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1.0 Introduction 

Lyntek Inc. was contracted by Uranium One - Utah to develop a treatment method and 

portable water treatment system for the Velvet Mine located near Moab Utah. The Mine 

is currently shut down but Uranium One is planning to re-open the underground workings 

in the near future.  The mine will require dewater to allow for underground mining to 

commence. 

  

The Velvet Mine is an underground uranium-vanadium mine consisting of several 

working faces.  Uranium one has maintained a self-monitoring program of the site and 

has decided to start the dewatering process this year if permits can be obtained.  

Portions of the mine workings are currently flooded and would need to be dewatered 

before they could be accessed for mineral exploration. 

 

The mine has an approximate lower depth of 795 feet. The current static water level is 

approximately 395 feet.  The total volume of water is approximately 42,000,000 and it 

must be pumped out, treated and discharge prior to re-opening the mine.    

 

The available historical data indicates that the average ground water inflow was 25 to 35 

GPM.  The ground water inflow is originating from the Mossback member of the Chinle 

Formation, which hosts the mine workings. The ground water or sub-surface water enters 

the mine through various methods and natural fractures in the rock.  

            

The historic and current water quality data show that the mine drainage water has a pH 

ranging from 6.9 to 7.2 with low levels of sulfides, suspended solids and most other 

contaminants. Based on the available data, the following metal species may be present in 

the untreated water at higher levels than allowable for surface release without treatment: 

Radium, Uranium, and Zinc. Two other metals are potentially of concern Arsenic and 

Selenium.    
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2.0 Water Treatment Chemistry 

A water treatment plant will be designed to treat mine water over a range of reported 

values for Radium, Uranium and Zinc. Historical mine drainage data for the Velvet Mine 

was obtained from information provide to Lyntek Inc by Uranium One.  

 

The discharge standards presented below are from Utah Standards of Water Quality and 

(UPDES) the existing self-monitoring permit, Permit No. UT0023914 issued for this 

facility. 

 

The historical data shows only that Radium, Uranium and Zinc metal species are of 

concern.  Of these, only Radium, Uranium have historically been at levels requiring 

treatment.  

 

Lyntek Inc. after reviewing the data was requested to visit the site, sample the water and 

test various treatment options to determine the best method to treat the water to achieve 

acceptable discharge levels for the state of Utah.   

Traditional water treatment methods are described below.  

 

Radium 

Expected range of activity levels: 1 to 5 pCi/L 

Discharge standard: Maximum discharge limits of 5 pCi/L. 

 

Radium is traditionally removed from waters by the addition of barium chloride (BaCl). 

Test work by Lyntek with analyses by Hazen Research, on water with a similar chemical 

profile found that the addition of 30 mg/L of BaCl is sufficient to reduce the Radium 

levels to 1.2 pCi/L, which is less than the target discharge level.   

 

Recent bench scale testing by Lyntek at another mine in the same formation (near La Sal, 

Utah) with similar water showed a 69% reduction in the Radium level when treated with 

barium chloride and ferric sulfate, at the design dosage. The untreated water had a 

Radium-226 level of 13 (+/-1) pci/L, which was reduced to 4.0 (+/- 0.9) pci/L. 
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Test work by Hazen Research and others has identified the optimum pH for radium 

removal at 8.0 to 9.0, the water at site currently has a pH of which is the reported 

naturally occurring pH of the mine discharge (8.4 to 9.0). Therefore, no pH adjustment is 

anticipated at this time. 

 

Uranium 

Expected range of concentrations: 0.1 to 1.7 mg/L  

Discharge standard: Average and maximum discharge limits of 2.0 and 4.0 mg/L, 

respectively.  

 

Uranium, like radium, may be removed from water by the addition of barium chloride 

(BaCl). Lyntek’s bench scale testing at the La Sal, Utah mine showed that uranium 

concentrations in mine water with a pH of 8.8 were reduced from 0.1 mg/L (68 pCi/L) to 

0.049 mg/L (33 pCi/L) with the addition of barium chloride and ferric sulfate at the 

design dosage. Additional secondary treatment with filters and resin columns are 

typically necessary to achieve the drinking water standard of 0.030 mg/L. 

 

Zinc 

Expected range of concentrations: 0.002 to 0.2 mg/L 

Discharge standard: Average of 1.0 mg/L 

  

Removal of most metals is commonly accomplished by raising the pH of the feed water 

to a pH of 10.00 or higher, with the addition of lime or caustic. This treatment will 

produce metal hydroxides, which are insoluble in water. Zinc will precipitate best at a pH 

of 8.8, so if elevated zinc levels are encountered lime can be added to precipitate this 

metal. 
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Arsenic 

Expected range of concentrations: 0.002 to 0.2 mg/L 

Discharge standard: Average of 0.1 mg/L 

 

Dissolved arsenic can be precipitated from water by raising the pH to 10.00 or higher, by 

the addition of lime or caustic.  This is considered unrealistic for this project due to the 

resulting high volume of sludge produced. Elevated levels of arsenic can be also be 

removed from water to achieve levels of less than 10 parts per billion (<0.01 mg/L) by 

elevating the pH to a range of 8.7 to 8.8, if sufficient levels of iron are present.  

 

The current available data shows that the average pH of the mine drainage is 8.5 to 8.8; 

this pH range should be sufficiently high to precipitate the metals species of concern 

without addition of lime to raise the pH.  

  

A co-precipitation occurs with the arsenic and the available iron. Dissolved iron is 

relatively low in the mine water (<0.1 mg/L) but can be increased by adding ferric sulfate 

(FeSO4) during treatment with an approximate ratio of 3:1, Iron (as Fe
+3
) to arsenic.  Iron 

should only be added in sufficient quantity to precipitate the arsenic to meet the site-

specific discharge standard, while remaining in compliance with the discharge limit for 

dissolved iron (i.e., 0.3 mg/L).   

At this time it is not anticipated that any treatment for Arsenic will be required.  

 

Selenium 

Expected range of concentrations: 0.002 to 0.02 mg/L 

Discharge standard: Average of 0.02 mg/L 

 

It has been shown that Selenium can co-precipitate with iron. The water treatment system 

proposed could provide excess iron that is necessary to co-precipitate some of the 

Selenium. This should be adequate for the Velvet mine water, which has selenium 

concentrations below the discharge limit. However, if higher concentrations (i.e., up to 



    

Lyntek, Inc.     Page 5 

Project # 08019 Uranium One – Mine Water Treatment Report September 24, 2008 

0.035 mg/L) were to be encountered, it would probably. To add iron for this co-

precipitation reaction to occur  

At this time it is not anticipated that any treatment for Selenium will be required. 
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3.0 Site Laboratory Scale Testing 

To confirm what is the best method for treating the water at the Velvet mine. Lyntek Inc. 

sent a senior engineer to site to perform a combination of tests to determine the best 

method for treating the current water at this site. As no recent water analysis has been 

done Lyntek proposed a total of four (4) possible combinations to confirm the best 

treatment scheme.  

 

Water Volume 

Water was pumped from the underground mine workings at a depth of approximately 740 

feet.  This provided a representative sample of the existing water. A submersible pump 

was installed and water was pumped from this zone for several hours to provide a “fresh 

sample”  

 

During this pumping period a sufficient quantity of water was collected for the following 

tests to be performed.  The water tested was pumped from the lower of the two (2) vent 

shafts. 

   

Head sample 

A sample of the water source was collected for comparison against four treatment 

methods. The untreated head sample as well as the treated samples were analyzed for 

selected Dissolved and Total metals, Uranium Radium, as well as Total Dissolved and 

Total Suspended Solids. 

 

3.1 Test Protocol 

Water Treatment tests 1 – 4 

The water source was tested using the below outlined treatment method, a 5 gallon 

sample was treated using each of the four test as shown. 

 

The treated water was gross filtered and split into multiple samples for the various, 

previously listed constituents, (Uranium, Radium, etc.)  
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Test # 1 – BaCl only 

Water      (Test Equivalent)  

 5.0 Gallons       18.9 liters 

Reagents 

 30.00 mg/L of BaCl     0.567 grams 

1) The pumped water was measured into a calibrated 5 gal baffled bucket 

2) Add the equivalent grams of BaCl 

3) Agitate the sample for 10 minutes with a mechanical agitator 

4) Allow the sample to settle 

5) Gross filter the sample to recover the formed solids – save and label the formed solids  

6) Take a 500ml sample of the gross filtrated water for total metals sample bottle 

7) Take two (2), two Liter samples for Uranium & Radium testing. 

8) Take one (1) one liter sample for Total and suspended solids 

 

Test # 2 – BaCl and Lime  

Water      (Test Equivalent) 

 5.0 Gallons    18.9 liters 

Reagents 

 30.00 mg/L of BaCl   0.567 grams 

 TBD grams of Lime   TDB 

1) The pumped water was measured into a calibrated 5 gal baffled bucket 

2) Add the equivalent grams of BaCl 

3) Add hydrated Lime to raise the pH to 9.0 record the weight of lime added 

4) Agitate the sample for 10 minutes with a mechanical agitator 

5) Allow the sample to settle 

6) Gross filter the sample to recover the formed solids – save and label the formed solids  

7) Take a 500ml sample of the gross filtrated water for total metals sample bottle 

8) Take two (2), two Liter samples for Uranium & Radium testing. 

9) Take one (1) one liter sample for Total and suspended solids 
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Test # 3 – BaCl & FeSO4 & Lime 

If Arsenic is present it will Co-precipitate if sufficient Iron is present, as we currently do 

not have any Iron analysis, Lyntek will perform a colorimetric test on the untreated water 

to determine the total Iron, to estimate the necessary Iron addition if necessary.  (The 

known treatment regime is a 3:1 ratio of Iron (as Fe
+3
) to arsenic. 

 

Water      (Test Equivalent) 

 5.0 Gallons    18.9 liters 

Reagents 

 30.00 mg/L of BaCl   0.567 grams 

 TBD grams of Lime   TDB 

 TBD grams of FeSO4   Anticipated 0.06g/L or1.0grams  

1) The pumped water was measured into a calibrated 5 gal baffled bucket 

2) Add the equivalent grams of BaCl 

3) Add hydrated Lime to raise the pH to 9.0 record the weight of lime added 

4) Agitate the sample for 10 minutes with a mechanical agitator 

5) Add the calculated grams of FeSO4 and agitate for 2 minutes 

6) Allow the sample to settle 

7) Gross filter the sample to recover the formed solids – save and label the formed solids  

8) Take a 500ml sample of the gross filtrated water for total metals sample bottle 

9) Take two (2), two Liter samples for Uranium & Radium testing. 

10) Take one (1) one liter sample for Total and suspended solids 

 

Test # 4 – BaCl / FeSO4 / Bi-Sulfate & Lime 

This test is an optional test and can be performed to confirm the reported ability of Meta-

Bi-Sulphate to reduce Selenium concentration in water.  Currently one operating plant 

designed by Lyntek is using this method to successfully produce treated water to Utah 

discharge standards.  

 

Water      (Test Equivalent) 

 5.0 Gallons    18.9 liters 
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Reagents 

 30.00 mg/L of BaCl   0.567 grams 

 TBD grams of Lime   TDB 

 TBD grams of FeSO4   Anticipated 0.06g/L or1.0grams  

 13 ppm Meta-Bi-Sulphate  Anticipated 0.25 grams 

1) The pumped water was measured into a calibrated 5 gal baffled bucket 

2) Add the equivalent grams of BaCl 

3) Add hydrated Lime to raise the pH to 9.0 record the weight of lime added 

4) Agitate the sample for 10 minutes with a mechanical agitator 

5) Add the calculated grams of FeSO4 and Bi-Sulphate then agitate for 2 minutes 

6) Allow the sample to settle 

7) Gross filter the sample to recover the formed solids – save and label the formed solids  

8) Take a 500ml sample of the gross filtrated water for total metals sample bottle 

9) Take two (2), two Liter samples for Uranium & Radium testing. 

10) Take one (1) one liter sample for Total and suspended solids 
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3.2 Test Summary 

Water Sampling 

 

Time       

Pump 

Rate 
GPM pH ORP Comments

Cumulative 

Minutes of 
Pumping

Cumulative 

Gallons 
Pumped

Static 

Water 
level

General Comments Head 
Sample

11:42 12.85 8.9 10
Start pumping / Clear 
Water 395' water clear- No Odor

11:52 12.88 5 10 128

12:00 12.57 18 230
Total Iron 0.135mg/L - light 
rain

12:13 12.85 9.2 5 to 2 31 397 Sulfide Ordor - mild

12:50 12.86 9.3 11 68 871 Sulfide Odor - stong

1:15 9.29 2 93 1191 Oily smell - water clear
1:45 12.81 123 1575 397'

2:00 138 1767 Total iron 0.236mg/L

2:10 N/A 9.2 5 to 2 Start Test #1 N/A N/A N/A
2:20 N/A 9.2 5 to 2 Start Test #2 N/A N/A N/A

2:40 N/A 9.2 5 to 2 Start Test #3 N/A N/A N/A

3:00 N/A 9.2 5 to 2 Start Test #4 N/A N/A N/A Total iron 0.236mg/L

Averages 12.80 9.18 4.3

Summary of Water Sampleing 

TABLE  3.1

Pull 25 gallon of Sample -Shut off pump

 

 

 

Test Results 

Lyntek had a senior engineer at the Velvet mine on July 21
st
 2008 to perform the above 

described tests. 

 

Summarized below are the laboratory assay results of the untreated head sample and the 

four possible treatment methods. 
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Table 3.2 

Velvet Mine - Laboratory Scale Test at Site

Date of Test: July 21, 2008

Dissolved 

Metals mg/L

Total Metals 

mg/L

Total 

Dissolved    

Solids          

TDS mg/L

Total 

Suspended   

Solids          

TSS mg/L

Lower 

Detection 

Limits 

mg/L Daily Max.

Monthly 

Average Units

Head Sample 5360 Non Detect 5 / 10 20 30 mg/L TSS

Arsenic 0.00235 0.00200

Iron Non Detect 0.200

Selenium Non Detect 0.00200 .0.50 mg/L Agr. & Domestic

Antimony Non Detect 0.00200

Arsenic Non Detect 0.0020

Beryllium Non Detect 0.0010

Cadmium Non Detect 0.00050

Chromium 0.0048 0.00220

Copper Non Detect 0.010

Iron Non Detect 0.020

lead Non Detect 0.0020

Molybdenum 1.5 0.0050

Mercury Non Detect 0.00010

Nickel Non Detect 0.010

Silver Non Detect 0.00020

Thallium Non Detect 0.0010

Zinc 0.0097 0.0050 1.0 0.5 mg/L dissolved

22 0.7 4.0 2.0 mg/L

15 0.5

Accuracy

Radium-226 (pCi/L)(T) 2.2 (+/-0.7) 0.1 pCi/L 30.0 10.0 pCi/L

Radium-226 (pCi/L)(D) 0.7 (+/-0.4) 0.1 pCi/L

Gross Alpha pCi/L (T) 27 (+/-5) 3.3 pCi/L 15.0 pCi/L

Gross Alpha pCi/L (T)** 12 (+/-5) 3.3 pCi/L 4.0 mrem/yr.

Gross Beta pCi/L (T) 5.8 (+/-5.1) 5.0 pCi/L

(T) = total

(D) = Dissolved

(T)** =Less Radon & Uranium

Uranium results reported assumes natural activity of U = 6.77x 10-7 Ci/gm

Utah Water Quality Standards

Uranium (ug/L) (T)

Uranium (pCi/L) (T)
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Dissolved 

Metals mg/L

Total Metals 

mg/L

Total 

Dissolved    

Solids          

TDS mg/L

Total 

Suspended   

Solids          

TSS mg/L

Lower 

Detection 

Limits 

mg/L Daily Max.

Monthly 

Average Units

Test # 1 5360 25.5 5 / 10 20 30 mg/L TSS

Arsenic Non Detect 0.00200

Iron Non Detect 0.200

Selenium Non Detect 0.00200 .0.50 mg/L Agr. & Domestic

Antimony Non Detect 0.00200

Arsenic Non Detect 0.0020

Beryllium Non Detect 0.0010

Cadmium Non Detect 0.00050

Chromium Non Detect 0.00220

Copper Non Detect 0.010

Iron Non Detect 0.020

lead Non Detect 0.0020

Molybdenum 1.58 0.0050

Mercury Non Detect 0.00010

Nickel Non Detect 0.010

Silver Non Detect 0.00020

Thallium Non Detect 0.0010

Zinc 0.0329 0.0050 1.0 0.5 mg/L dissolved

15 0.7 4.0 2.0 mg/L

10 0.5

Accuracy

Radium-226 (pCi/L)(T) 1 (+/-0.5) 0.2 pCi/L 30.0 10.0 pCi/L

Radium-226 (pCi/L)(D) 0.5 (+/-0.3) 0.1 pCi/L

Gross Alpha pCi/L (T) 18 (+/-5) 3.3 pCi/L 15.0 pCi/L

Gross Alpha pCi/L (T)** 8 (+/-5) 3.3 pCi/L 4.0 mrem/yr.

Gross Beta pCi/L (T) 14 (+/-5) 5.0 pCi/L

(T) = total

(D) = Dissolved

(T)** =Less Radon & Uranium

Uranium results reported assumes natural activity of U = 6.77x 10-7 Ci/gm

Utah Water Quality Standards

Uranium (ug/L) (T)

Uranium (pCi/L) (T)

Table 3.3
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Table 3.4 

Dissolved 

Metals mg/L

Total Metals 

mg/L

Total 

Dissolved    

Solids          

TDS mg/L

Total 

Suspended   

Solids          

TSS mg/L

Lower 

Detection 

Limits 

mg/L Daily Max.

Monthly 

Average Units

Test # 2 5350 25 5 / 10 20 30 mg/L TSS

Arsenic Non Detect 0.00200

Iron Non Detect 0.200

Selenium Non Detect 0.00200 .0.50 mg/L Agr. & Domestic

Antimony Non Detect 0.00200

Arsenic Non Detect 0.0020

Beryllium Non Detect 0.0010

Cadmium Non Detect 0.00050

Chromium Non Detect 0.00220

Copper Non Detect 0.010

Iron Non Detect 0.020

lead Non Detect 0.0020

Molybdenum 1.42 0.0050

Mercury Non Detect 0.00010

Nickel Non Detect 0.010

Silver Non Detect 0.00020

Thallium Non Detect 0.0010

Zinc 0.0484 0.0050 1.0 0.5 mg/L dissolved

0.7

22 0.7 4.0 2.0 mg/L

15 0.5

Accuracy

Radium-226 (pCi/L)(T) 2.1 (+/-0.7) 0.2 pCi/L 30.0 10.0 pCi/L

Radium-226 (pCi/L)(D) 0.1 (+/-0.2) 0.1 pCi/L

Gross Alpha pCi/L (T) 24 (+/-5) 3.3 pCi/L 15.0 pCi/L

Gross Alpha pCi/L (T)** 9 (+/-5) 3.3 pCi/L 4.0 mrem/yr.

Gross Beta pCi/L (T) 5.6 (+/-5.2) 5.0 pCi/L

(T) = total

(D) = Dissolved

(T)** =Less Radon & Uranium

Uranium results reported assumes natural activity of U = 6.77x 10-7 Ci/gm

Uranium (ug/L) (T)

Uranium (pCi/L) (T)

Utah Water Quality Standards
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Dissolved 

Metals mg/L

Total Metals 

mg/L

Total 

Dissolved    

Solids          

TDS mg/L

Total 

Suspended   

Solids          

TSS mg/L

Lower 

Detection 

Limits 

mg/L Daily Max.

Monthly 

Average Units

Test # 3 5360 23.5 5 / 10 20 30 mg/L TSS

Arsenic Non Detect 0.00200

Iron Non Detect 0.200

Selenium Non Detect 0.00200 .0.50 mg/L Agr. & Domestic

Antimony Non Detect 0.00200

Arsenic Non Detect 0.0020

Beryllium Non Detect 0.0010

Cadmium Non Detect 0.00050

Chromium Non Detect 0.00220

Copper Non Detect 0.010

Iron 0.588 0.020

lead Non Detect 0.0020

Molybdenum 1.53 0.0050

Mercury Non Detect 0.00010

Nickel Non Detect 0.010

Silver Non Detect 0.00020

Thallium Non Detect 0.0010

Zinc 0.0139 0.0050 1.0 0.5 mg/L dissolved

0.7

22 0.7 4.0 2.0 mg/L

15 0.5

Accuracy

Radium-226 (pCi/L)(T) 0.1 (+/-0.2) 0.1 pCi/L 30.0 10.0 pCi/L

Radium-226 (pCi/L)(D) 1.2 (+/-0.5) 0.1 pCi/L

Gross Alpha pCi/L (T) 15 (+/-5) 4.6 pCi/L 15.0 pCi/L

Gross Alpha pCi/L (T)** 0 (+/-5) 4.6 pCi/L 4.0 mrem/yr.

Gross Beta pCi/L (T) 7.3 (+/-5.0) 4.9 pCi/L

(T) = total

(D) = Dissolved

(T)** =Less Radon & Uranium

Uranium results reported assumes natural activity of U = 6.77x 10-7 Ci/gm

Uranium (ug/L) (T)

Uranium (pCi/L) (T)

Utah Water Quality Standards

Table 3.5 
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Table 3.6  

Dissolved 

Metals mg/L

Total Metals 

mg/L

Total 

Dissolved    

Solids          

TDS mg/L

Total 

Suspended   

Solids          

TSS mg/L

Lower 

Detection 

Limits 

mg/L Daily Max.

Monthly 

Average Units

Test # 4 5380 23 5 / 10 20 30 mg/L TSS

Arsenic Non Detect 0.00200

Iron Non Detect 0.200

Selenium Non Detect 0.00200 .0.50 mg/L Agr. & Domestic

Antimony Non Detect 0.00200

Arsenic Non Detect 0.0020

Beryllium Non Detect 0.0010

Cadmium Non Detect 0.00050

Chromium Non Detect 0.00220

Copper Non Detect 0.010

Iron 0.861 0.020

lead Non Detect 0.0020

Molybdenum 1.44 0.0050

Mercury Non Detect 0.00010

Nickel Non Detect 0.010

Silver Non Detect 0.00020

Thallium Non Detect 0.0010

Zinc 0.0234 0.0050 1.0 0.5 mg/L dissolved

0.7

29 0.7 4.0 2.0 mg/L

20 0.5

Accuracy

Radium-226 (pCi/L)(T) 2.1 (+/-0.6) 0.1 pCi/L 30.0 10.0 pCi/L

Radium-226 (pCi/L)(D) 0.5 (+/-0.3) 0.1 pCi/L

Gross Alpha pCi/L (T) 21 (+/-4.0) 3.0 pCi/L 15.0 pCi/L

Gross Alpha pCi/L (T)** 1 (+/-4.0) 3.0 pCi/L 4.0 mrem/yr.

Gross Beta pCi/L (T) 20 (+/-6.0) 5.4 pCi/L

(T) = total

(D) = Dissolved

(T)** =Less Radon & Uranium

Uranium results reported assumes natural activity of U = 6.77x 10-7 Ci/gm

Uranium (ug/L) (T)

Uranium (pCi/L) (T)

Utah Water Quality Standards

 

 

3.3 Interpretation of Test Results 

The sampled and tested water on the day of the test is somewhat different than expected 

in that the pH was considerably higher than expected.  The historical operating data 

indicated that the water should be slightly higher than neutral i.e. 7.1.  On the day of 

testing the actual pH was between 8.9 and 9.2.  This high pH resulted in very low to non 

detect on all metals species, with the exception of Molybdenum and Zinc.  This is normal 

for these metals as they will re-solubilize when the pH is above 8.5. Please refer to table 

3.7 “ Metal Hydroxide solubility as a function of pH”.  
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Table 3.7  
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4.0 Water Treatment Process 

Based on the tests run in the field and the historical data, the water to be treated will 

respond well to a single treatment step of Barium Chloride, followed by settling.  The 

only components of the water of any concern at this time are the Uranium and the 

Radium, both of which were reduced with the treatment by Barium Chloride. On the day 

of the test none of the metals or components assayed for were above the Utah mandated 

standard for release.  Historical data again indicated that the former treatment scheme of 

Barium Chloride and settling of the resulting sludge have produced acceptable results.  

Lyntek see no need to deviate from this treatment scheme. 

 

The Water should be monitored and if the pH or other conditions change then an 

additional chemical or treatment step might be considered, I.E. adding lime to raise the 

pH if the pH drops below 7.0. 

 

Uranium One is proposing to dewater the mine in a two-step process: 

The flow sheet presented on Lyntek drawing 08019-A-F-01 Rev A and 08019-F-05 Rev 

0 provides an overview of the treatment process (See Appendix A for all drawings).  

 

Phase One (250 GPM Pilot plant) 

Uranium proposed to set-up a “Pilot test program” during the initial mine dewatering.  A 

temporary plant will be brought to the site.  The water will be pumped out of the mine at 

a maximum flow rate of approximately 250 GPM. Barium Chloride will be combined in 

an agitated tank with sufficient residence time to react with the Radium & Uranium, the 

design contact time is 10 minutes, but to insure sufficient contact time this tank will be 

oversized.  Lyntek proposes to use an 11’ diameter by 20’ (+) tall tank, with an overflow 

(outlet) at the 16’to 17’ level. The minimum tank volume required would be 3,000 

gallons; this tank would have an operating volume of 12,000 gallons, approximately 4 

times larger than the minimum.  The discharge from this tank will flow by gravity to a 

series of settling tanks.  The insoluble precipitate will be retained within the settling tanks 

and the treated water will be released.   
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As this is a temporary facility the settling will occur in roll off or Frac Tanks, but will be 

sized to allow for sufficient settling time to allow for retention of the produced solids. 

Please refer to Lyntek Inc drawing # 08019-F-05.  This will be a temporary facility and 

will be removed from the site after the pilot-testing phase is complete.  All the treatment 

and settling equipment will be located down gradient of the south vent near where the 

“old” collection ponds were located, and will be placed on a secondary lined containment 

areas.   

A conceptual layout for locating the “Pilot Plant” equipment is shown Site Map 08019-C-

01 & 02.  When the majority of the water has been pumped out of the mine and treated 

the second phase of operations will commence.   

 

Phase Two (Permanent Plant)   

Once the pilot-testing phase is complete a more permanent facility will be brought to the 

site. This will be a 25 GPM circuit to treat the on going mining operation needs.  

This is proposed as a semi-fixed facility, consisting of a 48’ trailer van and an above 

ground settling tank, that will be placed within a secondary lined containment areas. 

Please refer to Lyntek Inc drawing # 08019-F -01, and 07004A-G-01 Rev A for the flow 

sheet and a general arrangement drawing. 

 

4.2  Treatment Plant Operations – Long term treatment 

Both the “Pilot Plant” and the “Permanent Plant” will both operate with the same 

chemistry and operating philosophy. Described below is the 25 GPM circuit for sake of 

brevity. 

 

The mine water will be pumped to the water treatment trailer, which has been designed to 

operate at 25 GPM or less. This treatment rate is approximately the same as the estimated 

maximum steady-state flow conditions when the mine is operating.  The treatment plant, 

shown on Drawing 07017-G-01 Rev A, is a fully self-contained treatment unit, complete 

with mix tanks, reaction tanks, and reagent storage.  
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A 250-gallon head tank will receive the water from the mine and will allow for some 

flexibility within the system and the mine.  To prevent overflow of the Untreated Water 

Tank, a level sensor will be installed in the head tank and will be interconnected to the 

mine water pump.  If the tank should ever reach the preset maximum level, the level 

sensor would automatically shut off the mine pump until the water level in the tank is 

lowered. Installation and operation of the level sensor is discussed in more detail in 

Section 7.0, Monitoring Systems. 

 

Chemicals from the reagent mix tanks are added to the untreated water as it is pumped 

from the Untreated Water Tank to the two, 300-gallon reaction tanks. The reaction tanks 

are sized to allow for at least 12 minutes of retention time per tank.  Design calculations 

indicate that only one tank is needed; the second tank provides flexibility of operation 

and the potential for treating higher flows if needed.  

 

The trailer has three (3) reagent mix/storage tanks; each tank has approximately 300 

gallons of storage. The first two tanks are for barium chloride and the third tank is for 

ferric sulfate or lime if required in the future. One of the two barium chloride tanks can 

be converted to a lime tank, if lime addition is required in the future.  Each tank is 

equipped with an agitator to properly mix each reagent. The operator will first fill the 

tank with water and then add the appropriate weight of reagent. The agitators within each 

tank will be operated constantly to ensure proper mixing or suspension of reagent.  

Reagents will be fed (metered) into the water at the designed dose rate. The reagent 

dosing pumps are adjustable to provide more or less dosing depending on flow rates and 

water quality. The projected initial dose rate for each reagent is shown in table 3.1. 

 

To insure adequate contact with the water and the reagents, the dosed water is fed into an 

inline static mixer.  The chemical reactions start in the static mixer and continue as the 

water and reagents mix in the reaction tanks. The reaction tanks are fed via the pump 

located at the Head Tank; the first reaction tank will overflow by gravity into the second 

tank. The final treated water will discharge from the second reaction tank by gravity and 

flow into the Settling Tank or Ponds.      
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4.3 Settling Tanks or Ponds 

Phase one – “Pilot Plant” 

During this initial phase of operation the mine water will be treated at a flow rate of 250 

GPM.  The treated water will flow via a gravity pipeline into settling tanks. Natural 

settling will occur in about 40 to 45 minutes.  To insure sufficient settling time and 

volume for sludge collection Uranium One will procure two (2) 40 cubic yard roll off or 

Baker (Frac) tanks.  Which type of container has not been fully determined and will 

depend on the availability of these units.  

At the design flow rate of 250 GPM;  two (2) 40 Yd
3 
containers will give a total of 60 

minutes (+) of retention time.  The resulting sludge will be contained with the frac tank. 

The settled sludge will remain in the tanks and the treated water will be decanted off the 

top of the tanks for release into the natural drainage. 

Please refer to Lyntek drawing 08019-C-01 / 02 for the proposed location. 

 

Calculated retention time and sludge volumes are summarized below. 

 

Table 4.1 

Settling Tank Volumes for 250 GPM Circuit 

 

   

If the formed precipitate does not settle sufficiently within the Settling Tank, flocculent 

can be added to aid in the settling process. Flocculent has been included in the sludge 

volume calculation, although its use will probably not be required.  The trailer has 

sufficient space to add this additional reagent if deemed necessary. 

For 250 GPM System

Flow Rate 250 GPM 945 Liters/Min Volume of Baker tank

Time Req. 40 Minutes 20 CuYd = 540 CuFt

25 CuYd = 675 CuFt

10,000.0 Volume Required (Gallons) 30 CuYd = 810 CuFt

40 CuYd = 1080 CuFt

1,336.9 Volume Required (CuFt)

32.3 Minutes of retention / 40Yd3 container
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Table 4.2 

Sludge Volumes for 250 GPM circuit 

 

 

The total volume of sludge that will be produced during this phase of dewatering is 

difficult to project, as we do not know the volume of water contained within the mine.  

 

Phase two – “Permanent Plant” 

The treated water will discharges from the trailer and flow into a settling tank for 

collection of the precipitated sludge. The 12,000-gallon mix tank used in the “pilot plant” 

will replace the Frac tanks that had been to act as the collecting vessel for the produced 

sludge. The precipitate formed by the addition of barium chloride is an insoluble solid 

(sludge) that naturally settles and separates from the treated water.  The settling time 

required is 45 to 60 minute without settling aid (flocculent) to insure a low TDS outflow 

of treated water Lyntek is proposing to add flocculent to the treated water to assist in 

settling.  

 

Please refer to Lyntek drawing 08019-M-1 for the mixing / settling tank. 

 

 

 

For 250 GPM System

Grams of 

PPT per day

Design dose or 

concentration 

mg/L

40,824.0 30

136.1 10

- 5360

2

40,962 g/day of PPT 90.22485 #/day of PPT

35#/CuFt Wet Bulk Density

2.6 CuFt of Sludge Per day

Totals

Assumptions

TDS

All other Metals

Assume 90% Precipitation

Assume 90% Precipitation

Assume 10% Removal

Assume 90% Removal - for safety factor

Reagent or Metal

BaCl

TSS
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Table 4.3 

Settling Tank Volumes for 25 GPM Circuit 

 

 

Field test work and prior operating knowledge indicate the need for a minimum of 1 hour 

for quiescent settling. But as the flow will be constant into the tank this minimum time 

has been increased significantly to allow for settling during operations.   

 

4.3 Sludge Handling & Volumes  

The mine has a projected operating life of 6 to 10 years, for this report Lyntek has 

selected a 10 year operating life to calculate the projected volumes of sludge that will be 

produced. 

Table 4.4 

Sludge Volumes for 25 GPM Circuit 

 

 

During dewatering activities, the water treatment plant will likely operate 7 days per 

week, 24 hours per day. 

 

The sludge tank capacity has been sized assuming plant operation of 7 days per week 24 

hours per day. This is a much higher rate that the historical data indicates and should 

Settling Tank Units

2,185 CuFt

16,341 Gallons

653.6 Minutes

10.9 Hours

Operating Volume CuFt

Gallons

Retention Time @ 25GPM

Plant Operations 7 days/week

24 Hr/ operating day

364 Total days of sludge production/year

Sludge Produced

3,128.1 Total #'s of Sludge per year

71.1 CuFt/ Year

Sludge production life of mine

31,281.4 Total #'s of Sludge

710.9 Total CuFt of sludge storage
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result in a sufficient safety factor in the event of extended mine life or if additional 

treatment requirements are imposed.  The treatment plant will probably only operate 5 to 

6 days per week.  So the calculated volume reported above is potentially high.  

 

The mine has an anticipated life of 10 years of operation. The formed precipitate or 

sludge will have a bulk density of approximately 35 Lb./Cuft. (This is very conservative 

as the calculated bulk density is 38 to 44 Lb/Cuft.  Assuming 9.2 Lb./day of PPT, the 

volume of sludge generated over the life of the mine can be calculated as shown in Table 

4.4.  

 

The calculated Sludge volume of 710 Cuft should contained easily with in the tank and 

still allow for sufficient settling time. If the settling time remains sufficient, removal of 

sludge may not be required until the end of the mine life. However, if the sludge were to 

build up to the point where the retention time is too short, the sludge would need to be 

periodically removed and disposed of in accordance with applicable regulations. An 

inadequate retention time can be identified by a higher than normal TDS.  

 

As a tank is being used to collect the produced sludge, it will be easy to dispose of this 

sludge. A fitting will be installed in the base of the tank to allow for a vacuum truck 

hook-up when it becomes necessary to dispose of the sludge.  When disposal of sludge 

becomes necessary the treatment plant will be turned off the tank and sludge allowed to 

settle. Then the sludge will be removed to a level sufficient to allow for continued 

operations.  Then the treatment plant will be restarted.  This sludge disposal will be 

repeated as necessary. 

 

Please note that the attached drawings are conceptual at this time, the final design of the 

tanks, treatment plant and containment liner thickness and type will need to be approved 

by the state of Utah.  
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5.0       Environmental & Reagent Information  

The Velvet water treatment facility is proposed to be a fully self-contained within a 47-

foot semi trailer. At this time only one reagent will be used in the treatment system: 

Barium Chloride.  If the water chemistry changes and additional reagents are required 

sufficient space and tank age has been designed into the mobile facility.   The calculated 

chemical usage is show in table 5.1 below. 

 

5.1. Reagent Storage 

Barium chloride is supplied in dry powder form in 50# bags. The dry reagents will be 

technical grade and will be 98 to 100% strength. These reagents will be purchased in 

pallet quantities; typically pallets of reagents are supplied as 1000# net of chemical.  

Sufficient space is provided in the treatment trailer to store one (1) pallet of each reagent.  

Thus the maximum anticipated quantities of each reagent to be stored on site would be: 

 

Barium Chloride:   980#  (98% strength) 

Ferric Sulfate:    None at this time   

  

This will be sufficient dry bulk Barium Chloride for four to five months of operation and 

Ferric Sulfate for over two years of operation if required.    

 

Table 5.1 - Chemical Consumption for Water Treatment 

 

 

 

5.2 Reagent Mixing and Usage 

The reagent mix tanks have been sized to supply the design reagent dosing for a 9-day 

period. The Mix tanks are approximately 300 gallons each and will have the following 

solution strengths: 

Chemical or 

Reagent

Use Rate  

g/L Gram/day #/Day

#/ 5 day 

week #/Year Tons/ Year

BaCl 0.03 4,082.4 9.0 45.0 3,285.1 1.6

FeSO4 none at this time 0.0 0.0 0.0 0.0 0.0
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Barium Chloride: 0.026% (+/-) 

Ferric Sulfate:  0.004% (+/-)  (if Required) 

 

Both are very dilute solutions and present minimal health risk as a dilute solution. The 

dilute solution of each reagent will be pumped into the treatment line via a metering 

pump. The precipitation reaction will take place in the reactor tanks and the resulting 

precipitate will be collected in the Settling Tank or Pond.  

 

5.3 Additional Treatment and Contingency 

One of the Barium Chloride tanks can be converted to a Lime and or a FeSO4 mix tank in 

the event that it becomes necessary to adjust (raise) the pH or add additional iron to the 

water, to facilitate precipitation of other non-specified metals.  

 

Additionally, flocculent may be added to help settle the formed solids.  Neither of these 

reagents is anticipated for treatment of the water at this time.  This information is being 

provided in the event that the water chemistry changes.   

 

In the event that the treatment plant must be shut down for maintenance or repair, 

pumping of mine water can be stopped for many weeks and the water can remain within 

the mine until treatment operations can resume. 

 

5.4 Environmental & Operator Safety 

Materials Safety Data Sheets (MSDS) for Barium Chloride and those additional reagents 

that could be added, Lime and Flocculant, can be found in Appendix B. The appropriate 

personal protective equipment (PPE) for all these chemicals consists of rubber gloves, 

dust and acid vapor respirators, chemical splash goggles, and steel-toed boots. The work 

area should be kept well ventilated. A summary of the health and environmental effects 

of barium chloride and ferric sulfate follow.  
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I.  Barium Chloride 

Human Health Effects 

Barium Chloride is a water-soluble powder; it must be handled with appropriate 

personnel protective equipment (PPE). 

Route of Entry 

 Skin Contact:  May cause irritation 

 Eye:   May cause irritation 

 Inhalation:  Harmful if inhaled 

 Ingestion:  Harmful if ingested 

 Sensitization:  May cause allergic skin reaction 

 Carcinogenicity: Does not meet WHMIS criteria 

 Teratogenicity: Does not meet WHMIS criteria 

Mutagenicity:  Does not meet WHMIS criteria 

 Reproductive Toxicity: Does not meet WHMIS criteria 

 

(WHMIS – Workplace Hazardous Materials Information System) 

 

Environmental Health Effects 

This reagent is listed under CAS # 10361-37-2  

This material does not contain any hazardous air pollutants 

This material is not listed as a hazardous substance under TSCA  

This material has no reportable quantity  

This material is not listed as a hazardous substance under the Clean Water Act  

This material is not listed as a toxic substance under the Clean Water Act  

This material is not listed as a hazardous substance under CERCLA 

(TSCA – Toxic Substances Control Act, CERCLA – Comprehensive Environmental 

Response, Compensation and Liability Act) 

 

5.5 Disposal of Wastes 

Wastes from the materials packaging will be placed in the site’s roll-off container for 

solid wastes. Any chemical wastes from use of the reagents will be contained within the 
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trailer. If any spillage of dry chemicals occurs, the material will be swept-up and placed 

into a proper storage container for reuse.  Spillage of chemical solutions will be cleaned 

up with a water hose and directed toward a floor drain near the back of the trailer. The 

trailer is set up so the back of the trailer is slightly lower (i.e., ¼ to ½ inch lower) than the 

front to provide adequate drainage. A flexible plastic pipe connects the floor drain to a 

400-gallon storage tank located outside the trailer. Any solution that collects in the 

storage tank will be evaluated for reuse or proper disposal, as appropriate.  

 

The settled sludge will be stored in the Settling Tank or Tanks. The sludge will be 

removed and disposed of at the end of the mine life or sooner if retention time is 

compromised. The sludge will be sampled to determine its radium and uranium content 

and disposed of appropriately in accordance with TENORM regulations promulgated by 

the Utah Department of Public Health and Environment.  

 

A sludge sample from a similar treatment pond at a mine facility in Utah and had the 

sample analyzed for uranium and radium content. A Toxicity Characteristic Leach 

Procedure (TCLP) test was also performed to determine whether the sludge could be 

classified as a hazardous waste. The laboratory results are presented in Appendix C. The 

radium activity level and uranium content were found to be 2.1 pCi/g and 25.2 mg/kg 

(equivalent to 17.1 pCi/g), respectively. This sludge is essentially a very low-grade 

uranium ore. Under the Utah Department of Public Health and Environment’s 

(UDPHE’s) interim policy on TENORM, this material would be exempt from UDPHE 

regulation as its radium and uranium activity levels are less than 3 pCi/g and 30 pCi/g, 

respectively. The TCLP results were also negative for the eight Resource Conservation 

and Recovery Act (RCRA) metals. 

 

Uranium One will collect and analyze a sample of the tank sludge prior to making 

arrangements for it removal and disposal. Depending on the analytical results, the sludge 

may be disposed of by:  
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1. Pumping it out of the tank with a vacuum truck, mixing it with cement grout and 

then placing it in a mined out area of the underground workings.  

 

2.   Mixing it with ore and sending it to a uranium mill for processing.  

 

3.   Allowing it to dry and then disposing of it at an approved landfill.  

The sludge analytical results and disposal methods will be documented and reported to 

the appropriate regulatory agencies. 
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6.0    Chemicals and Materials Handling Plan 

The proposed water treatment facility will house all the reagents necessary for this 

operation. The trailer will act as the storage facility as well as the mixing and reagent 

usage location for this operation. 

 

The Barium Chloride used in this treatment process does not have any known toxic or 

acid-forming potential and does not cause any known environmental hazard in the 

quantities used and stored on site.   

 

All reagents will be stored and used within the trailer; a monthly inventory of reagents 

used and in storage will be maintained. 

 

During periods of inactivity, the trailer will be locked to prevent unauthorized entry or 

the potential of an environmental release of chemicals.  During periods of inactivity the 

treatment plant tanks will be drained and emptied for maintenance reasons and to prevent 

an uncontrolled release of chemicals or untreated water.  

 

The reaction tanks can be supplied with secondary containment, but at his time Lyntek 

feels this is not necessary.  

 

All handling and mixing of reagents will be performed by trained plant operators.  The 

operators will be provided with the necessary PPE and will be instructed on the proper 

handling, operating, cleanup, and reporting procedures for these reagents.  The operators 

will also be trained on potential chemical reactions and safety hazards. 

 

A detailed, site-specific chemical and material-handling plan will be prepared at the time 

of plant startup. This plan will include proper storage and handling methods for the 

various chemical products, inspection procedures and check lists, preventive maintenance 

requirements, personnel training, emergency response procedures in the event of a spill or 

release, and spill reporting requirements.   
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7.0    Monitoring Systems 

The Velvet Project is located in a relatively remote area; power lines exist to the site and 

will be the source of site power. Telephone service is via a satellite dish system. This 

situation is not conducive to establishing an electronic monitoring system that can alert 

off-site operators of upset conditions. The treatment plant trailer is, however, can be 

equipped with a Webmaster Status Indicator System. Once the site obtains more reliable 

telephone service, this system can be setup to provide status information to Uranium 

One’s on-site mine offices and/or the office in Moab. The system can provide emergency 

warnings via telephone and information on flow rates and which units are operating via 

the Internet or Cell phone service.  

 

Until such time that the Webmaster System can be operated effectively, Uranium One 

will have personnel on site when the water treatment system is operating so that any 

problems may be identified and fixed quickly. Operators will, at a minimum, check the 

treatment facilities at the start, mid-point, and end of each shift. 

 

Operators will be trained to inspect and identify potential problems associated with the: 

1. Pumping Systems 

2. Waterlines and Tanks 

3. Treatment Plant  

 

A daily checklist will be developed and used by the operators to ensure that the entire 

system is inspected thoroughly. Potential problems will be corrected by the plant operator 

or reported to management for follow-up if the situation cannot be corrected 

immediately. Monitoring of each of the three treatment system components is discussed 

below. 

 

7.1 Pumping Systems 

A level sensor will be installed in the Head Tank that will be interconnected electrically 

to the mine water pump so that the pump will automatically shut off if the water level 

reaches the preset maximum level. 
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The plant operator will be responsible for verifying that all pumps are operating at normal 

flow rates and that tank volumes are within normal operating ranges. Pumping rates and 

tank levels will be noted on the inspection checklist. Unusually high or low pumping 

rates will be investigated and corrected. Higher rates may be produced if bypass valves 

are closed. Plugging, cavitation, waterline leaks, or pump component failure could cause 

lower rates.  

 

7.2 Waterlines and Tanks 

Initial dewatering of the mine will be via a down-hole pump located at the Lower or 

lower vent shaft (the South vent).  It is anticipated that the down-hole pump once the pipe 

line is above ground will use flexible hose and a HDPE line to connect to the pilot plant 

mix tank and ultimately to the Permanent plant.  All the treatment and settling equipment 

will be located down gradient of the south vent near where the “old” collection ponds 

were located.  The line feeding the treatment facilities will be an above ground HDPE 

pipe.  This will be constructed of fused 6 to 8-inch, HDPE pipe. The pipe was pressure 

tested prior to continuous use.  The pipe will not be buried, as it will be in use for only a 

short period of time.  It will be inspected daily to ensure that there were no leaks. Please 

refer to 08019-C-02 for the proposed pipeline location. 

All lines within the trailer-mounted plant will be PVC pipe and will be supported on the 

walls of the trailer.     

A chain link fence is to be constructed around the tanks, ponds and treatment plant to 

prevent access by large wildlife and unauthorized personnel.   

 

The plant operators will be responsible for daily inspection of each of the tanks and the 

areas around the tanks. The inspection will include checking freeboard and looking for 

evidence of damaged liner, leaks, or erosion. The potential for leaks is generally small. 

Pipes, pipe connections, and overflow points will also be inspected to verify that there are 

no obstructions or damaged areas.    
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The plant operators will inspect sludge levels in the Settling Tank or Tanks to verify that 

there is adequate water storage capacity and the water is not being short-circuited directly 

to land disposal.   

 

7.3 Treatment Plant 

The degree of water treatment required during exploration and mining operations is 

expected to change over time. However, the water quality is expected to be relatively 

good during exploration thus requiring less addition of chemicals. As the operation 

transitions from exploration to mining, the volume of water is expected to decrease but 

levels of radium, uranium, and other trace metals may increase in the water due to 

recirculation of the water within the ore zone for drilling and other uses.  

 

Required water monitoring will be established by the state of Utah, at that time a 

monitoring and sampling plan will be implemented by Uranium One. 

 

When water samples are collected, field parameters (location, time, pH, temperature, 

conductivity, oxygen levels, etc.) will be recorded on a monitoring form. Field filtering 

and addition of preservatives will be performed in accordance with laboratory 

instructions. The water samples will be placed into a cooler and packed with ice for 

shipment to the laboratory. A completed chain-of-custody form will accompany each 

shipment.   

 

Additional sampling will also be needed to properly calibrate the treatment system and 

trouble shoot if problems develop. More frequent water quality monitoring will probably 

be needed at startup and during the transition phase from “Pilot Plant” to “Permanent 

plant” operations. Samples of untreated water, partially treated water, and treated water 

may be needed to determine the correct dosing levels and to make adjustments in 

treatment. Field measurements (e.g., pH, conductivity) and colorimetric analysis for 

selected constituents (e.g., iron, Zinc) may be helpful in adjusting the treatment system in 

the field. 
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Once the untreated water reaches a steady-state situation, dosing levels are expected to 

become more standardized and water quality monitoring for operating purposes may be 

needed less frequently.  

 

The plant operators will be responsible for ensuring that reagent tanks are full and 

operating properly. The reactor tanks will be inspected and cleaned as needed. The 

inspections will include recording flow rates, chemicals added, dosing rates, and 

remaining chemical inventory. The treatment trailer will be kept clean and any spillage of 

chemicals or solution will be cleaned up and containerized immediately.   
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Appendix B 

 

Material Safety Data Sheets 
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Legend: 

CAS # - Chemical Abstracts Service Registry Number 

CERCLA- Comprehensive Environmental Response, Compensation, and Liability Act 

CFR - Code of Federal Regulations 

DOT - Department of Transportation 

EPA - Environmental Protection Agency 

LC50 - The concentration of material in air expected to kill 50% of a group of test 

animals 

LD50 - Lethal Dose expected to kill 50% of a group of test animals 

MSHA - Mine Safety and Health Administration 

NIOSH - National Institute for Occupational Safety and Health 

PEL - Permissible Exposure Limit 

PVC - Polyvinyl chloride 

RCRA - Resource Conservation and Recovery Act 

SARA - Superfund Amendments and Reauthorization Act of the U.S. EPA 

STEL - Short Term Exposure Limit 

TDG - Transportation of Dangerous Goods Act/Regulations 

TLV - Threshold Limit Value 

TSCA - Toxic Substances Control Act 

TWA - Time-Weighted Average 
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Sludge Analysis and Testing 



    

Lyntek, Inc.     Page 65 

Project # 08019 Uranium One – Mine Water Treatment Report September 24, 2008 

 


	Header
	Water Treatment Report9-19-08 rev2 KES

