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INTRODUCTION  

The Wyoming Water Development Commission selected the consulting team of AVI Professional 
Corporation (AVI), IMEG (formerly TTG Inc.) of Denver and Hinckley Consulting (HC) to study a water 
supply and water Quality issues for the Town of Lusk in Niobrara County.  AVI was the prime 
consultant providing project management oversight, project coordination, and surveying services.  
AVI was also responsible for the following tasks: meetings, review of existing information, evaluation 
of system operations, water demand and population forecasts, water system financing/rate study, 
prioritization of recommendations, cost estimates, and final report preparation.  IMEG was the lead 
in water treatment options, water jar test, and treatment cost estimates. HC was responsible for, 
water source analysis, surrounding area well testing and EPA coordination HC also provided water 
quality information.  All three (3) firms coordinated with development of cost estimates, 
recommendations and preparation of the final report. 

PROJECT BACKGROUND, PURPOSE AND PRIMARY CONCLUSION 

In 2014, the Town of Lusk received several Notices of Violation an Administrative Order from the US 
EPA for apparent exceedances of drinking water standards for the adjusted gross alpha (GAA).   In 
response, two of the town’s four supply wells (Nos. 9 and 10) were dropped from service.  The 
Wyoming Water Development Commission subsequently selected the consulting team of AVI 
Professional Corporation (AVI), IMEG (formerly TTG Inc.) of Denver and Hinckley Consulting (HC) to 
study  water supply and water quality issues for the Town of Lusk, with the objective of bringing the 
town into consistent, long-term compliance with EPA Public Water Supply regulation, thus to ensure 
the future health and safety of the municipal water supply, and to do so in the most cost-effective 
manner possible.  This project included detailed assessment of the water-quality and the water-
quality analyses from the wells of interest and included reconnaissance-level evaluation of water-
supply and treatment alternatives.  Details, extensive data, cost estimates and complete references 
are provided in the full report - “Town of Lusk Water Supply - Level II Study”.  A short summary of 
the most significant data and analysis is presented here 

The primary conclusion of this project is that a substantial underestimation of uranium radioactivity 
was the source of apparent exceedances of the EPA Maximum Contaminant Level (MCL) for 
adjusted gross alpha activity.   The AVI Team found no reason for immediate changes to the Town 
of Lusk municipal water supply facilities or operations.  Well Nos. 9 and 10 can be restored to 
service. EPA compliance issues have been resolved without operational changes or additional 
construction.   

The present four-well system is more than capable of meeting average and peak demands over a 
reasonable planning horizon and, based on all available water-quality data, is and always has been 
in full compliance with EPA water-quality standards.  Routine water-quality monitoring should 
continue at the EPA-directed sampling frequency 
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LUSK WATER SUPPLY SUMMARY 

Figure ES-1 shows the basic layout of the Town of Lusk municipal water supply.  The “eastside” wells 
(Nos. 8, 9, and 10) share a common pipeline, i.e., the point of entry to the municipal system is 
“downstream” of these three wells, on the east side of town.  The point of entry for Well No. 1 is 
independent of the eastside wells, i.e., it is on the west side of the municipal service area.  Lusk Well 
No. 7 was abandoned years ago, but that location serves as the combined EPA compliance point for 
the three eastside wells which are the subject of this project. 

The Town of Lusk maintains approximately 1,060,000 gallons of storage capacity, in three tanks. This 
is adequate to meet instantaneous peaks in demand and to provide recommended fire flow.  Thus, 
the wells are only called upon to meet peak-day demands.  Peak historical water use occurred in 
July 2013, with total pumping of 25.2 million gallons (565 gpm).  The lowest monthly use also 
occurred in 2013, with total pumping of 4.6 million gallons (114 gpm) in February.  

 
Figure 1-Location Map 

RADIOACTIVITY IN GROUNDWATER 

Along its complex flow pathways, groundwater dissolves minerals from the rock materials it 
encounters.  The distribution, characteristics, concentrations, and solubility of the various minerals 
determine the chemical makeup of the groundwater wells produce from the Arikaree Formation.  
Mineral solubilities are a function of groundwater temperature, salinity, pH, and dissolved oxygen 
content, among other factors, as are solution and precipitation processes throughout the aquifer.  

Naturally-occurring radioactivity is largely a function of two (2) “parent” elements – uranium (U) and 
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thorium (Th).  The isotopes of these elements create a series of “daughter” isotopes through 
radioactive decay that, in many cases, includes emission of alpha radiation.  Some isotopes are 
vastly more radioactive than others.  For example, a given mass of U-234 will generate 20,000 times 
more alpha radiation that the same mass of U-238. 

The MCL for “gross alpha - adjusted” (GAA) is 15 “pico-Curies per liter (pCi/L), enforced on the basis 
of a 4-Quarter Running Annual Average (RAA).  The laboratory measurement of “gross alpha” 
counts alpha activity from all sources originating within the solid (i.e., evaporative residue) sample.  
This activity can be produced by any alpha emitter. The “adjustment” is a subtraction from the 
measured gross alpha activity of that portion of the total activity that is due to uranium.  The 
uranium contribution of alpha activity, with which to make this subtraction, can be established in 
two ways: 1) by measuring the total mass of uranium (e.g. by Method E200.8) and applying a factor 
of 0.67 to convert the mass in μg/l to activity in pCi/L, under the assumption that the uranium 
present in the groundwater has the same, “equilibrium”, isotopic distribution as natural uranium in 
the ground; and 2) by directly measuring the uranium activity (e.g. by Method E908 or A7500-U-C).  
The former approach is substantially less expensive and is the common “default” for many labs. 

If all isotopes of uranium were carried into groundwater in direct proportion to their presence in the 
rock of an aquifer, the standard mass conversion factor would be correct for groundwater uranium.  
However, equilibrium among uranium isotopes may not be carried into groundwater.   Instead, 
natural groundwater is commonly enriched in U-234.  Thus, more radioactivity is generated for the 
same amount (mass) of total uranium present.  The 0.67 factor represents a minimum conversion 
factor, described as “conservative” by EPA because it “is based on the 1:1 activity ratio of U-234 to 
U-238 that is characteristic of naturally-occurring uranium in rock.” 

Because the occurrence of uranium in groundwater is a complex function of the specific geologic 
and geochemical environment and the length of time the water has been in the ground, mass-to-
activity conversion factors are site specific and may vary somewhat over time. In natural aquifers, 
conversion factors range from 0.67 to 1.5, reflecting the excess alpha-particle activity from uranium-
234 in the water, in contrast to the expected activity if only its rock abundance were preserved.   

LUSK GROUNDWATER QUALITY 

All of the Town of Lusk wells produce from the Tertiary-age Arikaree Formation.   The Arikaree is a 
complex stack of sediments, including sandstone, siltstone, and mudstone in discontinuous layers of 
limited local extent.  Despite their close proximity, the Lusk supply wells similarly vary widely in 
depth and completion design, as each has been constructed to maximize water production while 
limiting sediment production. 

Prior to this study, all analyses of GAA for the Town of Lusk were provided using the mass-to-
activity conversion approach (i.e., a standard factor of 0.67 pCi per ugm).  The results of 2017 
sampling under this project (see Table 1) show the error in this laboratory method in this case.  
(Select isotopes of polonium, radon, and thorium were sampled in 2016.)  Based on quarterly 
sampling through 2017 for this project, Well No. 8 had an average conversion factor of 1.32, No. 9 
was 1.30, and No. 10 was 1.32.  Thus, the uranium activity was substantially under-estimated for all 
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previous samples.  Because the uranium activity is subtracted from the measured gross alpha to 
establish the GAA value subject to EPA regulation, the reported GAA for all previous samples was 
substantially over-stated, incorrectly indicating exceedance of the MCL and triggering the EPA 
Notices of Violation and the Administrative Order.   

Table 1-Town of Lusk Municipal Wells, Isotopic Uranium 

  Collection Uranium  
Gross 
Alpha Ra-226 Ra-224 U-234 U-235 U-238 Total U GAA 

U-234:U-
238 

uranium mass-
to-activity 

  Date 
Mass 
(μg/L) pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L 

activity 
ratio 

conversion 
(pCi/L per 

μg/L) 

  2/14/2017 22 25.2 0.1 
 

19.1 0.4 6.9 26.4 0* 2.77 1.20 

  5/16/2017 24 27.1 0.03 
 

20 0.3 7 27.3 0* 2.86 1.14 

Lusk #8 8/14/2017 23.5 34.4 0.2 
 

19.2 0.5 6.3 26 8.4 3.05 1.11 

  
11/29/201

7 22 26.1 0.08   17.8 0.2 7.1 25.1 1 2.51 1.14 

  average 22.9 28.2 0.1   19.0 0.4 6.8 26.2 4.7 2.79 1.15 

  
           

  

  2/7/2017 28 28 0.2 1.4 27.1 0.3 9.3 36.7 0* 2.91 1.31 

  5/16/2017 29 32.9 0.09 
 

28 0.7 9.4 38.1 0* 2.98 1.31 

Lusk #9 8/29/2017 26.1 33.4 0.2 
 

24.4 0.4 7.3 32.1 1.3 3.34 1.23 

  
11/28/201

7 26 38.1 0.3   26.1 0.7 8.4 35.1 3 3.11 1.35 

  average 27.3 33.1 0.20 1.4 26.4 0.5 8.6 35.5 2.15 3.09 1.30 

  
           

  

  2/7/2017 25 25 0.1 0.4 25 0.3 8.3 33.6 0* 3.01 1.34 

  5/16/2017 27 35.8 0.07 
 

22.9 0.4 8.2 31.5 4.3 2.79 1.17 
Lusk 
#10 8/29/2017 25.6 28.3 0.2 

 
25.7 0.3 8.7 34.7 0* 2.95 1.36 

  
11/28/201

7 22 30.2 0.2   22.9 0.4 7.7 31.0 0* 2.97 1.41 

  average 24.9 29.825 0.14 0.4 24.1 0.4 8.2 32.7 4.3 2.93 1.32 

  
           

  
Methods - gross alpha (E903.3); uranium mass (200.8), Ra-226 (903.0); Ra-224 (by subtraction of Ra-226 "quick count" from total Ra); U-234 (A7500-UC); 
U-235 (A7500-UC); U-238 (A7500-UC). 
* - The sum of individual isotope activities exceeds the “gross alpha” value.  This is likely due to the wide confidence intervals for each measurement and 
a host of measurement/calibration/sample preparation/holding time issues.  See Arndt (2010) for extensive discussion. 

For example, for Lusk Well No. 9, the reported 2014 RAA was: 

 gross alpha (unadjusted)  - 34 pCi/L 

 uranium (mass) - 27 ug/L;  estimated alpha activity = 18 pCi/L 

 GAA = gross alpha - uranium alpha = 16 pCi/L, which is over the MCL 

Applying the correct mass-to-activity conversion factor documented by the 2017 sampling, the 
2014 reporting for Well No. 9 should have been: 

 gross alpha (unadjusted)  - 34 pCi/L 

 uranium (mass) - 27 ug/L;  estimated alpha activity = 34 pCi/L 

 GAA = gross alpha - uranium alpha = 0 pCi/L 
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Laboratory isotopic analysis for uranium alpha activity is critical for any drinking water system with 
apparent GAA violations using the less-expensive mass-to-activity conversion approach.  Presented 
with the results of this study and the 2017 sampling of Lusk Well Nos. 8, 9, and 10, the US EPA 
informed the town on January 28, 1018 that the Administrative Order has been closed, that "EPA has 
determined that the requirements of the Order have been completed."  On January 11, 2018 the 
town was instructed to reduce the sampling frequency from quarterly to once every three years for 
the common sampling point for Well Nos. 8, 9 and 10. 

Figure ES-2 presents the results of gross alpha sampling (not adjusted) from thirty-five (35) wells 
within three (3) miles of the existing Town of Lusk municipal water supply infrastructure (wells and 
pipelines) conducted in August 2016.  (This distance was selected as a rough estimate of the 
distance from which it might be economically feasible to develop additional wells to supplement the 
Town of Lusk supply.)  For the Lusk municipal wells, for which there are multiple analyses, the range 
in values is plotted on the figure.  The value for Well No. 3 is from a 2014 sample taken in 
association with the Lusk Master Plan (AVI, 2014).  

 
Figure 2-Area-Wide Sampling Locations with Gross Alpha (pCi/L) 
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The AVI Team has identified no geographic pattern to this occurrence of alpha activity.  Values 
above the average (16 pCi/L) were found north, south, east, and west of the Town of Lusk, without 
obvious pattern.  The values from Well No. 10 range higher than those of either Well No. 8 to the 
west or No. 9 to the east, despite its location directly between those two companion wells.    Wells 
along the Niobrara River, selected to investigate whether “clean” recharge from stream infiltration 
may reduce radioactivity produced values from 7.4 to 38.5 pCi/L (gross alpha). 

The most favorable result from this sampling is that when adjusted for estimated uranium 
radioactivity, the highest value for GAA is only 1.96 pCi/L.   The MCL for uranium mass (30 ug/L) is 
more likely to present a constraint on development for municipal supply, but only two wells exceed 
that MCL and the average (16 mg/L) is well within the standard.  There is clearly evidence of 
widespread low-level radioactivity in the Arikaree Formation in the Lusk area, but with few 
exceptions, groundwater quality appears to be within EPA standards.  

WATER-SUPPLY ALTERNATIVES 

In the event the Town of Lusk desires to improve water quality beyond that required to meet 
current EPA standards or water-quality from the present system changes sufficiently to fall out of 
compliance (or standards change), the following alternatives were investigated over the course of 
this project (many of them before the laboratory analysis errors behind the historical water-quality 
reporting were understood). 

REDUCED USE OF WELL NOS. 9 AND 10 
The Town of Lusk has an EPA-compliant municipal water supply system using only Well Nos. 1 and 
8, or using a combination of Well Nos. 1, 8, 9, and 10. Furthermore, the present system meets 
Wyoming DEQ guidelines for source development of being able to meet projected maximum daily 
demands with just Well Nos. 1 and 8, which is further supported by 1.1 MG of system storage.   
Additionally, the capacity of Well No.1 exceeds the average demand with Well No.8 out of service.  
Thus, even the "two-well" system established in the absence of Well Nos. 9 and 10 was capable of 
meeting over 90% of the peak demand with the larger well out of service.  DEQ regulation for a 
two- well system requires the ability to meet the average-day demand with the largest well out of 
service. 

WELL-BY-WELL FLOW ACCOUNTING 
A critical factor in the uranium and radioactivity MCLs is their assessment as an RAA. This not only 
accommodates the uncertainties with which these parameters can be measured, but also provides 
the opportunity to “blend” different sources as an accounting rather than a physical process. For 
example, given source A at 40 ugm/L and source B at 20 ugm/L, one could either pump both 
sources to a common point in a 1:3 ratio to produce a continuous blend at 25 ugm/L - OR - 
produce from A for three (3) months, then produce from B for 9 months and still achieve 
compliance with the 30 mg/l RAA MCL for U. The latter is obviously the simpler approach for the 
three-(3) eastside wells, as it is fully consistent with the existing hydraulics and operational design.  
Under this approach, were Well No. 9 or 10 to become causes for concern, the dates and volumes of 
pumping could be tracked (as they already are through the existing metering and telemetry system 
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and wellhead samples would be taken for laboratory analysis of the parameters of interest and an 
“average” delivered water-quality could be calculated.   

PHYSICAL BLENDING 
The common pipeline from the three “eastside” wells (Nos. 8, 9, and 10) provides opportunity for 
blending water quality before individual delivery.  The only blending opportunity to include Well No. 
1 would be to re-plumb the system to deliver all water into the tanks before entering the 
distribution system (or to bring Well No. 1 into the common eastside pipeline before the first point 
of delivery). Water from Well Nos. 8, 9, and 10 could be blended simply by turning on some 
combination of wells at the same time.   This would reduce the hydraulic efficiency of the system 
somewhat as the wells “competed” for capacity in the pipeline, but would provide a continuous 
blend of water quality, suitable for sampling at the EPA-established compliance location. 

WATER TREATMENT 
From the initial review of available water quality data it appeared that softening may be a good 
alternative for not only reduction of alpha activity but for a reduction in hardness.  It would also be 
less costly and operationally intensive than a reverse osmosis process.  A limited program of “mini-
pilot” testing was performed at Lusk Well No. 10, based on the positive results in similar pilot testing 
our team has conducted in southeast Colorado. The mini-pilot effort included some initial jar testing 
to determine the optimal dosage of chlorine and caustic soda prior to running the source water 
through a simulated process of contact and then filtration through a cartridge filter. 

Results from the softening process were very favorable, as GAA was reduced from 16.0 pCi/L in the 
source water to 2.6/6.1 pCi/L for the two (2) samples, a difference well outside the measurement 
variability. Both softening samples also reflected a significant reduction in U as well, with the source 
water concentration of 25.2 ug/L being reduced to 7.6/7.8 ug/L. 

Cost estimates are based on treatment capacity equal to the permitted capacity of Well Nos. 9 and 
10, to provide full redundancy if Well No. 8 were out of service.  Each alternative would incorporate 
provisions to allow for potential blending, this would provide benefits such as longer life cycles, 
lower operational costs, etc. 

The AVI team identified three treatment process alternatives primarily targeting uranium for 
comparison and consideration.   These are summarized below; see the full report for additional 
details. 

Alternative #1- Softening by pH Adjustment Followed by Disposable Cartridge Filters  
Ultimately, this alternative is essentially the process that was successful in the mini-pilot effort 
scaled up to the production of the eastern wells. The proposed units do not have a very significant 
footprint. Housing for a unit with a 500 gpm capacity is only 30 inches in diameter and 74 inches in 
height, with units of less capacity being even smaller. This would minimize the building space 
needed for treatment if a combined facility option is preferred that would allow for treatment of 
Wells 8 9, and 10 or any production combination of the three wells. Having a reduced building 
space requirement in turn minimizes cost. Preliminary evaluations reflect that it should be possible 
to install individual units inside the existing buildings at Well Nos. 9 and 10 along with the requisite 
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chemical feed systems and associated piping.  

Advantages 

 Small footprint  

 Low capital cost 

 No liquid residual created  

 Virtually no loss of produced water in the treatment process 

 Benefit of a reduction in hardness in potable water 

Disadvantages 

 Additional operational cost over non-treatment options 

 Additional chemical into process 

 Production Impacts to Wells 

Preliminary Opinion of Cost (combined facility - 

Well Nos. 9 and 10):  $562,000 

Alternative #2 - Ion Exchange 
Ion exchange is a method of removing undesirable ions from the water by exchanging them with 
other ions attached to a media or resin inherent to the unit. Ions typically removed include U, Ra, 
and others that contribute to radioactivity that are exchanged with sodium and chloride ions. The 
benefit of ion exchange over the softening/filtration alternative presented above would be that 
additional chemicals would not be needed. However, handling of a salt solution is required to 
regenerate the media.  

Advantages  

 Ease of operation 

 Reasonable footprint 

 Benefit of reduction in hardness in potable water 

 Minimal loss of production water in treatment process. 

 Operational Cost 

Disadvantages 

 Moderate capital cost  

 Liquid residual created 

 Production Impacts to Wells 

Preliminary Opinion of Cost: $1,504,000 
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Alternative #3 - Reverse Osmosis 
Reverse osmosis is a pressure-driven membrane separation process, with water being forced 
through a membrane with small pores under high pressure. Any molecules larger than the pore 
openings would be excluded from the product stream along with a significant portion of the 
influent water. 

Advantages 

 Finished Water Quality 

 Ease of Operation 

Disadvantages 

 High Capital Cost 

 High Operational Cost  

 Production Water Loss 

 Liquid Residual Stream  

 Disposal of Spent Membranes 

 Membrane fouling and scaling 

 Post Treatment Considerations 

Preliminary Opinion of Cost: $1,840,000 

NEW WELL CONSTRUCTION   
Although not projected to be necessary for the foreseeable future, there may come a time when 
Town of Lusk needs additional water source supply.  Additional water could be produced from Well 
No. 1 and/or Well No. 8 by installing pumping equipment of larger capacity.  Consideration of the 
drawdown and pumping water levels in these wells suggests production of either one could be 
substantially increased.  

A side-by-side replacement well at Well No. 1 would make the most sense if additional drilling were 
to be undertaken, because it appears to have somewhat higher water quality than the eastside wells.  
(Also, it was identified as a priority in the 2014 Master Plan due to its age and concerns with the 
existing wellhead facilities.)  Construction of a new well at the location of Well No. 1, would provide 
an upgrade of existing facilities.  Based on the estimates presented above, only a modest increase in 
the pumping capacity of a replacement “Well No. 1" would be necessary to fully replace a 
temporary loss of production from Well No. 8. 

More expensive would be entirely new well construction at a new location. The data presented on 
Figure ES-2 were compiled, in part, to investigate the potential for permanently abandoning Well 
Nos. 9 and 10 and replacing one or both with a new well(s) at a new location.  A limited 
investigation of the previously active Lusk Well No. 3 was undertaken in 2014 with similar intent 
with respect to augmenting the existing supply.  A well comparable to Well Nos. 9 and 10 is 
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estimated to have a contractor cost of approximately $225,000, including well construction and 
testing.  To that would have to be added the costs of wellhead facilities, transmission pipeline, 
power, and engineering services appropriate to the particular site chosen. 

General well locations for which existing data suggest further investigation of the local aquifer may 
be productive if a new well at a new location is desired: 

1. The existing (abandoned) Lusk No. 3 well.  This location is adjacent to the existing 
pipeline and has obvious access to power.  The May 2014 uranium value was 11 ugm/L. 

2. The two irrigation wells in approximately 1/4 mile from the existing pipeline northeast of 
Lusk Well No. 7.  The site has obvious access to power and local aquifer productivity is 
demonstrated by the wells’ permit yields of 350 and 650 gpm.  This location is.  The 
August 2016 uranium values were 20 and 17 ugm/L. 

3. The existing Lusk golf-course supply.  Local aquifer productivity is demonstrated by the 
well permit yield of 425 gpm and its historical use to water the golf course.  This location 
is not currently connected to the municipal water system; it is approximately 0.8 miles 
from Well No. 1.  The August 2016 uranium value was 12 ugm/L. 

Additional analysis of local hydrogeology and the results of the August 2016 sampling may reveal 
additional or superior locations for more focused investigation of alternative well locations. 
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