members of the public for 
any feasible exposure pathways. 

EMC provided a response to this SER under cover of a letter addressed to Mr. Doug 
Mandeville, NRC Project Manager, submitted August 27,2009. EMC notes that this RAI 
response was submitted after the teleconference held to discuss this Open Issue with the 
Uranium Recovery Branch. The RAI response is duplicated here to assist the NRC 
Uranium Recovery Branch in their review of this Open Issue. 

RAI Question 4.13 #1 - Potential Exposures from Deep Disposal 

A primary benefit of the disposal of liquid waste using deep disposal wells is that the 
waste is pennanently isolated from the human environment. Regulatory requirements for 
the construction, operation, maintenance, and testing of these well from the EPA 
Underground Injection Control program ensure that there are no releases of injected 
waste. The response to this question reviews the stringent controls in place to protect 
human health through the use of deep disposal wells. 

In order to estimate the potential radiological impacts and total radioactivity from 
disposal of liquid waste at the Moore Ranch project the flow and radiological 
characteristics of the waste stream must be estimated. Uranium One provided the 
anticipated waste stream water quality in a response to the RAI issued by NRC for the 



Moore Ranch Technical Report. That data is contained in Table 4-1 submitted in the
revised Technical Report submitted to NRC in September 2008.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this Open
Issue. These changes mirror those proposed in the RAI response for Section 4.13.2.5 of
the Environmental Report. Changes to the original text as submitted to NRC are noted in
red-line/strikeout method.

New Section 4.2.2.3:

4.2.2.3 Potential Exposure from Liquid Waste Disposal Method

As required in 10 CFR §20,2002(d), the following information is provided to demonstrate
the analyses and procedures proposed by EMC will ensure that occupational and public
exposure from disposal of liquid waste containing byproduct material is maintained
ALARA and within the dose limits in 10 CFR Part 20.

4.2.2.3.1 Total Radioactivity Related to Liquid Waste Disposal

As previously noted, the average consumptive use during the operational and restoration
phases of the Moore Ranch project is 105 gpm. This average flow will occur over a
period of 12.5 years, resulting in a total groundwater use during the operational and
restoration phases of 6.899E+8 gallons (2.61E+9 liters). Using the maximum anticipated
radionuclide content for uranium and radium-226 from Table 4-1, the expected total
radioactivity associated with uranium and radium-226 that will be disposed over the
course of the Moore Ranch project is 26.5 and 7.83 Curies, respectively.

4.2.2.3.2 Feasible Exposure Pathways from Deep Well Injection

Deep well injection technology and the EPA and state Underground Injection Control
("UIC") Programs established by the Safe Drinking Water Act ("SDWA") (42 U.S.C. §§
1420, et. seq.) to regulate this technology are major tools for protecting human health and
the environment by preventing the endangerment of drinking water sources. A UIC
permit cannot even be issued unless potential underground sources of drinking water
(USDWs) are protected. The foundational assumptions of the Class I UIC program are
that: (1) injected fluids will be permanently removed from the accessible environment,
(2) the fate and transport of waste is well defined and understood, and (3) underground
sources of drinking water will be protected. By definition, there cannot effectively be an
exposure pathway for injectate to move from the injection zone and reach the public if a
permit is to be granted.

The approved Wyoming UIC program must demonstrate that deep well injection
facilities are maintained and operated in accordance with federal and state regulations and
the UIC permits (see 40 C.F.R. §144.1(b)(1) and 40 CFR §147.2550). Consistent• 
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Proposed Revisions to License Application 

The following changes are proposed to the license application in response to this Open 
Issue. These changes mirror those proposed in the RAI response for Section 4.13.2.5 of 
the Environmental Report. Changes to the original text as submitted to NRC are noted in 
red-line/strikeout method. 
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radionuclide content for uranium and radium-226 from Table 4-1, the expected total 
radioactivity associated with uranium and radium-226 that will be disposed over the 
course of the Moore Ranch project is 26.5 and 7.83 Curies, respectively. 

4.2.2.3.2 Feasible Exposure Pathways from Deep Well Injection 

Deep well injection technology and the EPA and state Underground Injection Control 
("UIC") Programs established by the Safe Drinking Water Act ("SDWA") (42 U.S.c. §§ 
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that: (1) injected fluids will be permanently removed from the accessible environment, 
(2) the fate and transport of waste is well defined and understood, and (3) underground 
sources of drinking water will be protected. By definition, there cannot effectively be an 
exposure pathway for injectate to move from the injection zone and reach the public if a 
permit is to be granted. 

The approved Wyoming UIC program must demonstrate that deep well injection 
facilities are maintained and operated in accordance with federal and state regulations and 
the UIC permits (see 40 C.F.R. §144.1(b)(1) and 40 CFR §147.2550). Consistent 



monitoring and enforcement assure that the wells will continue to be protective of human
health and the environment. Permits allow for the injection and containment of
substances within deep geological formations located thousands of feet below the Earth's
surface where the injected fluids will remain isolated and contained for thousands of
years, which is an effective way to protect human health and the environment, as well as
underground and surface sources of drinking water.

EPA has repeatedly noted that "[w]hen wells are properly sited, constructed, and
operated, underground injection is an effective and environmentally safe method to
dispose of wastes" (EPA, 2001). EPA has found deep well injection to be "safer than
virtually all other waste disposal practices" (EPA 1993). Implementation of EPA's
current technical requirements for Class I wells, which are located at 40 C.F.R. 146,
include extensive construction, monitoring, operating and reporting requirements. When
wells comply with these regulations, the EPA has consistently found that "underground
injection is an effective and environmentally safe alternative to surface disposal" (EPA
1999). Furthermore, the EPA has noted for Class I industrial deep wells that "there are no
documented problems with the effectiveness of the UIC regulations." (55 Fed. Reg.
22,529, 22,658: June 1, 1990).

There are two potential pathways through which injected fluids can migrate to an
underground source of drinking water (USDW) and present a potential exposure to the
public: (1) failure of the well or (2) improperly plugged or completed wells or other
pathways near the well (EPA 2001).

Contamination due to well failure may be caused by leaks in the well tubing and casing
or when injected fluid is forced upward between the well's outer casing and the well bore
should the well lose mechanical integrity. Internal mechanical integrity is the absence of
significant leakage in the injection tubing, casing, or packer. An internal mechanical
integrity failure can result from corrosion or mechanical failure of the tubular and casing
materials. External mechanical integrity is the absence of significant flow along the
outside of the casing. Failure of the well's external mechanical integrity occurs when
fluid moves up the outside of the well due to a casing failure or improper installation of
the cement. To reduce the potential threat of well failures, operators must demonstrate
that there is no significant leak or fluid movement through channels adjacent to the well
bore before the well is issued a permit and allowed to operate. In addition, operators must
conduct appropriate mechanical integrity tests (MITs) every 5 years (for nonhazardous
wells) thereafter to ensure the wells have internal and external mechanical integrity and
are fit for operation. It is important to note that failure of an MIT, or even a loss of
mechanical integrity, does not necessarily mean that wastewater will escape the injection
zone. Class I wells have redundant safety systems to guard against loss of waste
confinement.

The multi-layer construction of a Class I deep well, which is required in Wyoming,
provides redundant safety features that guarantee injected wastes do not migrate from the
well bore into protected aquifers due to well failure. These wells must be constructed
with multiple layers of concentric tubing (made of steel or other materials designed to be• 
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compatible with the injected fluids) and cement which provides redundant layers of
protection to the injection structure. This construction amounts to a pipe within a pipe
within a pipe (three tubes, two layers of cement, and a fluid barrier) (EPA, 1994). Thus,
"Class I wells have redundant safety systems and several protective layers to reduce the
likelihood of failure. In the unlikely event that a well should fail, the geology of the
injection and confining zones serves as a final check on movement of wastewaters to
USDWs" (EPA 2001).

The Area of Review (AoR) is the zone of endangering influence around the well, or the
radius at which pressure due to injection potentially could cause the migration of the
injectate and/or formation fluid into a USDW if a conduit for flow (such as an improperly
plugged well) existed. Improperly plugged or completed wells that penetrate the
confining zone near the injection well could provide a pathway for fluids to travel from
the injection zone to USDWs. These potential pathways are most common in areas of oil
and gas exploration. To protect against migration through this pathway, wells that
penetrate the zone affected by injection pressure must be properly constructed or
plugged. Before injecting, operators must identify all wells within the AoR that penetrate
the injection or confining zone, and repair all wells that are improperly completed or
plugged before a permit is issued. Fluids could potentially be forced upward from the
injection zone through transmissive faults or fractures in the confining beds which, like
abandoned wells, can act as pathways for waste migration to USDWs. Faults or fractures
may have formed naturally prior to injection or may be created by the waste dissolving
the rocks of the confining zone. Artificial fractures may also be created by injecting
wastewater at excessive pressures. To reduce this risk, injection wells are sited such that
they inject below a confining bed that is free of known transmissive faults or fractures. In
addition, during well operation, operators must monitor injection pressures to ensure that
fractures are not propagated in the injection zone or initiated in the confining zone. It is
noted that some states, including Wyoming, allow creation of artificial fractures during
completion of a Class I injection well. However, such fractures must be contained within
the injection zone, and the maximum operational injection pressure must be below
fracture propagation pressure (e.g., the fracture cannot be extended during operations).

The 2001 EPA Risk Report discusses a study that quantitatively estimated the risk of
waste containment loss as a result of various sets of events associated with Class I
hazardous wells. Through a series of "event trees," the study estimated the probability
that an initiating event will occur and be undiscovered, followed by subsequent events
that could ultimately result in a release of injected fluids to a USDW. The study assumed
that, given the redundant safety systems in a typical Class I well, loss of containment
requires a string of improbable events to occur in sequence. For example, a leak develops
in the packer, followed by a drop in annulus pressure that is undetected due to a
simultaneous malfunction of the pressure monitoring system, followed by a leak in the
long string casing between the surface casing and the upper confining layer, resulting in a
loss of waste isolation (EPA 2001).

The study concluded that Class I hazardous injection wells which meet EPA's minimum
design and operating requirements pose risks that are well below acceptable levels.• 
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the injection or confining zone, and repair all wells that are improperly completed or 
plugged before a permit is issued. Fluids could potentially be forced upward from the 
injection zone through transmissive faults or fractures in the confining beds which, like 
abandoned wells, can act as pathways for waste migration to USDWs. Faults or fractures 
may have formed naturally prior to injection or may be created by the waste dissolving 
the rocks of the confining zone. Artificial fractures may also be created by injecting 
wastewater at excessive pressures. To reduce this risk, injection wells are sited such that 

, they inject below a confining bed that is free of known transmissive faults or fractures. In 
addition, during well operation, operators must monitor injection pressures to ensure that 
fractures are not propagated in the injection zone or initiated in the confining zone. It is 
noted that some states, including Wyoming, allow creation of artificial fractures during 
completion of a Class I injection well. However, such fractures must be contained within 
the injection zone, and the maximum operational injection pressure must be below 
fracture propagation pressure (e.g., the fracture cannot be extended during operations). 

The 2001 EPA Risk Report discusses a study that quantitatively estimated the risk of 
waste containment loss as a result of various sets of events associated with Class I 
hazardous wells. Through a series of "event trees," the study estimated the probability 
that an initiating event will occur and be undiscovered, followed by subsequent events 
that could ultimately result in a release of injected fluids to a USDW. The study assumed 
that, given the redundant safety systems in a typical Class I well, loss of containment 
requires a string of improbable events to occur in sequence. For example, a leak develops 
in the packer, followed by a drop in annulus pressure that is undetected due to a 
simultaneous malfunction of the pressure monitoring system, followed by a leak in the 
long string casing between the surface casing and the upper confining layer, resulting in a 
loss of waste isolation (EPA 2001). 

The study concluded that Class I hazardous injection wells which meet EPA's minimum 
design and operating requirements pose risks that are well below acceptable levels. 



According to the study, the probability of containment loss resulting from each of the
scenarios examined ranges from one-in-one-million to one-in-ten-quadrillion. The risks
for each are ranked as follows (from most probable to least probable): cement
microannulus leak, inadvertent extraction from the injection zone, major injection tube
failure, major packer failure, breach of the confining zone(s), leak in the packer, and leak
in the injection tubing.

EPA attributed this low risk to the use of engineered systems and geologic knowledge to
provide multiple barriers to the release of wastewater to USDWs. Although the risk
analysis was primarily concerned with Class I hazardous wells, many of the well design
and construction requirements also apply to Class I nonhazardous wells and can be
extrapolated to the wells planned for the Moore Ranch project.

A third potential pathway would involve drilling through the injection zone. In the
unlikely event that a well were drilled through the injection zone, potential exposure is
limited by many factors, which are discussed below.

The first factor that would limit potential exposure is that the radius of fluid displacement
is limited. For example, for a 10-year operation of the proposed Moore Ranch deep
disposal wells the radius of fluid displacement (based on piston-like displacement) is
calculated to be 327 feet from each injection well. For the purposes of this discussion it is
assumed that this pathway would only exist after the operational life of the Moore Ranch
project since EMC would certainly detect drilling activity within the limited radius of
fluid displacement during active operations at the site.

In addition, standard drilling practices used in the Power River Basin dictate drilling with
mud which provides a hydraulic head in the well greater than the head in the formation
drilled. As such, there would be no mechanism for flow from the injection zone into a
well that was being drilled with mud. Rather, fluid is continually lost from the well into
the formation while drilling proceeds.

Further, concentrations of radionuclides will decrease due to natural dispersion as fluid is
displaced from the injection wells. An analogy for the concentration reduction due to
dispersion was evaluated for COGEMA (2004; Wellfield Restoration Report, Irigaray
Mine). For that project, a MODFLOW/M\4T3D model was used to assess transport of
metals and radionuclides. Model simulations indicated that, on average, the concentration
metals and radionuclides were reduced by a factor of seven over a transport distance of
400 feet due solely to dispersion (no retardation or precipitation was assumed).

The mobility of specific radioactive constituents of concern (uranium and radium-226)
also is limited by natural retardation. The magnitude of retardation has been researched
by Carlos, 2001; Johnson, 1994; U.S. DOE, 1996: and U.S. NRC, 1990. For the same
project (COGEMA, 2004), sorption was implemented in some of the solute transport
simulations. Sorption refers to the mass transfer between the constituent dissolved in
groundwater and the constituent sorbed on the porous medium. Equilibrium conditions
are generallv assumed to exist between the aaueous nhase and the solid nhase
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concentrations and the sorption reactions are fast enough relative to groundwater velocity
to be treated as instantaneous. A linear sorption isotherm assumes that the sorbed
concentration (Cs) is directly proportional to the dissolved concentration (C):

Cs=KdC

Ki is the distribution coefficient (L/kM).where:

The equilibrium controlled linear sorption isotherm is incorporated into the MT3DMS
code through the use of a retardation factor, defined as:

R=LIb Kd /-&

where: no= bulk density
q= effective porosity

Representative retardation (Kd) values in published literature include:

Constituent Ran2e of Kd Values Source

Carlos, 2001
Johnson, 1994

Uranium 0.4- 10 U.S. DOE, 1996
U.S. NRC, 1990

65 - 6,700 Moody, 1982
1_.00 U.S. NRC, 1980

MODFLOW simulations using MT3D for transport were run to assess transport of
radionuclides at Irigaray. Conservative Kd values on the lower end of the range identified
in the literature search were used. Model simulations showed that the concentration of
uranium at a distance of 400 feet was only 10% of the initial concentration when a KdOf
0.5 L/Kg was used. At 1,000 years of simulation time, the Ra-226 concentration at a
distance of 400 feet was 5 pCi/L (the MCL for Ra-226) using a Kd of 5 L/Kg. This
represents an order of magnitude decrease from the initial concentration of 50 pCi/L.

In summary:

o Based on piston-like flow, the radius of fluid displacement for the operational
lifetime is small (approximately 327 feet)

* Because of the head induced by drilling mud, it is extremely unlikely that there
would be flow from the injection zone into a well that was being drilled with mud.
The amount of drilling cuttings generated, and the potential radioactive dose from
those cuttings, is expected to be minimal.• 
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o Dispersion alone likely will reduce concentrations of radionuclides by an
approximate factor of seven over a 400-foot displacement distance

o Sorption/retardation will further reduce concentrations at 400 feet from the well
by approximately one order of magnitude.

Based on the analogies from the COGEMA study, it is reasonable to assume that, if a
well was drilled through the injection zone at a distance of 400 feet from the injection
well, the concentration of radionuclides would be one to two orders of magnitude less
than the original concentration injected into the Class I well. In addition, the use of
drilling mud will prevent injected wastes from leaving the injection zone. Hence,
potential exposure from a well drilled through the injection zone, even for a well located
only 400 feet from the injection well, is minimal.
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