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1 INTRODUCTION 

Uranium One is proposing to construct and use evaporation ponds in lieu of Deep Disposal Wells 
(“DDWs”) for the Proposed Ludeman Project (Proposed Project) located in Converse County, 
Wyoming. The design of the evaporation ponds are based on NRC Regulatory Guide 3.11, 
“Design, Construction, and Inspection of Embankment Retention Systems at Uranium Recovery 
Facilities”, 10 CFR Part 40, Appendix A, Criterion 5(A), and the pertinent laws and regulations 
indicated therein. It should be noted that these regulations apply to 11e.(2) impoundments. 

1.1 Scope of Work 

Uranium One’s evaporation pond design scope of work includes: 
• Conducting a geotechnical field and laboratory test investigation of the proposed

evaporation area;
• Reviewing available data and regulatory requirements, and development of the project

design criteria;
• Conducting engineering analyses and design for the evaporation ponds, including

probabilistic water balance modeling, design of liner systems, design of leak collection and
recovery systems; and

• Development of conceptual drawing for the construction design based on a 9,000 gpm
production flow, using a two-pass reverse osmosis (“RO”) filtration system to minimize
waste generated from the site with restoration beginning in 2019.

2 GENERAL SITE CONDITIONS 

The proposed evaporation ponds are located in the northwest quarter of Section 13 in Township 
34N and Range 74W (Figure 1). The area of the evaporation ponds topography has a ridgeline 
across the center of the pond site in the east to west direction and slopes slightly too moderately 
downward to the south and north with an elevation difference of approximately 45 feet in the north 
direction and 50 feet in the southern direction. Vegetation on the proposed pond site consists of 
prairie grasses, cactus and sagebrush. 

Uranium One is proposing to use four evaporation ponds with a combined surface area of 
approximately 54 acres. In addition to the evaporation four ground water sweep (“GWS”) 
permeate ponds are proposed to the southeast of the satellite facility with a combined surface area 
of approximately 9 acres. All evaporation and GWS ponds will have a game fence to restrict 
access. 
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3 EVAPORATION AND GWS POND DESIGN AND OPERATION 

The life of mine schedule for the Ludeman Satellite assumes production from six mining units for 
the life of the satellite plant. The evaporation ponds were sized based on the anticipated flow rates 
over an 8 year operational life for the plant while taking into consideration the net average, natural 
evaporation rates. The anticipated life of mine schedule is shown in Figure 2. 

Evaporation rates in feet per year are multiplied by the surface area at a conservative estimate of 
1 foot storage depth (surface area and evaporation increase with depth). To achieve the proposed 
evaporation quantities all storage cells must be constructed prior to plant operations and operated 
to fill in parallel (no pond is empty, maximizing evaporation). There is the potential to construct 
the evaporation ponds in phases with two cells constructed in the first year 1 cell in the third year 
and fourth cell in year four; however, all cells would need to be in operation prior to year five of 
operations. The Evaporation ponds are designed to have a total storage volume of 306.1 acre feet. 

Production/Brine Evaporation Ponds  

The production/brine ponds receive a mixture of brine and production permeates that is generated 
by the RO system after the various stages of plant processing. A two-pass RO filtration system (90 
percent efficiency) is used to minimize waste generated from the plant. The plant experiences a 
peak flow of 8,877 gpm which occurs in December of Year 3. The peak flow results in peak 
production permeate and brine flow rates of 80 gpm, and 9 gpm respectively. Restoration begins 
in April of Year 4 and steadily escalates to a prolonged peak flow rate of 998 gpm which lasts 
from November of Year 5 through August Year 7. During the peak restoration cycle, brine flow 
rates are sustained at 106 gpm. Under preliminary design conditions, natural evaporation is 
assumed to be capable of evaporating 78.5 gpm per month on average based on conservative 
surface area exposure (1’ Storage) for all four ponds. A total of approximately 40.7 million gallons 
of evaporation is anticipated each year. Evaporation rates are expected to vary significantly based 
on seasonal conditions with a low of around 20 gpm expected in winter and a high of around 180 
gpm expected in summer.  

Results of iterative calculations indicate an optimal design depth of six feet for the 
production/brine evaporation ponds (balancing storage vs. evaporation vs. cost). Two of the four 
cells have a top of pond cell dimension of 848 feet long by 698 feet wide. The remaining cells 
were designed to fit within the space available on site and are dimensioned at 998 feet long by 698 
feet wide, and 848 feet long by 576 feet wide. The top surface area of the combined cells is 
approximately 54.3 acres. The design storage depth (not including freeboard) of each cell is less 
than 6 feet such that “dam” classification is avoided. The design provides 2 feet of freeboard to 
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protect against effects of extreme weather events (e.g. rainfall accumulation, wave run-up) and 
facilitates backup storage in the event of a cell failure or unforeseen circumstances. Freeboard 
calculations utilized for the proposed evaporation and groundwater sweep ponds were developed 
using the U.S. Army Corps of Engineers (ACOE) “Coastal Engineering Manual” (ACOE, 1989) 
was used to determine the design wave height. Supplementary ACOE references were also used 
(ACOE, 1984 and ACOE, 1997) to determine wave runup and wind tide effects.  

Interior embankment slopes are designed at a grade of 4H:1V with a maximum cell depth of 
approximately 7.3’ to 7.6’ (includes 2 feet freeboard, 4 feet of storage, and 1.3 feet to 1.6 feet of 
leak detection sump depth). Exterior embankment slopes are designed at a grade of 3H:1V. A 
summary of cell design parameters with respect to both cell depth and cell storage are provided in 
Table 1. Detailed pond grading features including dimensions and locations are shown in the 
drawing Figure 3 and Figure 4. Calculations for volume storage requirements are included in 
Attachment 1. 

The total volume of storage provided is 306.1 ac-ft, including freeboard, and the maximum storage 
volume required is 195.9 ac-ft. If a leak develops, adequate storage is available within the 
freeboard of the three remaining cells. The worst case scenario occurs when the four cells are at 
max storage and the largest pond develops a leak. The largest pond will storing 59.1 ac-ft. 
Wastewater would be pumped to the three remaining cells, resulting in a max storage depth of 7.2 
feet (0.42 feet freeboard). The reduced freeboard is assumed to be adequate given the short 
duration in which this would occur (<1 month to repair). Furthermore, the probability that a leak 
occurs during max storage conditions is low. In the event that the lack of freeboard is a concern, 
the restoration flow could be slowed to minimize the incoming flow until the liner could be 
repaired. 

Ground Water Sweep (GWS) Ponds 

Prior to well field restoration, ground water is pumped out of the ground to remove any treated 
water that may remain in the well field zone. Unlike production/brine, water removed in the ground 
water sweep (GWS) phase may be disposed via surface discharge. As a result, GWS ponds are 
designed to optimize storage rather than evaporation, resulting in deeper ponds and a reduced 
footprint. Natural evaporation is still accounted for in GWS storage volume calculations but is not 
expected to serve as the primary means of disposal.   

The GWS ponds are to be stationed southwest of the plant building. Four cells assembled in a 
rectangular layout make up an area with top dimensions of 260 ft x 392 ft each and depth of 10.5 
ft (including freeboard). The total volume of storage provided is 71.6 ac-ft, including freeboard, 
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and the maximum volume required is 53.4 ac-ft (10.5 ft storage depth, 2.0 ft freeboard) as shown 
in Table 2. The total surface area of the GWS ponds is approximately 9.23 acres. The design 
storage volume of each cell is less than 15 acre-feet such that “dam” classification is avoided.  

Interior embankment slopes are designed at a grade of 4H:1V with a total cell depth of 10.5’ 
(includes 2 feet freeboard and 0.5’ leak detection sump height). Exterior embankment slopes are 
designed at a grade of 3H:1V. GWS pond cells are equipped with the same leakage prevention 
system as that of the production/brine cells. The design depth provides for 2 feet of freeboard to 
provide rainfall storage and wave run-up protection. Leak detection sumps in each GWS cell adds 
an additional 0.5 feet of depth. A summary of cell design parameters with respect to both cell depth 
and cell storage are provided in Table 2. The GWS ponds are shown in Figure 4 with additional 
design information (e.g. dimensions, details, etc.) presented in Figure 3 as the evaporation ponds 
are consistent with the proposed design for the ground water sweep ponds as well. Calculations 
for volume storage requirements are included in Attachment 1. 

3.1 Liner System Design 

The proposed liner system for the evaporation ponds is a double liner system consisting of a 30-
mill PVC bottom liner which rests on 12oz geotextile fabric, a 60-mil HDPE top liner with a 200 
mill geo-net middle liner. A durable dual layered liner system has been incorporated into the pond 
cell design to minimize leakage potential. In addition to a double lined liner system, a leak recovery 
system has been integrated into the pond design. If a leak were to occur in the upper 60 mil HDPE 
liner the leak recovery system is designed to minimize the hydraulic head on the secondary liner. 
In the event that leakage occurs through the upper liner, the leakage will be collected in the leak 
recovery system and flow (via gravity) to a leak recovery system sump. Each evaporation pond 
will contain six leak detection sumps as shown in Figure 3. The use of six leak detection systems 
per cell will allow the operator to isolate which portion of the pond a potential leak would be 
located allowing for allowing for quicker and more effective repair efforts. The GWS Permeate 
Ponds leak detection system is consistent with the design shown in Figure 3 for the evaporations 
ponds with the exception that the GWS ponds will have four leak detection collection sumps per 
cell rather than six.  

Leak detection sumps add an additional 1.3 to 1.6 feet of depth dependent upon the dimensions 
and slope of the pond bottom. Storage volume associated with the leak detection sumps at the 
bottom of pond are conservatively assumed to be “inactive” and are not included in calculated 
storage volumes. If a leak develops, adequate storage is available within the freeboard of the three 
remaining cells. The worst case scenario occurs when the four cells are at max storage and the 
largest pond develops a leak. The largest pond would be storing 59.1 ac-ft. Wastewater would be 
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pumped to the three remaining cells, resulting in a max storage depth of 7.2 feet (0.42 feet 
freeboard). The reduced freeboard is assumed to be adequate given the short duration in which this 
would occur (<1 month to repair). Furthermore, the probability that a leak occurs during max 
storage conditions is low. In the event that the lack of freeboard is a concern, the restoration flow 
could be slowed to minimize the incoming flow until the liner could be repaired. 

A Chemical Resistance Chart listing the resistance of the high density polyethylene (“HDPE”) and 
poly vinyl chloride (“PVC”) liners to various chemicals at various concentrations and 
temperatures. The top liner of 60-mil HDPE was chosen for its long term performance and 
chemical resistance properties, resistance to ultraviolet radiation, high tensile strength, and high 
stress-crack resistance. The top liner will be exposed for the life of the project (approximately 8 to 
12 years), and is designed for long-term solar radiation exposure. A standard black HDPE liner 
material was selected for the increased heat retention to enhance evaporation. 

The secondary liner of 30-mil PVC was chosen for its long term performance and chemical 
resistance properties, and high tensile strength. As a secondary liner there will not be any exposure 
to solar radiation thus eliminating typical solar degradation issues associated with a PVC liner. 

3.2 Water Balance 

Flows generated are based on the use of a two-pass Reverse Osmosis (RO) System. Disposal of 
effluent and brine is to be completed with traditional evaporation ponds. Disposal of ground water 
sweep waste water is to be surface discharged. 

The life of mine schedule for the Satellite Plant assumes production from six mining units for the 
life of the plant as shown on Figure 2. The evaporation pond cells were sized based on the 
anticipated flow rates through the 8 year operational life of the plant while also taking into 
consideration the net average, natural evaporation rates. 

Natural evaporation rates for the project area were determined based on the Kohler-Nordenson-
Fox equation with an applied coefficient of 0.7. The equation calculates evaporation loss from a 
free-water surface due to the combination of radiation heat energy and aerodynamic removal of 
water vapor. The aerodynamic portion of the Kohler-Nordenson-Fox equation was derived using 
pan evaporation data collected by the National Oceanic and Atmospheric Administration (NOAA). 
Class A pan evaporation rates and their accompanying pan coefficients were analyzed by NOAA 
from 1956 – 1970, and net averages were calculated for regions throughout Wyoming. The net 
mean average evaporation rate was used to assume average climate conditions and account for 
rainfall (e.g. Net Mean Evaporation = Mean Evaporation – Mean Rainfall). Refer to Attachment 2 
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for the net mean evaporation rates calculated for each month. 

For natural evaporation, a pan coefficient of 0.7 has been found suitable for lakes in most portions 
of the United States. Pan coefficients typically increase for smaller water bodies, and decrease for 
arid climates. In addition, evaporation rates of solutions will decrease as solids and chemical 
concentrations increase indicating the need for water analysis. Wyoming pan coefficients typically 
lie in the range of 0.7 – 0.95 based on pond size. For conservative measure a pan coefficient of 
0.70 was assumed. Evaporation rates in feet per year are multiplied by the surface area at a 
conservative estimate of 1 foot storage depth (surface area and evaporation increase with depth). 
To achieve the proposed evaporation quantities all storage cells must be constructed prior to plant 
operations and operated to fill in parallel (no pond is empty, maximizing evaporation). Evaporation 
calculations indicate that the cells will fully empty in August of year 10. This is eighteen months 
after the restoration of the well fields is complete. 

3.3 Geotechnical Analysis 

A comprehensive geotechnical report was completed by Tetra Tech in November 2013. The 
geotechnical analysis includes soil boring information slope stability analysis and recommended 
practices for pond construction. Based on soil borings, excavated material consists primarily of 
sand and sandstone which is suitable for embankment backfill.  

Tetra Tech used slope stability software to analyze the post-construction condition of the slope 
embankments. The results of this analysis indicate pond slopes will be stable when built at 3H:1V 
slope using sandstone material found on site. Below is summary of the geotechnical analyses while 
the detailed Geotechnical Report can be found in Attachment 2.   

Settlement 

Based on the proposed construction and the subsurface profiles encountered within the exploratory 
borings settlement of the pond embankment foundation soils will be less than 1 inch. Based on the 
soil types encountered the majority of settlement will occur during construction. In addition, based 
on the liner system consisting of a double geomembrane and a 3 ft thick clay liner, the infiltration 
of water into the soils beneath the pond is highly unlikely, further reducing any potential for 
settlement.  

Hydrostatic Uplift Analysis 

Nine geotechnical exploratory borings were drilled within the proposed backup pond footprint to 
depths of approximately 15 feet to observe subsurface and groundwater conditions. Groundwater 
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was not encountered within any of the borings at the time of drilling and other factors that could 
contribute to fluctuations of groundwater levels were not identified. 

Slope Stability 

The maximum fill slope located near the southwest corner of the pond site was modeled for the 
slope stability analyses. The fill slope in this areas is on the order of 50 ft in height and is shown 
as cross section A of Figure 1 of the Geotechnical Report. The soil strength values used in eh 
analyses were estimated based on the soil type and experience with strengths of similar soil types. 
The shear strength parameters used in the analyses are presented on the slope stability figure 
attached in Appendix A of the Geotechnical Report. The post-construction model was the only one 
performed. Analyses for the partial pool and maximum pool with steady seepage models were not 
performed due to the triple linear construction and the low potential for any seepage or phreatic 
surface to develop. These analyses are typically conducted on external slopes which are low in 
height in comparison to the interior slopes for this project.  

Liquefaction 

There has been little, if any, reported damage from liquefaction in Wyoming. The earthquake or 
pseudo-static model for external slopes will not be performed due to the low seismic potential for 
the project area. 

The Geotechnical Engineering study for the Proposed Ludeman Satellite Plant and Evaporation 
Pond has been included as Attachment 3. 

4 POND CONSTRUCTION QUALITY CONTROL 

Uranium One will employ an Engineering Procurement Construction Management (EPCM) firm 
for initial construction of the project. The EPCM will integrate a Quality Control (QC) program 
for pond construction in accordance with guidance provided in Reg Guide 3.11 into its site wide 
QC program. The site wide QC requirements are embedded into the construction specifications 
that are developed as part of the final project engineering design package, but before pond 
construction begins. Prior to pond construction, Uranium One will notify NRC staff when the site 
wide QC program is available at the site for inspection. 

As part of the construction plans a licensed professional engineer will develop detailed 
specifications for excavation, embankment construction, subgrade preparation and liner 
placement. The plan will include testing techniques and frequencies to evaluate engineering 
properties of materials used in construction, compaction of earthen materials and seam integrity of 
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the installed liner. The Uranium One pond Quality Control (QC) plan will be integrated into the 
site wide QC construction plan and contain the following construction parameters: 

• A geotechnical or construction inspector will be on site during embankment construction.
• Appropriate fill material will be taken from an approved, designated borrow area free of

objectionable materials.
• Areas on which fill is to be placed will be scarified before its placement.
• The compaction requirements for the fill material will include the percent of maximum dry

density for the specified density standard, allowable range of moisture content, and
maximum loose lift thickness.

• Fill material will be compacted with appropriate compaction equipment such as a
sheepsfoot, rubber-tired, or vibratory roller. The number of required passes by the
compaction equipment over the fill material may vary with soil conditions.

• Fill material will contain sufficient moisture to allow the required degree of compaction to
be obtained with the equipment used.

• Field density tests will be performed regularly throughout the embankment construction.
Many factors influence the frequency and location of control tests. Typically, a routine
control test should be performed for every 764.5 to 2293.6 cubic meters (1,000 to 3,000
cubic yards) of compacted material or as directed by the geotechnical engineer.

• Proper subgrade preparation during construction will be performed for the installation of
the liner system. The site of the retention system will be cleared of all debris, vegetation,
and potential root systems. The surface will be graded so that it is smooth and free of
protruding rock particles. The soil will be moisture conditioned as required to prevent it
from drying out before the liner is put into use.

• To the extent possible, synthetic liner seams will run up and down and not across a slope.
They should not be located near the crest of a slope. Seams will be tested for integrity along
their entire length using methods recommended by the manufacturer. Seaming will be
performed only under the supervision of experienced personnel.

• Accepted construction standards and specifications for embankments, such as those
developed by the USDA Soil Conservation Service or the U.S. Army Corps of Engineers,
will be followed.

• Additional QC items will be added as determined through consultation between the pond
liner vendor and Uranium One’s EPCM to conform to site conditions.”
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5 OPERATIONAL INSPECTION PLANS 

Uranium One will conduct routine pond inspections. Inspection sheets and leak detection well 
monitoring results will be maintained on-site and submitted in annual reports to NRC and 
WDEQ/LQD. In the event of a confirmed loss of liner integrity, a phone or email notification to 
NRC will occur within 48 hours to be followed by a written report to the NRC within 30 days. 
This report will detail the suspected cause of the leak, estimated amount of leaked liquid, the 
chemical nature of the liquid, and mitigation efforts undertaken to recover any suspected byproduct 
water leaked. In addition, the report will provide methods to prevent a similar event in the future. 
The following four sections outline the routine pond inspection. 

5.1 Daily Inspections 

The inspections will include visual inspections of the piping, berms, diversion ditches, freeboard, 
and leak detection systems. The minimum freeboard will be determined during pond design. 
Following construction of the storage ponds, Uranium One will determine the baseline water 
quality in the standpipes connected to the leak detection system and also the height of fluid within 
the pipes. If during the daily inspections a fluid height in any of the standpipes for the pond leak 
detection system is found to be in excess of six vertical inches greater than the baseline level, then 
will collect a sample of the fluid for analysis of specific conductance. If the specific conductance 
of the fluid in the leak detection system exceeds the baseline standpipe water quality by greater 
than 50 percent, then Uranium One will conclude that a leak has occurred in the pond’s primary 
liner and will perform mitigative and corrective actions. 

5.2 Weekly Inspections 

Weekly inspections will consist of checking the pond depth and visually inspecting the pond 
embankments for slumping, movement, or seepage. The pond depth measurements will be checked 
against the freeboard requirements. The liner system will be visually inspected to identify any 
damage. The perimeter game-proof fence, restricted area signs, and pond inlet piping will be 
checked. 

The Director of Safety, Health, and Environment (SHE), and the Mine Manager, will review the 
inspection report. Routine weekly inspections reports will be maintained on-site by the Radiation 
Safety Officer (RSO) for NRC staff to review during routine site inspections. 
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5.3 Quarterly Inspections 

Results of the quarterly inspections will be included in the quarterly report submitted to the NRC. 
Water levels at the wells in the leak detection network will be monitored quarterly. Should water 
levels rise in the wells or water appears in a previously dry well, Uranium One will begin an 
investigation. The investigation will evaluate whether or not the increased water levels are 
attributed to natural infiltration of surface water or infiltration of fluids from the pond. If the source 
of the water is attributed to pond leakage, then Uranium One will perform immediate corrective 
action to eliminate the leak and any appropriate remedial actions including characterization of 
impacts to shallow soils. 

5.4 Annual Technical Inspection 

Annual inspections will include a review of the previous year’s daily, weekly, and quarterly 
inspections, assessment of the hydraulic and hydrologic capacities, and a survey of the 
embankment by qualified personnel. Uranium One will submit a copy of the report to the NRC for 
review. 

5.5 Corrective Action Procedures 

The corrective actions include notifying the NRC Project Manager by telephone or email within 
48 hours and lowering the water level in the storage ponds sufficiently to eliminate the leak. 
Uranium One commits to completing corrective actions within 60 days, during which time 
Uranium One will not use the pond to store byproduct material until qualified personnel inspect 
the repaired liner. Uranium One will submit a report to the NRC and the WDEQ upon completion 
of the corrective actions, including documentation of all pond repairs. Uranium One will maintain 
routine daily inspections reports on-site for NRC or WDEQ staff to review during routine site 
inspections. 

5.6 References 

Engineer Manual 1110-2-1414, “Water Levels and Wave Heights for Coastal Engineering”, U.S. 
Army Corps of Engineers Service, Washington, DC, July 1989. 

Shore Protection Manual, Vol.II U.S. Army Corps of Engineers Service, Vicksburg, Mississippi – 
1984 

Engineer Manual 1110-2-1420, “Hydrologic Engineering Requirements for Reservoirs”, U.S. 
Army Corps of Engineers Service, Washington, DC, October 1997. 
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Table 1: Production / Brine Storage Height and Volume Summary. 

Cell 
Cell Dimensions 

 (L x W x H) 
Freeboard 

Depth/Vol. (cy) 
Storage Depth / 

Vol. (cy) 
Inactive Depth / 

Vol.  (cy) 

Cell PR-1 998’ x 698’ x 6’ 
2.00’ / 50,576 

 (31.3 acre-feet) 
4.00’ / 95,314  

(59.1 acre-feet) 
1.63’ / 1902 

 (1.2 acre-feet) 

Cell PR-2 848’ x 576’ x 6’ 
2.00’ / 35,318 

 (21.9 acre-feet) 
4.00’ / 65,765  

(40.8 acre-feet) 
1.32’ / 1147 

 (0.7 acre-feet) 

Cell PR-3 848’ x 698’ x 6’ 
2.00’ / 42,909 

 (26.6 acre-feet) 
4.00’ / 80,514 

 (49.9 acre-feet) 
1.63’ / 1739 

 (1.1 acre-feet) 

Cell PR-4 848’ x 698’ x 6’ 
2.00’ / 42,909 

 (26.6 acre-feet) 
4.00’ / 80,514  

(49.9 acre-feet) 
1.63’ / 1739 

(1.1 acre-feet) 

Total Storage 
171,712  

 (106.4 acre-feet) 
322,107 

(199.7 acre-feet) 
6,527 

(4.1 acre-feet) 
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Table 2: GWS Storage Height and Volume Summary. 

Cell 
Cell Dimensions 

(L x W x H) 
Freeboard 

Depth/Vol. (cy) 
Storage Depth / 

Vol. (cy) 
Freeboard 

Depth/Vol. (cy) 

Cell GW-1 392’ x 260’ x 10’ 
2.00’ / 7,087 

 (4.4 acre-feet) 
8.00’ / 21,623  

(13.4 acre-feet) 
0.45’ / 312 

(0.2 acre-feet) 

Cell GW-2 392’ x 260’ x 10’ 
2.00’ / 7,087 

 (4.4 acre-feet) 
8.00’ / 21,623  

(13.4 acre-feet) 
0.45’ / 312 

 (0.2 acre-feet) 

Cell GW-3 392’ x 260’ x 10’ 
2.00’ / 7,087 

(4.4 acre-feet) 
8.00’ / 21,623  

(13.4 acre-feet) 
0.45’ / 312 

 (0.2 acre-feet) 

Cell GW-4 392’ x 260’ x 10’ 
2.00’ / 7,087 

 (4.4 acre-feet) 
8.00’ / 21,623  

(13.4 acre-feet) 
0.45’ / 312 

(0.2 acre-feet) 

Total Storage 
28,348 

 (17.6 acre-feet) 
86,492 

 (53.6 acre-feet) 
1,248 

 (0.8 acre-feet) 
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Evaporation/GWS Pond Volume Storage Calculations 
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Production/Brine 
Pond Volume Calculations  Ludeman 

ISR Project ‐ Uranium One 

Depth, ft 6 Volume (total), ac-ft 76.52 Number of Cells 4
Slope, __H:1V 4 Volume (minus freeboard), ac-ft 49.91 Volume (total), ac-ft 306.10

Bottom Width, ft 800 Pond Bottom Area, ac 11.94 Volume (minus freeboard), ac-ft 199.65
Bottom Length, ft 650 Pond Surface Area, ac 13.03 Pond Bottom Area, ac 47.75
Storage Depth, ft 4.00 Pond Top Area, ac 13.59 *Evap Surface Area, ac 48.82
Freeboard Factor 18 Pond Top Area, ac 54.35

Cells are Input.

Depth Surface Area Incr. Storage Total Cell Storage Depth Surface Area Incr. Storage Total Pond Storage
(ft) ft2 ft3 NA (ft) ft2 ft3 ft3

0.00 520,000 0 0 0.0 2,080,000 0 0
0.33 523,835 172,233 172,233 0.3 2,095,340 688,931 688,931
0.67 527,801 178,778 351,011 0.7 2,111,203 715,112 1,404,043
1.00 531,664 174,812 525,823 1.0 2,126,656 699,247 2,103,290
1.33 535,541 176,089 701,911 1.3 2,142,165 704,355 2,807,646
1.67 539,550 182,766 884,677 1.7 2,158,202 731,062 3,538,708
2.00 543,456 178,696 1,063,373 2.0 2,173,824 714,784 4,253,492
2.33 547,375 179,987 1,243,360 2.3 2,189,502 719,949 4,973,441
2.67 551,428 186,797 1,430,157 2.7 2,205,713 747,187 5,720,627
3.00 555,376 182,623 1,612,780 3.0 2,221,504 730,491 6,451,118
3.33 559,338 183,928 1,796,707 3.3 2,237,351 735,711 7,186,829
3.67 563,434 190,871 1,987,579 3.7 2,253,736 763,485 7,950,314
4.00 567,424 186,592 2,174,170 4.0 2,269,696 746,366 8,696,680
4.33 571,428 187,911 2,362,081 4.3 2,285,712 751,642 9,448,323
4.67 575,568 194,989 2,557,070 4.7 2,302,271 779,957 10,228,280
5.00 579,600 190,603 2,747,673 5.0 2,318,400 762,411 10,990,690
5.33 583,646 191,936 2,939,608 5.3 2,334,585 767,742 11,758,433
5.67 587,830 199,151 3,138,759 5.7 2,351,318 796,603 12,555,036
6.00 591,904 194,656 3,333,415 6.0 2,367,616 778,624 13,333,660
4.0 567,424 186,592 2,174,170 4.0 2,269,696 746,366 8,696,680

STORAGE SUMMARY

Storage (AC‐FT) Month

196 Feb‐24

*Evaporation surface area is assumed at 1' storage depth. 

561,602 

(0.25% SLOPE) (0.25% SLOPE)
520,000 NA

DEPTH VARIES 

BASED ON POND 

SLOPE AND POND 

DIMENSIONS

2,080,000  NA
140,401 

Cell Storage Pond Storage (all cells)
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Description: Spreadsheet calculates inflow, evaporation and storage on a monthly basis  in order to deterrmine the required number and size of evaporation 
pond cells. It is assumed that ponds fill in parallel (i.e. brine is at the same depth in all ponds.) Evaporation rates are calculated on the assumption that all 
ponds are constructed before plant begins operations and fill in parallel (i.e. at the same time). Storage at the bottom of pond (leak detection quadrants) is 
assumed to be inactive.
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GWS Pond Volume Calculations 

Ludeman ISR Project ‐ Uranium One 

Depth, ft 10 Volume (total), ac-ft 17.90 Number of Cells 4
Slope, __H:1V 4 Volume (minus freeboard), ac-ft 13.46 Volume (total), ac-ft 71.60

Bottom Width, ft 180 Pond Bottom Area, ac 1.29 Volume (minus freeboard), ac-ft 53.83
Bottom Length, ft 312 Pond Surface Area, ac 2.11 Pond Bottom Area, ac 5.16
Storage Depth, ft 8.00 Pond Top Area, ac 2.34 *Evaporation Surface Area, ac 8.42
Freeboard Factor 20 Pond Top Area, ac 9.36

Cells are Input.

Depth Surface Area Incr. Storage Total Cell Storage Depth Surface Area Incr. Storage Total Pond Storage
(ft) ft2 ft3 ft3 (ft) ft2 ft3 ft3

0.00 56,160 0 0 0.0 224,640 0 0
0.50 58,144 28,576 28,576 0.5 232,576 114,304 114,304
1.00 60,160 29,576 58,152 1.0 240,640 118,304 232,608
1.50 62,208 30,592 88,744 1.5 248,832 122,368 354,976
2.00 64,288 31,624 120,368 2.0 257,152 126,496 481,472
2.50 66,400 32,672 153,040 2.5 265,600 130,688 612,160
3.00 68,544 33,736 186,776 3.0 274,176 134,944 747,104
3.50 70,720 34,816 221,592 3.5 282,880 139,264 886,368
4.00 72,928 35,912 257,504 4.0 291,712 143,648 1,030,016
4.50 75,168 37,024 294,528 4.5 300,672 148,096 1,178,112
5.00 77,440 38,152 332,680 5.0 309,760 152,608 1,330,720
5.50 79,744 39,296 371,976 5.5 318,976 157,184 1,487,904
6.00 82,080 40,456 412,432 6.0 328,320 161,824 1,649,728
6.50 84,448 41,632 454,064 6.5 337,792 166,528 1,816,256
7.00 86,848 42,824 496,888 7.0 347,392 171,296 1,987,552
7.50 89,280 44,032 540,920 7.5 357,120 176,128 2,163,680
8.00 91,744 45,256 586,176 8.0 366,976 181,024 2,344,704
8.50 94,240 46,496 632,672 8.5 376,960 185,984 2,530,688
9.00 96,768 47,752 680,424 9.0 387,072 191,008 2,721,696
9.50 99,328 49,024 729,448 9.5 397,312 196,096 2,917,792

10.00 101,920 50,312 779,760 10.0 407,680 201,248 3,119,040
8.0 91,744 45,256 586,176 8.0 366,976 181,024 2,344,704

Storage (AC‐FT) Month

53 May‐23

*Evaporation surface area is assumed at 8' storage depth.
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Description: Spreadsheet calculates inflow, evaporation and storage on a monthly basis  in order to deterrmine the required number and size of evaporation 
pond cells. It is assumed that ponds fill in parallel (i.e. brine is at the same depth in all ponds.) Evaporation rates are calculated on the assumption that all ponds 
are constructed before plant begins operations and fill in parallel (i.e. at the same time). Storage at the bottom of pond (leak detection quadrants) is assumed to 
be inactive.
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Ludeman Project 
TR RAI Response Package: Round 2 

Natural Evaporation Rates (Monthly Averages)  
Location  JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Annual 
Casper Mean 0.7 0.8 1.1 1.7 2.1 4.6 6.1 5.9 3.7 2.2 1.0 0.8 30.9 

SD 0.6 0.5 0.9 1.2 1.8 1.6 1.1 1.1 1.4 1.0 0.6 0.4 4.5 
High 1.7 1.9 2.5 3.7 5.8 8.1 8.3 8.0 5.2 3.7 2.2 1.8 38.3 
Low -0.8 -0.1 -1.2 -1.3 -2.6 1.1 3.8 2.2 -0.2 -0.2 -0.7 -0.4 20.6 

Cheyenne Mean 1.2 1.5 1.7 2.3 2.6 4.0 5.0 4.8 3.6 2.6 1.5 1.4 32.0 
SD 0.9 0.7 1.1 1.5 1.8 1.9 1.6 1.2 1.4 1.2 0.8 0.5 6.3 
High 2.5 305 3.8 4.2 6.4 6.9 7.9 7.8 5.6 4.0 3.6 2.4 43.3 
Low -1.7 -0.1 -0.6 -1.2 -2.4 -0.6 1.1 2.9 -1.1 -0.8 -1.2 0.2 18.7 

Lander Mean 0.2 0.5 1.0 1.1 2.3 4.8 6.9 6.1 3.2 1.2 0.3 0.3 28.1 
SD 0.6 0.7 1.1 1.8 2.1 2.2 1.0 1.1 1.6 1.4 0.8 0.5 5.7 
High 1.1 1.8 3.0 4.3 5.8 8.3 8.5 7.7 5.3 2.9 1.9 1.1 41.3 
Low -1.5 -1.4 -1.6 -3.0 -2.8 -1.9 5.0 2.6 -1.5 -1.8 -1.5 -0.9 12.2 

Sheridan Mean 0.1 0.4 0.9 1.5 2.1 2.6 6.2 5.3 2.6 1.5 0.4 0.3 23.7 
SD 0.5 0.4 0.7 1.4 1.9 2.6 1.4 1.3 1.4 1.2 0.6 0.5 4.4 
High 1.3 1.4 2.1 4.2 6.5 6.9 8.0 7.5 4.7 3.3 2.1 1.9 34.7 
Low -1.0 -0.5 -1.2 -1.9 -3.1 -4.1 2.3 1.1 -0.5 -1.2 -1.4 -0.9 14.4 

Rock Springs Mean 0.8 1.1 1.9 2.7 3.8 5.5 7.1 6.1 4.3 2.6 1.2 0.7 37.7 
SD 0.5 0.6 0.7 1.1 1.4 1.9 1.0 1.2 1.3 1.2 0.8 0.5 6.6 
High 1.7 2.6 3.4 5.1 5.7 9.4 9.1 8.1 6.1 4.8 6.0 1.7 51.1 
Low 0.7 0.0 0.6 0.7 0.6 0.6 3.9 3.3 0.3 0.2 0.0 -0.3 21.0 

Pathfinder Reservoir Mean 0.6 0.7 1.5 2.2 3.5 5.1 6.8 6.0 3.7 1.7 0.9 0.6 33.3 
SD 0.4 0.5 0.7 1.1 1.6 1.7 0.9 1.1 1.2 1.1 0.4 0.3 4.0 
High 1.0 1.7 2.6 4.5 5.9 8.3 8.4 7.8 5.3 3.1 1.9 1.1 39.9 
Low -0.9 -0.2 -0.2 0.5 0.1 1.1 5.0 2.4 1.0 -0.8 -0.2 -0.4 19.8 

Whalen Dam Mean 1.3 1.5 1.9 2.0 2.5 3.9 5.9 5.9 3.7 2.9 1.7 1.3 34.8 
SD 0.4 0.6 1.0 1.2 2.1 2.2 1.5 1.1 1.6 1.1 0.5 0.5 5.5 
High 2.0 2.8 3.5 4.0 6.3 7.7 8.5 8.0 5.6 4.4 2.6 2.2 45.3 
Low 0.4 0.6 -0.4 -0.2 -3.7 -0.9 2.6 3.5 -1.1 0.1 0.8 0.2 21.6 

Note: Means, standard deviations, and high and low net evaporation (in inches) from estimates using the Kohler-Nordenson-Fox equation with a coefficient of 0.7 for evaporation 
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