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EXECUTIVE SUMMARY 
 
The UBMC water treatment plant (WTP) treats mine drainage from two adits and multiple acidic 
seeps from a seepage capture trench and French drain collection system that was expanded in 2017.  
Recent developments including a July 2017 earthquake, the 2017 expansion of the seepage collection 
system, and exceptionally large 2017/18 snowpack and wet 2018 spring resulted in increased source 
flows to the WTP throughout 2018 and increased operation and maintenance (O&M) costs.  The 
primary O&M challenges include management and handling of sludge generated through the pH 
adjustment/chemical precipitation water treatment process, and frequent plugging and required 
cleaning of the ceramic microfiltration (CMF) units.  At the request of the Montana Environmental 
Trust Group (METG), Hydrometrics evaluated options for improving the WTP performance and 
efficiency with the goal of promoting long-term compliance with required WTP effluent limits while 
reducing O&M costs.   
 
Based on screening of preliminary options, three alternatives for modifying the existing WTP are 
recommended for consideration, including: 
 

 Alternative 1: Add a sludge thickener tank to the process to facilitate sludge handling; 

 Alternative 2: Add a sludge thickener tank and lamellae clarifiers to facilitate sludge handling 
and reduce solids loading and plugging of the CMF; and 

 Alternative 3: Additions proposed in Alternative 2 plus replacement of the CMF with a new 
ultrafiltration (UF) unit to reduce operational costs.   

 
Although presented as three separate alternatives, the three alternatives are designed to allow for 
phased implementation if desired, so that the less expensive Alternative 1 can be implemented with 
Alternative 2 and/or 3 implemented at a later date if WTP performance warrants.   
 
The evaluation included development of a water balance based on measured source flows recorded 
from 2009 through 2018.  The water balance was used to determine an optimum WTP design flow 
capacity balancing the objective of promoting long-term compliance with the WTP effluent limits 
while minimizing capital and O&M costs.  The water balance was also used to determine the 
optimum WTP operating schedule based on historic source flows and available water storage 
capacity.  The results indicate that the optimum design flow capacity for the WTP with one or more 
of the recommend alternatives is 140 gallons per minute (gpm), and through efficient use of all 
currently available water storage options, the modified WTP could be shut down for three to four 
months each year.  Seasonal shutdown of the WTP would significantly reduce O&M costs and 
eliminate safety-sensitive activities associated with winter operations.   
 
As part of the evaluation, preliminary designs and cost estimates were developed for the three 
alternatives.  Preliminary capital cost estimates for the three alternatives, considered to be +/-20%, are 
$638,800 for Alternative 1, $989,300 for Alternative 2, and $1,368,300 for Alternative 3.  The 
estimated annual and long-term O&M costs were compared to the existing WTP O&M costs to 
determine the return on investment or breakeven year for each alternative where the savings resulting 
from the lower O&M costs would equal the capital expenditures.  The cost-benefit analysis shows 
that savings from the reduced O&M costs would equal the capital costs in eight to nine years for all 
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three alternatives.  The cost-benefit analysis also estimates the 30-year savings resulting from reduced 
O&M costs for Alternatives 1, 2, and 3 compared to the existing WTP operations to be approximately 
$2.4 million, $3.7 million, and $5.6 million, respectively.  The capital and long-term O&M cost 
comparisons allow stakeholders to assess the alternatives based on short-term capital costs as well as 
long-term operating costs.  Finally, the cost analysis shows that the currently available WTP O&M 
fund (≈$3.4 million) will be depleted in 5 to 6 years with continued operation of the existing system 
or implementation of any of the three alternatives.   

In addition to the water treatment alternatives, two water management alternatives are recommended 
for future consideration.  Interception and diversion of clean groundwater that would otherwise 
recharge the mine workings and report to the WTP would reduce the volume of water requiring 
treatment.  The second alternative, completing a well into and pumping from the deeper mine 
workings would increase the available storage capacity within the mine workings allowing for 
attenuation of higher seasonal peak flows and/or a longer winter shutdown period.  The water 
management alternatives are considered preliminary at this time and would require further evaluation 
and field testing to better assess their feasibility and potential benefits.   

Finally, the water treatment alternatives are scored against a suite of risk reduction/selection criteria 
such as capital and O&M costs, likelihood of future compliance with effluent limits, and ability to 
handle unanticipated future short-term or long-term increases in flow and/or contaminant loads.  
Water treatment alternatives 2 and 3 score highest for long-term performance and cost savings, with 
Alternative 3 having the highest capital cost but greatest long-term savings through reduced O&M 
costs.  Therefore, final alternative selection may depend on the short-term availability of funds for 
capital expenditures.  Pending a decision to proceed with a selected alternative, approximately nine 
months would be required for planning, design, equipment procurement and construction before  
the system modifications are operational.  Thus, based on their current construction schedule, DEQ 
forecasts that any WTP modifications would occur after remedial activities are completed 
downstream of the WTP. 
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EVALUATION OF ALTERNATIVES FOR OPTIMIZATION  

OF THE UPPER BLACKFOOT MINING COMPLEX  

WATER TREATMENT SYSTEM 

 
 
 
 

1.0  INTRODUCTION 

 

At the request of the Montana Environmental Trust Group (METG), Hydrometrics, Inc. has 
conducted a streamlined evaluation of alternatives for optimizing performance of the Upper  
Blackfoot Mining Complex (UBMC) water treatment plant (WTP).  This report presents results of the 
alternatives screening analysis including project background and objectives, development and 
screening of preliminary options, and recommended alternatives for optimizing the UBMC WTP 
operations.   
 

1.1 PROJECT BACKGROUND 

The UBMC WTP treats mine drainage from three primary sources; drainage from the inactive Mike 
Horse Mine underground workings, bedrock seepage in Upper Mike Horse Drainage (Upper Mike 
Horse Seeps), and discharge from the Anaconda Mine underground workings (Figure 1-1).  All three 
sources contain high concentrations of some metals including, but not limited to, cadmium, copper, 
iron, manganese, lead and zinc, and are moderately to highly acidic.  The Upper Mike Horse Seeps 
are captured and pumped back to the Mike Horse mine workings with the commingled seep/mine 
drainage discharged from the Mike Horse 300 Level Adit and conveyed approximately one mile 
through a high-density polyethylene (HDPE) pipeline to the WTP.  The Anaconda Adit discharge is 
added to the Mike Horse Adit discharge in the WTP feed tank and the combined sources treated 
through chemical addition/metals precipitation and polishing through a series of ceramic microfilters 
(CMFs).   
 
The water treatment system includes two lined ponds located near the WTP for water and sludge 
storage (Figure 1-1).  The two lined ponds, referred to as Cell 5 and Cell 7, have storage capacities of 
840,000 and 970,000 gallons, respectively.  In addition, in 1995 a concrete plug or bulkhead was 
constructed within the Mike Horse Adit which allows water to be stored in the underground 
workings.  The adit discharge conveyance line extends through the flow-through plug with a valve 
located downstream of the plug.  By adjusting the valve, the adit discharge rate and the mine water 
level can be controlled.  Thus, the mine workings can be used as an equalization reservoir with the 
water level drawn down during the low flow winter months to provide storage within the mine for the 
higher springtime mine inflow rates.  A previous analysis by Hydrometrics (2013) indicates 
approximately seven million gallons of available storage between the 300 level and 200 level mine 
workings (Figure 1-2).  The 200 level workings represent an upper limit for the mine water level 
before water would discharge from the open 200 Level Adit.        
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1.1.1 Source Flow Rates 

The largest of the three source flows is the Mike Horse Adit discharge.  Prior to 1995 when the 
concrete plug was placed in the Mike Horse Adit to control flows, the adit discharge rate varied from 
about 25 gpm during the late fall and winter, to 120 gpm or more during May and June.  The large 
variation in seasonal flows and rapid response to the spring season snowmelt and rainfall indicates a 
close hydraulic connection between the mine workings and ground surface, either through mine 
workings in close proximity or directly connected to the ground surface or through geologic 
structures.  The high May/June flows from the Mike Horse Adit result in increased operation and 
maintenance (O&M) costs during these periods.   
 
Discharge from the Anaconda Adit is much less than the Mike Horse Adit with historic flows ranging 
from 0.2 to 9.0 gpm seasonally.  Prior to the 2017 earthquake, the Anaconda Adit flow was normally 
around 1.0 gpm with higher flows corresponding to individual precipitation events and/or spring 
snowmelt.  After the earthquake, the average flow of the Anaconda Adit increased to approximately 
4.0 gpm.  While the adit is still influenced by precipitation and snow melt, the average flow rate has 
steadily decreased since the earthquake with an average daily flow of 3.0 gpm as of May 20, 2019.  
The lower discharge rate for the Anaconda Adit is due primarily to the smaller extent of the 
Anaconda mine workings as compared to the Mike Horse workings.   
 
The Upper Mike Horse Seep is an area of low pH, high metals concentration seepage water in Upper 
Mike Horse Drainage (Figure 1-1).  In 2009 a seepage collection trench was constructed to capture 
the Upper Mike Horse Seep with the collected water pumped back to the Mike Horse mine workings 
through the 200 Level Adit.  At that time, seepage flows ranged seasonally from a few gpm up to 
about 30 gpm.  In 2017, the Upper Mike Horse seepage collection system was expanded to capture 
additional acidic seepage as part of the Upper Mike Horse Drainage remedial action.  Flows to the 
expanded capture system in spring 2018 were reportedly as high as 175 gpm for a short duration, 
although a significant portion of that flow is believed to be snowmelt water due to the high winter 
2017/2018 snowpack (discussed further below).  The seepage collection system pump was replaced 
with a higher capacity pump in fall 2018 to handle increased flows from the expanded capture system. 
 
Figure 1-3 shows monthly average flows for the Mike Horse Adit, Anaconda Adit, Upper Mike Horse 
Seep and the WTP discharge from May 2009, when the WTP was brought online, through November 
2018.  The relatively small contribution from the Anaconda Adit as compared to the Mike Horse Adit 
is evident from the figure, with the Mike Horse Adit discharge typically accounting for 80% or more 
of the total WTP inflow.  It should be noted that the Mike Horse Adit flow includes the Upper Mike 
Horse Seep flow since the seep flow has been pumped back to the mine workings since 2009.   
 

1.1.2 Source Water Chemistry and WTP Effluent Limits 

Water quality data for the Mike Horse Adit and Anaconda Adit discharges from November 2018 is 
included in Table 1-1, along with recent WTP influent and effluent water quality and the WTP 
effluent limits.  The Mike Horse Adit discharge is slightly acidic with a pH of 6.1 and high 
concentrations of sulfate, iron, manganese and zinc.  The November 2018 sample results are typical 
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Influent Effluent  
11/8/18 11/8/18 5/21/99 11/7/18 11/7/18

pH S.U. 6.1 6.7 3.8 NM 7.74
Total Dis. Solids mg/L 1720 369 4000 NM NM NA NA

Sulfate mg/L 1030 179 2610 1050 NM NA NA
Hardness as CaCO3 mg/L 1110 232 1430 885 NM NA NA

Calcium mg/L 220 63 156 NM NM NA NA
Magnesium mg/L 137 18 260 NM NM NA NA

Sodium mg/L 2 7 2 NM NM NA NA
Potassium mg/L 2 1 2 NM NM NA NA
Aluminum mg/L 0.155 0.027 128 <0.03 <0.03 NA NA

Arsenic mg/L 0.013 0.016 <0.003 0.01 <0.001 NA NA
Cadmium mg/L 0.0463 0.00043 1.16 0.0536 <0.00008 0.0002 0.0015
Copper mg/L 0.356 0.005 66.2 0.466 <0.001 0.008 0.0103

Iron mg/L 48.6 10.8 <0.02 46.1 <0.05 1.0 1.5
Lead mg/L 0.0626 0.0065 2.04 0.0707 <0.0005 0.0025 0.0537

Manganese mg/L 21.8 4.4 91.5 23.4 0.009 1.92 2.69
Zinc mg/L 29.9 0.478 143 31.2 0.035 0.0907 0.0907

WTP - Water Treatment Plant
NM - Not Measured
NA - Not Applicable
* Additional effluent limits exist for total recoverable mercury and oil and grease. 
All metals concentrations are total recoverable except aluminum in WTP effluent which is dissolved.

Sample Date
6.0 to 9.0

TABLE 1-1. WATER QUALITY DATA AND WATER TREATMENT                      
PLANT EFFLUENT LIMITS

Parameter Units
Mike Horse 

Adit 
Discharge  

Anaconda 
Adit 

Discharge 

Upper Mike 
Horse Seep

WTP WTP Effluent 
Limits*

Monthly 
Ave

Daily 
Max
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of the Mike Horse water quality for the majority of the year, although the adit discharge does 
experience a spike in acidity and metals concentrations during the May/June spring runoff period.  
The November 2018 sample from the Anaconda Adit is the first sample collected from that source in 
the past few years, and represents a significant improvement in water quality compared to data from 
the 1990s and 2000s.  For example, sulfate, copper, lead, and zinc concentrations in a May 2, 2011 
sample of the Anaconda Adit discharge were 830, 0.506, 0.030, and 19.0 milligrams per liter (mg/L), 
respectively, compared to 179, 0.005, 0.0065, and 0.478 mg/L in the November 11, 2018 sample.  It 
is unclear if the November 2018 data represents a permanent improvement in water quality from this 
source or a short-term change.  Additional sampling is proposed in 2019 to further assess the current 
Anaconda Adit discharge chemistry.  Recent water quality data is not available for the Upper Mike 
Horse Seep but past sampling shows the seep water to be acidic with exceptionally high 
concentrations of aluminum, copper, manganese, and zinc (Table 1-1).  Additional water quality 
monitoring from all three sources is recommended in 2019 (Section 4). 
 
Discharge from the WTP was previously regulated through a Montana Pollutant Discharge 
Elimination System (MPDES) permit (Permit # MT0030031), with effluent limits or maximum 
allowable constituent concentrations prescribed by the permit.  In 2011, the State of Montana issued 
an exemption for WTP operations from the MPDES permit to facilitate overall cleanup activities and 
oversight at the UBMC, although all substantive permit requirements, including the permit effluent 
limits remain.  Despite the operational limitations and challenges described above, the WTP discharge 
has met the facility effluent limits (Table 1-1) the vast majority of the time.  After experiencing a 
number of exceedances for cadmium, manganese, and zinc during the initial operational period 
(2010-2011), the effluent limits for these metals have consistently been met since then with the 
exception of a few exceedances for cadmium and zinc during the 2017 and 2018 high flow periods.  
There have been no exceedances of the copper, iron or lead effluent limits for the entire WTP 
operational period.  As noted above, however, general compliance with the facility effluent limits has 
required extraordinary efforts on the part of the WTP operator and significant operational costs.  It is 
the excessive efforts and costs that prompted this evaluation of treatment alternatives.  
 

1.1.3 Mine Workings 

As noted above, discharge from the Mike Horse mine workings is the largest source of flow to the 
WTP.  The Mike Horse Mine was the largest and most productive of the individual mines comprising 
the UBMC, resulting in an extensive network of tunnels, shafts, stopes, and other underground 
workings (Figure 1-4).  The Mike Horse workings were developed along two main vein systems, the 
Mike Horse Vein and Little Nell Vein, and include six levels.  The six levels, from shallowest to 
deepest, include the 100 Level, 200 Level, 300 Level, 400 Level, 600 Level, and 800 Level.  The 
designations refer to the approximate relative elevation of each level with the 800 Level 
approximately 700 feet below the 100 Level.   
 
The Mike Horse workings discharge by gravity flow from the 300 Level Adit, meaning all workings 
below the 300 Level are fully flooded.  Due to the flow-through plug inside the 300 Level Adit, the 
water level inside the mine can be raised by as much as 130 feet above the 300 Level at which point 
potential outflow from the 200 Level Adit precludes further flooding (Figure 1-2).  Based on 
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currently available data from August 2003 through August 2018, the water pressure behind the adit 
plug has ranged from 49.5 psi to 8.8 psi (114.3 feet to 20.3 feet) on 6/18/07 and 4/11/18, respectively.  
Over the last two years (2017-2018), the adit pressure has been maintained below 15 psi (except 
during spring high flow periods and immediately after the 2017 earthquake) in order to stabilize the 
chemistry of the adit discharge.  Prior to that, the adit pressure was generally lowered before the 
anticipated spring runoff to provide additional storage capacity for the higher spring season mine 
inflow rates.   
 
The Mike Horse Adit plug is located approximately 300 feet inside of the 300 Level portal in an area 
of hard, competent bedrock.  The plug is constructed of type V concrete, compatible with the high 
sulfate content of the adit water, with a compressive strength of 2,500 psi and safe average shear 
stress of 50 psi.  Based on these properties and a maximum design water level of 100 feet (43 psi) 
behind the plug, the required plug thickness is only 1.5 feet (Asarco, 1995).  For the plug design and 
construction, a factor of safety of 4 was applied resulting for an actual plug length of six feet, 
meaning the plug is designed to withstand a hydrostatic pressure of about 170 psi or 400 feet of head.  
Following cement curing, the plug/bedrock interface was pressure grouted to provide a proper seal 
between the cement plug and bedrock.   
 
The source and mechanism for groundwater inflow to the Mike Horse mine workings has previously 
been investigated to assess the potential for reducing groundwater inflow to the workings and outflow 
to the WTP (MSE, 1997; Spectrum Engineering, 2011).  In 1994, the 300 Level mine workings were 
inspected in preparation of the mine plug construction.  At that time, the inspectors noted that all of 
the water flowing out of the 300 Level Adit was upwelling from a raise connecting the 400 and 300 
levels located about 750 feet south of the adit portal (Figure 1-4) and beyond that point the 300 Level 
main tunnel and the east-west drifts were dry with no leakage from the walls or ceiling.  Further 
south, the Mike Horse Vein workings cross beneath Mike Horse Creek with the workings 
encroaching within 20 feet or less of the ground surface (Figure 1-4).  It has been hypothesized that 
the main source of inflow to the mine workings occurs in this area due to the close proximity of 
shallow alluvial groundwater and Mike Horse Creek to the workings (MSE, 1997).  A current 
conceptual model of inflow to the mine workings includes infiltration of shallow groundwater into the 
200 and/or 300 Level Mike Horse Vein workings beneath Mike Horse Creek, northward flow through 
the deeper 400 Level workings, and upwelling from the 400 Level to the 300 Level through the 
connecting raise.  This model accounts for the dry conditions noted in the 300 Level workings 
upgradient (south) of the connecting raise as observed in 1994, and is important when considering 
water management/source control options for the Mike Horse workings.     
 

1.1.4 Clay-Based Grout Demonstration Project 

MSE (1997) completed a detailed groundwater investigation and pilot grouting project in the Upper 
Mike Horse drainage area in the 1990s referred to as the Mike Horse Clay-Based Grouting 
Demonstration Project (MSE, 1994 and 1997).  The project was funded by the U.S. EPA and U.S. 
DOE for the purpose of demonstrating the effectiveness of a clay-based grout at reducing or 
eliminating infiltration of surface and shallow groundwater into underground mine workings.  The 
Mike Horse Mine was chosen as a demonstration project due to the occurrence of shallow mine 
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workings underlying upper Mike Horse Creek as described above.  The grouting project area is 
shown in Figure 1-5.   
 
A groundwater/bedrock characterization program was completed in 1993/94 (prior to grouting) 
including bedrock core drilling (17 drill holes total), completion of seven monitoring wells, 
groundwater level monitoring and packer testing to determine bedrock transmissivity.  The site 
characterization program identified a number of fracture zones within the shallow bedrock that could 
convey surface water and shallow groundwater into the underground workings, and concluded that a 
hydraulic connection existed between Mike Horse Creek and the underlying mine workings.     
 
Between September and November 1994, approximately 1600 cubic yards of grout was injected 
through angled drill holes into the shallow bedrock to form a horizontal grout curtain between Mike 
Horse Creek and the shallow mine workings, with the majority of grout injected through drill holes 
ADH-7 and ADH-14 (Figure 1-5).  An additional 1500 cubic yards of grout was scheduled for 
injection in 1995, however, due to changes in the Mike Horse Adit discharge, namely plugging and 
flooding of the mine workings, the Phase II program was canceled.  Although the quantity of grout 
injected was estimated to be only 50% of the total amount required to complete the grout curtain, 
MSE concluded that the demonstration program was effective at reducing the bedrock permeability.  
Following grout injection, the water level in monitoring well MW-3 (Figure 1-5) rose from 111 to 17 
feet below ground surface and a number of springs developed downstream of the injection site.  
Although a direct comparison of pre- and post-grouting adit discharge rates could not be made due 
mainly to flooding of the workings, MSE concluded that the grout injection likely was effective at 
reducing shallow infiltration to the mine workings based on the increased groundwater levels and 
spring development.     
 

1.1.5 2016 Mike Horse Drainage Remediation Activities 

The Montana Department of Environmental Quality (MDEQ) completed remediation activities in the 
Mike Horse drainage in 2016 including mine waste removal and revegetation in the drainage bottom 
and hillsides (Pioneer Technical Services, 2017).  The remediation program incorporated a number of 
drainage control measures in the upper Mike Horse drainage (south of the 300 Level Adit) where 
Mike Horse Creek crosses the Mike Horse and Little Nell veins and associated underground 
workings.  The drainage control measures are intended to reduce infiltration of surface water and 
shallow groundwater into the mine workings and associated 300 Level Adit discharge and therefore 
have potential implications for future WTP operations and the current alternatives evaluation.        
 
In July 2016, a groundwater interception trench was excavated on the west side of upper Mike Horse 
drainage to a depth of 15 feet where competent bedrock was encountered.  The trench was 100 feet 
long, oriented parallel (north-south) with the drainage, and headed in a “T” on the uphill (south) end 
(Figure 1-5).  At the time of excavation, groundwater was observed entering the trench from the west 
side but not from the east (Pioneer, 2017).  The trench was backfilled with coarse drain rock overlain 
with low permeability soil with the trench flow piped 850 feet downstream (north) through a 2-inch 
HDPE pipe where it discharges to Mike Horse Creek.  This system was incorporated into the Upper 
Mike Horse remediation program as a permanent shallow groundwater drainage feature.  
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A second shallow groundwater interception trench was constructed about 300 feet north of the first 
trench and is oriented perpendicular to the drainage (Figure 1-5).  Similar to the upper trench, this 
trench was also backfilled with coarse drain rock overlain with low permeability soil, with the 
collected water piped about 500 feet downstream and discharged to Mike Horse Creek.  In addition, 
four smaller drainage trenches were excavated immediately downstream of the second trench (Figure 
1-5).  These trenches are oriented diagonally (SW to NE) across the drainage bottom and backfilled 
with coarse drain rock but do not include outlet pipes like the two upstream trenches. These trenches 
are intended to move groundwater across the mineralized bedrock in this area to reduce contact time 
and potential metals leaching.  As with the upper drainage trench, all of these features were 
incorporated into the 2016 Mike Horse drainage remediation program as permanent features (Pioneer, 
2017).   
 
In addition to the interception/drainage trenches, the 2016 remediation program included placing a 
liner system beneath the reconstructed Mike Horse Creek channel.  Following mine waste removal, 
the subsurface liner system was placed beneath the channel alignment starting near the former Asarco 
dam and extending downstream about 700 feet (Figure 1-5).  The liner system includes, from bottom 
to top, 6 inches of low permeability soil, a geocomposite layer, a 40 mil plastic liner, a second 
geocomposite layer, and two feet of low permeability soil.  The Mike Horse Creek channel was 
constructed on top of the upper soil layer.  The purpose of the liner system is to prevent leakage of 
creek water into the underlying mine workings.   
 
As outlined above, the 2016 remediation program included a number of elements designed to reduce 
potential seepage of surface water and shallow groundwater into the Mike Horse mine workings.  A 
number of factors since 2016, including the July 2017 earthquake and the very wet 2018 spring 
temporarily altered hydrologic conditions in the area precluding detailed assessment of potential 
effects of the 2016 activities on adit discharge rates.  The adit discharge rate will be evaluated during 
2019 to determine possible benefits of the 2016 remediation activities.   
 

1.2 EXISTING WATER TREATMENT PROCESS  

The existing UBMC WTP utilizes a series of chemical and physical processes to remove metals from 
the collected adit waters.  A process flow diagram of the existing WTP is included as Figure 1-6 and a 
general layout of the WTP in Figure 1-7.  The raw source waters are collected and stored in the Feed 
Tank where the water is purged with low pressure air to strip carbon dioxide and reduce the water 
buffering capacity.  This results in lower chemical costs for pH adjustment in the remaining process 
steps.  From the Feed Tank, water is pumped to Neutralization Tanks #1 and #2 where the water is 
chemically treated to precipitate metals.  Caustic soda (50% solution) is added to raise the pH to 
approximately 9.5; at this pH, target metals are converted to insoluble hydroxides which form 
precipitates.  Following caustic addition, a sodium sulfide solution is added to precipitate any 
remaining cadmium as an insoluble sulfide, and lastly potassium permanganate solution is added to 
oxidize and precipitate any remaining manganese. 
 
From the neutralization circuit, the water and solids are passed to the CMF system to separate the 
precipitated solids from the treated water.  The Concentration Tank receives water from the 
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Neutralization Tanks and a return stream from the CMF units.  The CMF process circulates up to 
2,100 gpm of water in a loop concentrating the solids content in the process stream.  A sludge wasting 
stream from the CMF return loop is directed to the sludge holding tanks for ultimate solids removal in 
the filter press.  Clear water which passes through the CMF reports to the pH Adjust Tank where 
sulfuric acid is added to lower the pH and air is added (as necessary) to raise the dissolved oxygen 
concentration prior to discharge to the Blackfoot River.   
 
Although the existing WTP meets the discharge effluent limits the majority of time, high flows 
resulting from spring runoff and/or high precipitation events have caused upset conditions in the WTP 
resulting in increased O&M costs and occasional effluent exceedances.  System limitations caused by 
high-flow events include short hydraulic retention times resulting in incomplete chemical reactions, 
increased required cleaning of the CMF units due to the elevated solids load in the CMF process loop, 
and increased maintenance of the CMF due to increased cleaning of the units.  General system 
limitations include ineffective solids removal from the Concentration Tank, inefficient CMF 
operations, and long filter press loading times due to the low solids content of the settled sludge.  
These limitations result in increased operator time, chemical costs, and wear and tear on the CMF 
equipment.     
 
During past high-flow events, WTP operators have diverted water from Neutralization Tank #1 to 
Cell 7 to increase residence times and provide preliminary solids settling before sending water back to 
Neutralization Tank #2 to finish processing.  This was effective in decreasing the solids load to the 
CMF as well as extending CMF run times between cleanings, but resulted in the accumulation of 
sludge in Cell 7 which required significant labor and expense to process.  Operators also used 
cartridge filters to filter the water and increase throughput in the WTP.  Again, although this was 
effective, it was costly in terms of labor, equipment, and filters. 
 
In summary, although the existing WTP has met the discharge effluent limits the majority of the time, 
current process limitations, including problems with sludge handling and management and frequent 
plugging of the CMF, have resulted in excessively high O&M costs and periodic effluent limit 
exceedances.  Modifying the WTP infrastructure and operations as outlined in this report would 
reduce the potential for future effluent limit exceedances while reducing future labor and cost 
requirements associated with the WTP operations.   
 

1.3 PROJECT GOALS AND OBJECTIVES 

At the request of METG, Hydrometrics has evaluated options for addressing the operational 
limitations described above and improving overall WTP performance.  Specific objectives of the 
evaluation include: 
 

1. Evaluate and screen preliminary options for modifying the WTP and/or addressing source 
flows through water management/source control;  

2. Reassess the required design flow capacity for the WTP based on source flow rates over the 
past several years and currently available water storage capacity; 
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3. Recommend one or more alternatives to enhance the WTP design and operations to promote 
long-term compliance with Facility effluent limits while minimizing O&M costs; and 

4. Provide preliminary designs and cost estimates for implementing the recommended 
alternative(s) for consideration and use by project planners and stakeholders.  

 
This report presents results of the UBMC WTP evaluation.  The evaluation and reporting followed a 
streamlined approach, as compared to a formal feasibility study, to simplify the overall evaluation and 
review process and reduce associated costs.  Section 2 presents a list of preliminary options for WTP 
modification and water management/sources control, and screening of selected options according to 
implementability, effectiveness and relative cost.  Section 11 of the UBMC Record of Decision 
(ROD) identifies active mechanical treatment via the WTP as the selected remedy for treatment of 
adit discharge portions of groundwater.  Therefore, as the selected remedy, water treatment meets the 
CECRA criteria stated in Section 75-10-721, MCA, including compliance with ERCLs, mitigation of 
risk, effectiveness and reliability, practicability, and cost-effectiveness.  Based on the screening 
results, recommended alternatives are presented in Section 3.  Supporting information is included in 
appendices. 
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2.0  SCREENING OF PRELIMINARY OPTIONS 

 

As an initial step in the alternatives screening process, a preliminary list of options was developed.  
The preliminary list was intended to present all potential water treatment and management options for 
initial consideration by the project team.  The preliminary list was reviewed by the project team 
during a site meeting on September 6th and follow-up meetings in Helena on September 7, 2018.  
Based on team review, a number of options were selected for more detailed evaluation under the 
alternatives screening process.  The preliminary list of options is described below and summarized in 
Table 2-1 with the complete list included in Appendix A.  It should be noted the preliminary water 
treatment options focus on approaches and technologies consistent with the existing WTP technology 
(chemical precipitation) to minimize overall costs.  Although other water treatment technologies were 
briefly considered (i.e., reverse osmosis, ion exchange, electrocoagulation), these technologies were 
dismissed due to higher costs, uncertain effectiveness for the UBMC water chemistry and conditions, 
and limited compatibility with the existing WTP equipment and infrastructure.   
 

2.1 PRELIMINARY LIST OF OPTIONS  

2.1.1 Water Treatment Options 

Water treatment options included in the preliminary options list fall under two general categories; 
modifying or replacing the existing water treatment system, or adding one or more pre- or post-
treatment steps to augment the existing system.  Five options for modifying the existing system were 
initially considered, including: 
 

 Replacing the existing WTP with a new WTP capable of treating up to 300 gpm (a design 
capacity initially requested by the MDEQ project stakeholders);  

 Replacing the existing WTP with a new WTP with adequate capacity (other than 300 gpm) to 
consistently meet effluent limits while reducing O&M costs;  

 Constructing a second WTP to operate in parallel with the existing WTP to increase the 
combined capacity to 300 gpm (or other appropriate capacity);  

 Modifying the existing WTP to handle up to 300 gpm; and  

 Modifying existing WTP to increase capacity to a level (other than 300 gpm) necessary to 
ensure compliance with effluent limits and reduce O&M costs.   

 

Of the five preliminary options, two options were retained for further evaluation including replacing 
the existing WTP with a new WTP with increased capacity and lower O&M costs (bullet 2), and 
modifying the existing WTP to increase plant capacity to an appropriate capacity and reduce O&M 
costs (bullet 5).  After reviewing available flow data (discussed more in Section 3.1.1 and Appendix 
B), it was determined that increasing the WTP capacity to 300 gpm should not be necessary under all 
reasonably foreseeable flow conditions, and that construction of a second WTP to operate in parallel 
with the existing plant is not practical or desirable from a logistical or cost perspective (see comments 
in Table 2-1 and Appendix A).  The two retained options are described and evaluated further in 
Section 2.2.   
 

  



Preliminary Options Retain? Comments

Replace existing WTP with new 300 gpm capacity No Determined 300 gpm capacity not required.
Replace existing WTP with new WTP with increased capacity and lower O&M requirements Yes New appropriate designed WTP could attain project objectives.
Add second WTP to operate in parallel with existing WTP with combined 300 gpm capacity No Insufficient space and more efficient options available.
Modify existing WTP to increase capacity to 300 gpm No Determined 300 gpm capacity not required.
Modify existing WTP to appropriate capacity for effluent limit compliance & reduced O&M Yes Appropriately modified WTP could attain project objectives.

In-Situ Pretreatment of Upper Mike Horse Seeps through PRB or other passive technology No Short and long-term effectiveness questionable;space constraints. 

In-Situ Treatment within the Mine Pool Through Lime/Caustic Addition No Effectiveness questionable; potential plugging/system disruptions.

Utilize Cell 5 and/or Cell 7 as a pretreatment pond or biotreatment cell No Effectiveness questionable; Cells better used for water storage.
Pre-treatment cell at another location between Mike Horse Adit and water treatment plant No Effectiveness questionable; No suitable locations.

Convert WTP discharge to GW Discharge by directing through with infiltration gallery No Proximity to river results in direct connection to surface water.

Biotreatment/wetland cell at Shove (aka Shoue) Gulch No Landownership issues, pipeline costs, effectiveness questionable.

Convert all or a portion of Cell 7 to a polishing pond/biotreatment cell No Biotreatment effectiveness questionable; Cell 7 better used for water 
storage.

Dewatering Wells in Bedrock Peripheral to Workings to Reduce Mine Inflow Yes Clean GW interception in Upper MH drainage feasible.
Gravity Drain Unimpacted Groundwater from the 100 Level Mine Workings to Mike Horse Ck No Interception of clean mine water for direct discharge unlikely.
Hydraulic diversion/isolation of highly mineralized 100 Level mine area No Limited effectiveness; poor access.

Identify Potential Conduits for Surface Flow Into Mine Workings Yes Plugging of surface conduits to mine could reduce adit discharge.

Increase Mine Pool Level No Potential for uncontrolled leakage; plug stability concerns.
Pump from Deeper Workings to Increase Mine Storage Capacity Yes Could significantly increase mine storage capacity.

Complete list and comments in Appendix A

TABLE 2-1. SUMMARY OF PRELIMINARY WATER TREATMENT AND MANAGEMENT OPTIONS

Modify Existing WTP to Increase Capacity/Reduce O&M Requirements

Add Pretreatment Step to Treatment System

Water Treatment Options

Water Management/Source Control Options

Add Post-Treatment Polishing Step to Treatment System

K:\project\10023\2018 Alternatives Analysis\Report\Tables\UBMC Tables.xlsx\Table 2‐1 Prelim Alts‐Summary\HLN\01/08/19\065 1/8/2019 12:12 PM
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A total of seven pretreatment/post-treatment options were included in the preliminary options list.  
The pretreatment/post-treatment options are intended to reduce operational requirements of the 
existing WTP by either reducing the chemical load in the WTP influent, or by polishing the WTP 
effluent to contribute to effluent limit attainment.  The pretreatment options include:  
 

 In-situ treatment of the Upper Mike Horse seeps through a permeable reactive barrier or other 
technology to reduce the significant seasonal contaminant load from the seeps;  

 In-situ treatment of the Mike Horse mine pool through pH adjustment;  

 Utilizing existing Cell 5 and or Cell 7 as a pretreatment pond or bio-treatment cell; and  

 Constructing a pretreatment pond or cell at some other location between the Mike Horse Adit 
and the WTP.   

 
Post-treatment options for polishing the WTP effluent include:  
 

 Evaluating the technical and regulatory feasibility of changing the WTP effluent discharge 
from a surface water to a groundwater discharge in order to take advantage of differing 
discharge standards and potential effluent polishing through metals attenuation to soils;  

 Converting all or a portion of Cell 7 to a polishing pond/bio-treatment cell; and  

 Piping the WTP discharge to a bio-treatment cell/infiltration gallery near Shaue Gulch.   
 
None of the seven pretreatment and post-treatment options are retained for further evaluation at this 
time for reasons listed in Table 2-1 and Appendix A.  Basically, the pretreatment/post-treatment 
options were logistically impractical, deemed to be of questionable effectiveness, and/or not needed 
in light of the water treatment options retained.  Although these options are not retained at this time, 
reevaluation of these and/or other options may be warranted in the future depending on future adit 
discharge rates and quality, post-remediation receiving water quality, and long-term WTP operating 
costs.   
 

2.1.2 Water Management/Source Control Options 

The water management and source control options are intended to reduce the total flow  
and/or contaminant load to the WTP.  Due to the much greater flow, the options focus on the Mike 
Horse Adit discharge source.  Of the six water management/source control options included in the 
preliminary list of options, four involve reducing the flow and/or contaminant load from the Mike 
Horse Adit through interception and diversion of groundwater or mine water, and two involve 
manipulation of the Mike Horse mine pool water level (Table 2-1, Appendix A).  The preliminary 
options include:  
 

 Placement of dewatering wells peripheral to the Mike Horse mine workings to intercept and 
divert clean groundwater from entering the mine workings;  

 Pump or gravity drain clean water from within the upper mine workings;  

 Isolate or eliminate shallow groundwater contact with an area of highly mineralized bedrock 
(the 100 Level Adit area);  

 Identify and seal potential mine openings acting as recharge conduits from ground surface to 
the mine workings;  
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 Increase the allowable maximum water level within the Mike Horse mine workings to 
increase the mine storage capacity; and  

 Lower the minimum achievable water level within the mine workings to increase storage 
capacity.   

 
Of the six water management/source control options, three were retained for further evaluation 
including: capture and diversion of clean groundwater (Bullet 1); identify and seal potential conduits 
(Bullet 4); and lower the minimum achievable mine water level to increase mine storage capacity 
(Bullet 6).  Each of these options is described and evaluated further in Section 2.2.   
 

2.2 DESCRIPTION AND SCREENING OF RETAINED OPTIONS 

Site conditions at the UBMC constrain the number of viable water treatment/water management 
options.  The steep topography, land ownership patterns, extreme winter conditions, as well as 
financial considerations, limit available sites for constructing new water treatment components and 
infrastructure, as well as access for water management/source control measures in the Upper Mike 
Horse area.  Although this limits the list of viable options, it also simplifies the screening process 
since the majority of preliminary options were quickly eliminated due to one or more of these 
constraints.  For the remaining options, a semi-quantitative streamlined process was used to screen 
and select recommended alternatives.  The screening process includes the following criteria in 
addition to any statutory criteria previously considered through inclusion of the WTP in the ROD-
prescribed remedy: 
 

 Effectiveness:  Does the technology have the demonstrated potential to attain or significantly 
contribute to the attainment of project goals and objectives? 

 

 Implementability: Can the technology be reliably constructed, installed, implemented, 
operated, and maintained?  

 

 Relative Cost:  What are the capital and O&M costs of the technologies?  Estimated costs are 
intended to provide a relative comparison between alternatives, and are considered to be 
+50%/-30%. 

 
Each of the retained options was evaluated for the three criteria and rated as Low, Moderate or High.  
For effectiveness and implementability, a numeric score of 1, 2, or 3 was applied to each option for a 
Low, Moderate or High rating, respectively.  For relative cost, a low cost was scored a 3 and a high 
cost a 1.   
 
2.2.1 Replace Existing WTP with New WTP 

This option includes constructing a new WTP to replace the existing WTP.  The new WTP would be 
located at the same location as the existing WTP to utilize existing infrastructure, allow for gravity 
drainage of source flows to the WTP, and due to a lack of other suitable locations.  The new WTP 
would utilize appropriate technologies based on the source water chemistry and facility effluent 
limits, most likely centered on pH adjustment and chemical precipitation.  Current operational 
limitations associated with sludge handling and CMF plugging would be addressed through 
appropriate design such as inclusion of a sludge thickener tank, one or more clarifiers for solids 
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removal, and replacement of the CMF with a more efficient filtration system.  Due to space 
limitations, construction of a new WTP would likely require the existing WTP to be demolished 
either concurrently with or prior to the new plant construction which could result in an extended 
period (a few months or more) with no means to treat water.     
 
Replacing the existing WTP with a new WTP is rated high for effectiveness since construction of a 
new properly designed WTP could meet the goal of meeting the facility effluent limits while reducing 
O&M requirements on a consistent basis.  Implementability is rated as low since there is insufficient 
land to build a new WTP without first demolishing the existing WTP, leaving no means to treat the 
source flows during the new WTP construction period.  Relative cost is rated high since construction 
costs would be considerable (estimated at $3,000,000) including demolition of the existing WTP.  
The ratings result in an overall score of 5 out of a maximum potential score of 9 (Table 2-2).   
 

2.2.2 Modify Existing WTP 

This option includes modifying the existing WTP to address current operational difficulties and 
reduce O&M costs, while promoting long-term compliance with effluent limits. Potential 
modifications designed to address the current sludge handling and CMF plugging issues are similar to 
measures outlined for a new WTP and include:  addition of a sludge thickener tank to facilitate sludge 
handling; addition of one or more clarifiers to improve solids removal, and/or replacement of the 
CMF skid with a more efficient, lower operating cost filter system.  A modified WTP would be 
housed within the current WTP building and would utilize as much of the existing equipment and 
infrastructure as possible to reduce capital costs.   
 
Modifying the existing WTP is rated high for effectiveness.  Significant improvements can be made 
to the WTP performance utilizing the existing equipment and infrastructure with addition of a few 
new components.  Implementability is rated as moderate since the modifications could be made with 
relatively minor or no disruption to the WTP operations.  Relative cost is rated moderate ($600,000 to 
$1.36 million, depending on modification details), which is significantly less expensive than 
construction of a new WTP.  The ratings result in an overall score of 7, but could be as high as 9 
depending on specific details of the design as described in Section 3. 
 

2.2.3 Dewatering Wells Peripheral to the Mine Workings 

This option includes intercepting clean bedrock or alluvial groundwater in the Upper Mike Horse 
Drainage area to reduce inflow to the Mike Horse mine workings.  As discussed in Section 1.1.3, 
inflow to the mine workings is believed to occur largely where the 200 Level workings cross beneath 
Mike Horse Creek in Upper Mike Horse drainage (Figure 1-4), and Section 1.1.5 describes shallow 
groundwater diversion measures implemented in the Upper Mike Horse Drainage in 2016 to reduce 
inflow to the mine workings.  Further interception and diversion of clean groundwater currently 
recharging the mine workings would have a direct effect on the Mike Horse Adit discharge rate.  The 
groundwater could be intercepted with vertical pumping wells completed in Upper Mike Horse 
drainage, or possibly by gravity drainage through one or more horizontal wells (Figure 2-1).  The 
merits and potential costs from such actions are discussed further in Section 3.   
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1 Replace existing WTP with new WTP High (3) Low (1) High (1) 5 No

3 Modify Existing WTP to increase capacity to design 
flow rate High (3) Moderate (2) Moderate (2) 7 Yes

6 Dewatering Wells in Bedrock Peripheral to Workings Moderate (2) Moderate (2) Moderate (2) 6 Yes

7
Identify Potential Conduits for Surface Flow Into Mine 
Workings Low (1) Low (1) Moderate (2) 4 No

8 Pump from Deeper Workings to Increase Mine 
Storage Capacity Moderate (2) Moderate (2) Low (3) 7 Yes

Water Treatment Options

Option \ Screening Criteria

Water Management Options

TABLE 2-2. RETAINED OPTIONS SCREENING MATRIX
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Interception and diversion of clean groundwater from outside of the mine workings is rated moderate 
for effectiveness and implementability.  As with all of the water management/source control options, 
although the potential exists for reducing year-round or seasonal flows from the Mike Horse Adit, 
more testing and evaluation would be required to further assess both the effectiveness and 
implementability of these options.  The relative cost is rated as moderate based on an estimated cost 
(+50/-30) of $100,000 for additional evaluation/field testing and $500,000 for implementation.  The 
ratings result in an overall score of 6 for this option of a maximum potential score of 9 (Table 2-2).   
 

2.2.4 Identify and Plug Potential Surface Conduits 

Prior to the Mike Horse Adit discharge being controlled through construction of the flow-through 
plug in 1995, the adit discharge showed significant seasonal fluctuation with spring season flows of 
120 gpm or more and winter rates of 30 gpm or less.  The rapid and significant increase in springtime 
adit flows suggests a close hydrologic connection between the mine workings and the spring season 
rainfall/snowmelt.  This option includes identifying and plugging potential conduits that could convey 
surficial rainfall and snowmelt directly into the mine workings.   
 
A number of potential conduits have been identified in the past including two subsidence features on 
the Hog All mining claim in upper Mike Horse drainage, an exploration trench along the Mike Horse 
Vein on the ridge west of the Mike Horse Drainage, and the shallow 100 level workings uphill (west) 
of the 200 Level adits (Figure 2-1).  Various field reconnaissance and evaluations have proven 
inconclusive regarding the role of these and other features on inflow to the Mike Horse mine 
workings.  More detailed evaluations could be conducted such as geophysical testing and/or tracer 
testing to better assess the presence of potential direct flowpaths to the workings and the benefits of 
plugging such conduits.   
 
The potential for surface (or shallow) conduits promoting recharge to the mine workings has  
been assessed in the past with little or no indication that such features contribute significantly to  
mine recharge.  As discuss in Section 1.1.3, a 1994 inspection of the mine workings and other 
investigations suggest that the majority of inflow to the workings occurs in the extreme southern 
portion of the workings where the workings cross beneath Mike Horse Creek (Figure 1-4), and not 
from potential conduits as shown on Figure 2-1.  For these reasons, identifying and plugging potential 
conduits is rated low for effectiveness.  Implementability is also rated low due to difficult access to 
potential conduits due to the steep forested terrain.  Although a reliable cost estimate cannot be 
presented at this time due to a lack of detail, the relative cost is rated moderate compared to the other 
retained options.  The ratings result in an overall score of 4 for this option.   
 

2.2.5 Pump from Deeper Mine Workings to Increase Storage Capacity 

As described in Section 1.1, the Mike Horse mine workings include multiple vertical levels from the 
100 Level (shallowest) to the 800 Level (deepest).  The mine drainage discharges from the 300 Level 
Adit, with the discharge rate and mine water level controlled through a concrete flow-through plug.  
This allows for some attenuation of the peak seasonal discharge rate by raising the water level within 
the workings during the high flow season.  Based on the vertical distance between the 300 Level and 



H:\Files\MTETG\10023\2018 Alternatives Analysis\Final\Revised May 2019\R19 UBMCAlternatives Final V2.docx\HLN\5/22/2019\065 

2-9 5/22/2019 1:05 PM 

200 Level adits, available storage within the mine is estimated at about seven million gallons (Figure 
1-2).       
 
This option involves drilling a well into and pumping from the deeper mine workings instead of 
discharging from the 300 Level Adit.  By discharging from the deeper workings, the mine water level 
could be drawn down below the 300 Level on a seasonal basis to provide additional storage capacity 
within the workings.  The additional storage capacity could be used to further attenuate the higher 
spring season flows and/or store water so the WTP can be shut down for extended periods if desired.  
There is potential that water pumped from the deeper mine workings may be of better quality than the 
current 300 Level Adit discharge, although the pumped water would still require treatment at the 
WTP.  This option would provide the WTP with consistent flows and water quality which would 
greatly simplify operation of the WTP. 
 
Figure 2-1 shows one potential drilling location to access the 600 Level workings with a vertical well.  
The depth to the 600 Level at this location is about 350 feet.  Based on the estimated volume of 400 
and 600 Level workings compared to the 300 Level workings, drawing the mine water level down to 
the 600 Level could provide an additional 10 to 15 million gallons of storage capacity.     
 
Completing a well into and pumping from the deeper mine workings to increase the mine storage 
capacity is rated moderate for effectiveness and implementability.  As previously noted, fully 
assessing the effectiveness of any water management option would require additional evaluation and 
detailed field testing.  The relative cost for pumping from the deeper workings is rated low compared 
to other options with an estimated cost of $100,000 for field testing and evaluation, and $250,000 for 
implementation and long-term pumping costs (not including costs for continued WTP operations).  
The ratings result in an overall score of 7 for this option. 
 
The two water treatment and three water management/source control options retained and described 
above are screened further in Section 3.  All other options were excluded from further evaluation 
based on initial logistical, regulatory or cost considerations (Table 2-1, Appendix A).   
 

2.3 SUMMARY OF ALTERNATIVES SCREENING 

Based on the screening results, modifying the existing WTP is retained for inclusion as a 
recommended alternative.  Replacement of the existing WTP with a new WTP is not retained due to 
the higher cost and extended period required for demolition/construction with no means to treat water.  
Capture and diversion of clean groundwater and pumping from the deeper mine workings are retained 
as recommended alternatives although additional testing and evaluation would be required to fully 
assess their effectiveness and implementability.  Identification and plugging of potential recharge 
conduits is not retained due to the limited reductions in the Mike Horse Adit flow anticipated based 
on the current conceptual model of mine recharge and flow (Section 1.1.3), and difficult access to the 
potential conduits.  In addition, further review of the construction completion report (CCR) 
documenting the 2016 construction activities in the Upper Mike Horse drainage (Section 1.1.5) and 
the 2019 adit discharge rates is required prior to considering other potential localized recharge 
sources.  The recommended alternatives are discussed in Section 3. 
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3.0  RECOMMENDED ALTERNATIVES  
 
Based on the screening evaluation results, it was apparent that most if not all of the evaluation goals 
can be attained solely through modifying the WTP equipment and operations, without any water 
management measures.  However, implementation of some water management action(s) has the 
potential to reduce water treatment requirements and costs, resulting in long-term savings.  Therefore, 
although the recommended alternatives presented below focus on modification of the WTP design 
and operations based on the current source characteristics, two potential water management options 
are retained from the screening evaluation for consideration of further evaluation and implementation 
if warranted.   
 

3.1 WATER TREATMENT ALTERNATIVES 

The recommended alternative for the WTP is Option 3 from Table 2-2, Modify Existing WTP. Based 
on the screening level evaluation, modifying the existing WTP represents the most cost effective and 
logistically practical option for increasing the WTP capacity and reducing O&M costs.  Three 
versions of the recommended alternative are described.  Alternative 1 includes addition of a sludge 
thickener tank and retains the CMF skid and other existing equipment and infrastructure.  Alternative 
2 includes addition of the sludge thickener plus addition of two lamellae plate clarifiers for improved 
solids removal.  Alternative 3 includes the sludge thickener and clarifiers, and replaces the existing 
CMF with a new ultrafiltration (UF) unit.  All three alternatives are designed to be implemented 
individually, or can be implemented in phases if desired.  Following are descriptions of the design 
flow rate for the modified WTP; process descriptions for each alternative including discussions of 
kinetics, hydraulics, chemical consumption, equipment sizing and selection, sludge management; and 
cost estimates at a ±20% level.  A comparison of operational costs for the three alternatives and the 
existing WTP are also presented to assess the return on investment period.    
 

3.1.1 Design Flows Rates  

The first step in designing any WTP modifications is to determine the optimum design flowrate to 
minimize capital and O&M costs, maximize operational flexibility, and ensure long-term compliance 
with effluent limits.  Figure 3-1 shows historical recorded flows for the Mike Horse Adit, the 
Anaconda Adit, and WTP effluent with peak flows generally occurring April through June.  As 
previously noted, the average monthly flow of 190 gpm recorded in June 2018 required extraordinary 
efforts to operate the WTP within the effluent limits and resulted in increased O&M costs.  In order to 
support the preliminary alternatives designs, a water balance of the WTP and source flows was 
completed to determine the optimum WTP design flowrate that minimizes capital and long-term 
O&M costs, while ensuring long-term compliance with effluent limits.  The water balance optimizes 
the use of all available storage including six million gallons in the Mike Horse Adit (less than the 
estimated seven million gallon capacity for conservatism) and 840,000 gallons in Cell 5.  The 
970,000 gallons of storage available in Cell 7 was included in the water balance but was only required 
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during extreme high flow events.  The water balance consists of a spreadsheet model utilizing 
monthly average flows recorded for the Mike Horse Adit, Anaconda Adit, and WTP for the past ten 
years; the model spreadsheet and a description of the model design and calculations are included in 
Appendix B.   
 
Based on the historic flow data and available storage capacity within the Mike Horse mine workings, 
Cell 5 and Cell 7, the water balance results show that the existing WTP with one or more of the 
modifications recommended in Section 3.1.2 can provide adequate retention time and treatment to 
consistently meet the required effluent limits at a design flow capacity of 140 gpm.  Therefore, 140 
gpm is used for the design capacity for the recommended alternatives preliminary designs and cost 
estimating.  
 
Current WTP operations during the winter months include shutting down the WTP for two weeks 
while the Mike Horse Adit water is stored within the workings and the Anaconda Adit discharge 
diverted to Cell 5, and then operating the WTP for one week to process the stored water.  This 
schedule requires maintaining access and WTP operations throughout the winter.  Based on the water 
balance analysis, the modified WTP could be shut down for approximately four months (November 
through February) each year at the design capacity of 140 gpm and more efficient utilization of the 
available storage.  Shutting down continuously during the winter would significantly reduce O&M 
costs since the need for heat, electricity, snow removal and labor would be minimal.  Under this 
scenario, the WTP would be operated from March through October to treat the stored water plus the 
continuous source inflow rates.  Monitoring of the winter snowpack and mine pool level could be 
used to help determine the appropriate spring startup date each year with earlier startups scheduled if 
high snowpack conditions warrant (see Hydrometrics, 2013). 
 
Based on these evaluations, it was determined that a WTP flowrate of 140 gpm provides the optimum 
balance between capital costs and operational flexibility and costs while ensuring the ability of the 
WTP to consistently meet effluent limits.  This flowrate was used to size the proposed equipment for 
the modified WTP.  Under this scenario, all equipment used in the upstream half of the WTP 
including the pumps, tanks, mixers, controls, valves, piping, reagent feed systems, etc., as well as the 
final pH adjust tank with reagent feed systems and the filter press, can be reused in the modified WTP 
to reduce capital costs.   
 

3.1.2 Water Treatment Plant (WTP) Modification Alternatives  

As described in Section 3, modification of the existing WTP is recommended as the most cost 
effective means to attain the project goals; consistently meet effluent limits and reduce long-term 
O&M costs.  Figure 1-7 shows the general arrangement of the existing WTP including major 
equipment locations and process flow paths for water and sludge processes.  Based on past 
performance, two main factors are responsible for the majority of operational issues and costs; sludge 
handling and management, and required frequent cleaning of the CMF skid.  To date, sludge resulting 
from the metals precipitation process accumulates either in two sludge storage tanks and/or in the 
lined Cell 7.  Both options require considerable handling of the sludge prior to processing through the 
facility filter press and the low solids content of the settled sludge results in long filter press filling 
times (approximately 12 hours compared to the 2-3 hours typically required for properly settled 
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sludge) further increasing the time and cost required for sludge processing.  The second issue, 
frequent plugging of the CMF results from incomplete solids removal upstream of the CMF as well as 
other characteristics of the treatment stream chemistry.  In response, the recommended WTP 
modifications focus on addressing these two operational issues, while retaining the majority of the 
existing WTP equipment and infrastructure to reduce costs.   
 
Three alternatives for modifying the existing WTP are presented to address current operational issues.  
Each alternative includes incorporation of one or more new components to the WTP as follows: 
 

 Alternative 1:  Addition of a sludge thickener; 
 

 Alternative 2:  Addition of lamellae clarifiers and sludge thickener; and 
 

 Alternative 3: Addition of lamellae clarifiers, sludge thickener and replacing the CMF with 
an ultrafiltration (UF) system.   

 
The alternatives are prioritized from simplest and least expensive, to more complex and expensive.  
They are also arranged to allow for phased implementation where the sludge thickener alone can be 
added and lamellae clarifiers added at a later date, and finally the CMF replaced with a UF skid, if 
deemed necessary.  This approach is intended to provide the most flexible and cost effective approach 
to the WTP modification.  The proposed process modifications utilize the same chemical precipitation 
process used in the current system, and maximize reuse of existing equipment (i.e., the Feed Tank, 
Neutralization Tanks #1 and #2, Concentration Tank, pH Adjust Tank, filter press, etc.) to save on 
capital costs.  Minor modifications would be required to one of the existing sludge handling tanks 
under all three alternatives to maintain the current 65-minute retention time in the existing tanks for 
complete precipitation reactions to occur at the increased WTP design capacity.  The water treatment 
alternatives are described below.   
 

3.1.2.1 Alternative 1 – Addition of Sludge Thickener  

This alternative includes the addition of a sludge thickener to facilitate solids handling, increase the 
efficiency of the filter press, and reduce solids loading to the CMF, thereby reducing required 
cleaning and maintenance of the CMF.  The thickener would be sited outside the main WTP building 
in a separate enclosed building to minimize disruptions to WTP operations during construction and to 
maximize available space within the main building for any potential future modifications.  Figures  
C-1 and C-2, Appendix C, show the process flow diagram and general plant arrangement for this 
alternative.   
 
As previously noted, one of the limiting factors in the current WTP operations is frequent plugging of 
the CMF due to excessive solids loading from insufficient hydraulic retention times at higher flow 
rates.  To remedy this, one of the existing sludge holding tanks will be converted to an additional 
reaction tank to provide the reaction times required for chemical kinetics.  The existing feed pumps 
will provide flow to this new reaction tank and also provide mixing within the tank.  The tank will 
gravity overflow to the existing Neutralization Tank #1.  Mixing within the tank will be by tangential 
jets located on the cone surface on the bottom of the tank.  The water jets will impart sufficient 
energy to mix the tank contents without solids separation or deposition.  The use of the sludge 
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holding tank will increase the hydraulic retention time by approximately 40 minutes at 140 gpm 
process flow rate allowing for more complete chemical reactions and solids maturation. 
 
Blowdown from the existing CMF unit will feed the thickener (Figure C-1).  Operations have shown 
that reducing the concentrations of solids in the concentration tank circuit allows for higher 
throughputs and longer intervals between cleaning of the CMF units.  Increasing the blowdown rate 
from 20 gpm up to 150 gpm (hydraulic capacity of thickener) from the CMF process return stream 
and sending it to the thickener will reduce the solids in the CMF system to a more manageable level.  
The volume of blowdown will be offset by the return of clarified overflow from the thickener.  At 
these process rates, it is anticipated that the CMF units can operate at approximately 140 gpm with 
longer intervals between cleanings. 
 
The sludge thickener selected is sized to accommodate up to 2,000 pounds per day of dry solids and a 
maximum hydraulic capacity of 150 gpm.  Based on settling test results, a calculated 16-foot diameter 
thickener is needed for solids capture; however, a 20-foot diameter unit was selected to account for 
upsets and expansion.  The design of the thickener assumes a feed rate of 40 gpm with less than 1% 
solids and a thickened sludge of 10% solids going to the filter press.  Clarified overflow from the 
thickener will be routed back to the CMF Concentration Tank.  
 
Siting of the thickener will be just north of the existing WTP building.  Due to cold weather 
operations, the thickener will require housing within a building to prevent freezing and environmental 
effects on the unit.  The building will have a 25-ft x 30-ft footprint and have a 30-foot roof peak.  The 
additional height is necessary for constructability and maintenance of the internal components (rake, 
drive unit, and bridge). 
 
The main advantages of this alternative are a reduction in operational manpower time due to passive 
thickener operations, as sludge tanks and Cell 7 will not be utilized for sludge handling, and continual 
checks on the tanks will not be necessary.  Additionally, the time required to process sludge will be 
reduced considerably, from the current 12 hours to two to three hours with the thickener.  
 
While there may be minor increases in WTP throughput by extending CMF operations between 
cleanings, the plant will operate at 140 gpm, well below the maximum 200 gpm seen in previous 
years’ operations.  In order to increase the CMF process rate, Alternative 1 includes adding an 
additional CMF unit to the existing skid (due to space constraints, only one unit can be added).  The 
majority of parts required for the new unit are currently on site with only a new back pulse cylinder 
and some fittings needed.  The additional CMF unit would increase the maximum WTP flow rate for 
Alternative 1 to about 165 gpm during higher flow periods.    
 

3.1.2.2 Alternative 2 – Addition of Sludge Thickener and Lamellae Clarifiers  

This alternative includes all the proposed aspects discussed in Alternative #1 as well as the addition 
of two horizontal plate clarifiers to the unit process.  The clarifiers will further control suspended 
solids prior to the CMF filtration units.  Two clarifiers are proposed to reduce the flow and solids 
loading through each unit thereby increasing solids removal, to facilitate handling of unanticipated 
higher short-term flows, and to provide a backup when one unit is taken off line for repairs or 
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maintenance.  Figures C-3 and C-4, Appendix C, present the process flow diagram and general WTP 
arrangement for this alternative.  
 
The proposed clarifiers do not exceed the existing height requirements for hydraulic gradients and 
gravity flow within the process.  The clarifiers are nominal 70 gpm units with a maximum hydraulic 
capacity for each unit is 200 gpm.  Based on manufacturer’s information, doubling the process flow 
rate to the units from the nominal 70 gpm rating decreases the capture efficiency by 20%.   
 
The clarifiers would receive flow from the reaction tanks and pass clarified water to the existing CMF 
Concentration Tank.  Sludge from the clarifiers would go to the sludge thickener which would 
operate as previously described with overflow reporting to the Concentration Tank and thickened 
solids being processed through the filter press.  The rationale for this design is that if all or most of 
the solids are removed prior to the CMF unit, the return flow to the Concentration Tank will also 
contain virtually no solids.  With fewer solids to plug the CMF filters, maximum throughput could be 
achieved.  If solids are present in the CMF return flow a bleed stream (as described in Alternative #1) 
will be used to control the solids.  With a reduced solids load feeding the CMF units, backpressure to 
the units could be increased resulting in increased flow rates through the units.  However, careful 
considerations must be made to balance backpressure, process flow rates, and cleaning schedules to 
maximize the throughput of the units.  With the installation of the clarifiers, a 10-20 gpm increase in 
total plant flow may be achieved through the existing CMF units.  As with Alternative 1, Alternative 
2 includes adding an additional unit to the CMF skid, giving Alternative 2 a maximum flow capacity 
of about 180 gpm during higher flow periods.  Similar to Alternative 1, the additional CMF unit 
would be comprised primarily of spare parts currently available on site.  
 
Benefits to this alternative include all the sludge handling improvements included in the previous 
alternative plus a slight increase in throughput.  However, this alternative includes the continued use 
of existing CMF units.  Although the CMF cleaning schedule should be extended with limited solids 
in the CMF feed stream, higher O&M costs for the CMF units remain and affect the overall costs for 
the WTP. 
 

3.1.2.3 Alternative 3 – Addition of Sludge Thickener, Lamellae Clarifiers, and Ultrafiltration 

This alternative includes all the proposed aspects discussed under Alternative #2, but would replace 
the existing CMF skid with a (UF) unit.  Figures C-4 and C-5, Appendix C, show the process flow 
diagram and general arrangement of this alternative.  
 
UF is a membrane filtration unit in contrast to the ceramic filters in the CMF unit.  Filtrate from the 
UF goes to the final pH Adjustment Tank while blowdown from the UF unit strips solids from the 
membrane surface and is sent back to the first reaction vessel.  The UF system is an efficient system 
that can process between 70 and 350 gpm, at 95% recovery rates.  The UF system is completely 
automated and self-cleans without shutdown.  The unit is modular which simplifies installation and is 
constructed from polyvinyl chloride (PVC) plastic so expensive stainless steel replacement parts are 
not necessary.  The total horsepower requirement for the UF skid is 30 horse power (HP), a 
significant reduction when compared with the 75 HP required by the CMF skid.  Chemical 
consumption is also reduced with the UF unit compared with the CMF unit due to the reduced need 



H:\Files\MTETG\10023\2018 Alternatives Analysis\Final\Revised May 2019\R19 UBMCAlternatives Final V2.docx\HLN\5/22/2019\065 

3-7 5/22/2019 1:05 PM 

for chemical cleaning.  In summary, the UF provides higher throughput and more efficient filtration 
while decreasing O&M costs when compared with the existing CMF system. 
 
In evaluating Alternative 3, the expected lifespan of the current CMF skid and operational 
requirements of the CMF compared to the UF should be considered.  With the four stainless steel 
housings and other spare parts currently on site, the CMF skid is expected to be operational for 
another 5 to 10 years before major replacement is required (minor equipment costs for maintaining 
the CMF for 5 to 10 years are included in the Alternative 1 and 2 costs in Section 3.1.3).  At that time, 
replacement of the CMF skid is estimated to cost approximately $750k based on the initial CMF cost.   
 
Regarding O&M requirements, various CMF components and operational issues, such as controlling 
filtrate turbidity and back pressure/throughput capacity, require near constant attention of a technical 
nature.  These activities have to be balanced with scheduled cleaning and maintenance while 
maintaining WTP operations.  Furthermore, the CMF piping and fittings are stainless steel meaning 
replacement and maintenance typically requires machining and/or welding.  Routine maintenance and 
cleaning of the CMF requires the entire WTP to be shut down since the CMF cleaning is not 
automated.  Conversely, the UF system is a compact skid with all components constructed of PVC 
materials eliminating the need for machining and welding of replacement parts, and system cleaning 
is automated.  Therefore, replacing the CMF with the UF would not only reduce O&M costs, but 
would also simplify overall WTP operations reducing the required technical expertise and increasing 
the pool of perspective operators in the future.  
 
Figure C-6, Appendix C, shows the hydraulic grade lines or water levels through the treatment circuit 
for each alternative.  The optimum flow rate (200 gpm) accounts for internal recycle streams for use 
in hydraulic retention time calculations.  The hydraulic grade shows that the process piping will 
convey the maximum flow rate without backup or overflowing of process tanks.  This allows for 
gravity flow through the system without additional pumps, and a maximum flow rate of 200 gpm 
during higher flow periods.  
 
3.1.3 Estimated Alternatives Costs 

A cost analysis was performed to compare costs for the three alternatives.  The analysis includes a 
comparison of capital expenditures (including equipment and installations costs) and operation 
expenditures (including labor, chemicals, replacement parts, maintenance, etc.).  First, budgetary 
capital costs were developed for each alternative.  These costs include equipment purchase prices and 
shipping, demolition, installation costs (concrete, steel, piping, valves, instrumentation, electrical,  
and labor costs), engineering costs and a 15% contingency.  Contractor costs (mobilization / 
demobilization) have been included in these estimates as 10% of the project cost.  These costs have 
been developed to provide an estimated ±20% range.  Capital expenditures are summarized in Table 
3-1 and a detailed cost breakdown is included in Appendix D.  Costs to purchase and install 
equipment for Alternative 1 total $638,800, for Alternative 2 $989,300, and Alternative 3 $1,368,300.  
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TABLE 3-1. ESTIMATED CAPITAL COST OF PROPOSED ALTERNATIVES 

 
 Alternative 1 

Sludge 
Thickener 

Alternative 2 
Sludge Thickener 

and Clarifiers 

Alternative 3 
Sludge Thickener, 
Clarifiers and UF 

Equipment Costs (including purchase,  
installation, and controls) 

$489,500 $736,300 $1,008,000 

Detailed Engineering, Bid Documents and 
Specifications 

$17,800 $42,000 $67,500 

Contractor Fees $48,200 $75,300 $107,600 
Rental Equipment (clarifier and filtration 
skids), if needed 

$0 $6,700 $6,700 

Subtotal $555,500 $860,300 $1,189,800 
Contingency (15%) $83,300 $129,000 $178,500 

Total $638,800 $989,300 $1,368,300 

 

Next, the O&M costs were estimated for the three alternatives.  First, the average O&M costs for the 
existing system were calculated based on actual billing totals for the last four years (2015 through 
September 2018).  A percent reduction in O&M costs for each alternative was then estimated.  For 
Alternative 1 (sludge thickener), these reductions are a result of the reduced sludge handling and 
processing time requirements and some reduced solids loading to the CMF requiring less frequent 
CMF cleaning.  Less frequent cleanings (every other day during high flow operation to biweekly) 
result in lower chemical and labor costs as well as reduced wear on the stainless steel components 
corroded by the acid wash.  For the Alternative 2 (sludge thickener plus lamellae clarifiers), these 
reductions are the result of greatly reduced solids loading to the CMF resulting in a further reduction 
in cleaning costs.  For Alternative 3 (sludge thickener, clarifiers, and UF), cost reductions are due to 
replacing expensive stainless steel components with PVC components and a fully automated cleaning 
system that reduces chemical and labor costs.  Additionally, the lower horsepower pump required in 
Alternative 3 result in lower electrical costs.  In all cases, there are also cost reductions due to winter 
shutdown as well as elimination of the cartridge filter system.  Table 3-2 shows a summary of the 
projected annual O&M costs as described above.  Detailed costs are included in Appendix D. 
 
Once O&M costs were determined, a cost-benefit analysis was performed to show how capital 
expenditures can be balanced out with savings in operation expenditures over time (Table 3-3).  First, 
O&M costs for the existing WTP were projected over 30 years with an average annual inflation rate 
of 2.5%.  Next, total capital costs plus projected O&M costs for each recommended alternative were 
calculated over 30 years and compared to the projected operational costs for the existing WTP.  As 
shown in the bottom row in Table 3-3, estimated projected cost savings over 30 years for each 
alternative include; $2,442,000  for Alternative 1, $3,698,000  for Alternative 2, and $5,652,000 for 
Alternative 3.  Also shown in Table 3-3 is the breakeven point for each alternative where the 
cumulative annual O&M savings exceed the alternative capital cost.  The breakeven points for 
Alternatives 1, 2, and 3 are year 9, year 9, and year 8, respectively.  Thus, capital costs for all three 
alternatives would be recouped in less than 10 years through reduced operational costs.   
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TABLE 3-2. ESTIMATED ANNUAL O&M COST OF PROPOSED ALTERNATIVES  

 

 
Existing 
System 

Alternative 1 
Sludge 

Thickener 

Alternative 2 
Sludge Thickener/ 

Clarifiers 

Alternative 3 
Sludge Thickener/ 

Clarifiers/UF 

MDEQ Expenses $15,400 $15,400 $15,400 $15,400 
Materials, Supplies & 
Chemicals 

$115,800 $109,900 $104,000 $96,000 

Operating Labor $218,300 $202,000 $185,600 $161,100 
Other Professional Services $22,000 $22,000 $22,000 $22,000 
Analytical Expenses $14,800 $14,800 $14,800 $14,800 
Utilities $77,000 $66,200 $66,200 $63,800 

Maintenance, Repairs and 
Special Projects 

$144,500 $107,300 $92,900 $74,600 

Total $607,800 $537,600 $500,900 $447,700 

 

As a final evaluation of relative costs, the net present value (NPV) of each alternative is shown in 
Table 3-4.  The NPV shows the current equivalent cost assuming a 2% rate of return on current 
principal; in effect, the interest gained on principal offsets a portion of the future costs of WTP 
construction and operation.  As shown in Table 3-4, the NPV for operating the existing WTP, 
Alternative 1, Alternative 2 and Alternative 3 over 30 years are $19.20 million, $17.61 million, 
$16.80 million and $15.49 million, respectively.  These values represent the current funds required to 
construct and operate the various WTP alternatives at a 2% return on capital, and can be used for 
long-term budgeting purposes.  Also shown in Table 3-4 is the year that the currently available WTP 
operating funds, approximately $3.4 million, will be depleted.  The analysis shows that the current 
funds will be depleted in six years for the existing WTP and Alternative 1, and five years for 
Alternatives 2 and 3.    
 
At the request of MDEQ, the effects of implementing Alternative 2 in Year 1 and delaying 
incorporation of the UF skid for 5 to 10 years was evaluated.  Delaying full implementation of 
Alternative 3 (the UF skid) would result in increased costs over the 30 year evaluation period due to 
increase O&M costs as compared to full implementation of Alternative 3 in Year 1.  As shown in 
Table 3-5, implementing Alternative 2 in Year 1 and delaying inclusion of the UF skid for 5 or 10 
years would increase overall costs (capital and O&M costs) by about $270,000 and $550,000, 
respectively. 
  



Capital Expenditures: $638,800 Capital Expenditures: $989,300 Capital Expenditures: $1,368,300

Year

Projected 
O&M Costs*

Accumulated 
O&M Cost

Projected 
O&M Costs*

Accumulated 
O&M Cost

Cost          
Savings

Projected 
O&M Costs*

Accumulated 
O&M Cost

Cost          
Savings

Projected 
O&M Costs*

Accumulated 
O&M Cost

Cost          
Savings

1 $607,688 $607,688 $537,513 $537,513 $70,175 $500,914 $500,914 $106,774 $447,775 $447,775 $159,913
2 $622,880 $1,230,568 $550,951 $1,088,463 $142,105 $513,437 $1,014,350 $216,218 $458,969 $906,744 $323,824
3 $638,452 $1,869,020 $564,724 $1,653,188 $215,832 $526,273 $1,540,623 $328,397 $470,443 $1,377,188 $491,833
4 $654,413 $2,523,434 $578,843 $2,232,030 $291,403 $539,429 $2,080,052 $443,381 $482,205 $1,859,392 $664,042
5 $670,774 $3,194,208 $593,314 $2,825,344 $368,864 $552,915 $2,632,967 $561,240 $494,260 $2,353,652 $840,556
6 $687,543 $3,881,751 $608,146 $3,433,490 $448,260 $566,738 $3,199,705 $682,045 $506,616 $2,860,268 $1,021,483
7 $704,732 $4,586,482 $623,350 $4,056,840 $529,642 $580,906 $3,780,612 $805,871 $519,282 $3,379,550 $1,206,933
8 $722,350 $5,308,832 $638,934 $4,695,774 $613,058 $595,429 $4,376,041 $932,792 $532,264 $3,911,813 $1,397,019
9 $740,409 $6,049,241 $654,907 $5,350,681 $698,560 $610,315 $4,986,356 $1,062,886 $545,570 $4,457,383 $1,591,858

10 $758,919 $6,808,160 $671,280 $6,021,961 $786,199 $625,573 $5,611,928 $1,196,232 $559,209 $5,016,593 $1,791,568
11 $777,892 $7,586,052 $688,062 $6,710,023 $876,029 $641,212 $6,253,140 $1,332,912 $573,190 $5,589,782 $1,996,270
12 $797,339 $8,383,391 $705,263 $7,415,286 $968,105 $657,242 $6,910,383 $1,473,009 $587,519 $6,177,302 $2,206,090
13 $817,273 $9,200,664 $722,895 $8,138,181 $1,062,483 $673,673 $7,584,056 $1,616,608 $602,207 $6,779,509 $2,421,155
14 $837,705 $10,038,369 $740,967 $8,879,149 $1,159,220 $690,515 $8,274,571 $1,763,798 $617,263 $7,396,772 $2,641,597
15 $858,647 $10,897,016 $759,492 $9,638,640 $1,258,376 $707,778 $8,982,349 $1,914,667 $632,694 $8,029,466 $2,867,550
16 $880,113 $11,777,129 $778,479 $10,417,119 $1,360,010 $725,473 $9,707,822 $2,069,308 $648,512 $8,677,978 $3,099,152
17 $902,116 $12,679,246 $797,941 $11,215,060 $1,464,186 $743,609 $10,451,431 $2,227,815 $664,724 $9,342,702 $3,336,544
18 $924,669 $13,603,915 $817,889 $12,032,949 $1,570,966 $762,200 $11,213,630 $2,390,284 $681,342 $10,024,044 $3,579,870
19 $947,786 $14,551,700 $838,337 $12,871,286 $1,680,415 $781,255 $11,994,885 $2,556,815 $698,376 $10,722,420 $3,829,280
20 $971,480 $15,523,181 $859,295 $13,730,581 $1,792,600 $800,786 $12,795,671 $2,727,510 $715,835 $11,438,256 $4,084,925
21 $995,767 $16,518,948 $880,777 $14,611,358 $1,907,591 $820,806 $13,616,476 $2,902,472 $733,731 $12,171,987 $4,346,962
22 $1,020,662 $17,539,610 $902,797 $15,514,155 $2,025,455 $841,326 $14,457,802 $3,081,808 $752,075 $12,924,061 $4,615,549
23 $1,046,178 $18,585,788 $925,367 $16,439,521 $2,146,267 $862,359 $15,320,161 $3,265,627 $770,876 $13,694,938 $4,890,851
24 $1,072,333 $19,658,121 $948,501 $17,388,022 $2,270,099 $883,918 $16,204,079 $3,454,042 $790,148 $14,485,086 $5,173,035
25 $1,099,141 $20,757,262 $972,213 $18,360,236 $2,397,026 $906,016 $17,110,094 $3,647,168 $809,902 $15,294,988 $5,462,274
26 $1,126,620 $21,883,882 $996,519 $19,356,754 $2,527,127 $928,666 $18,038,761 $3,845,121 $830,150 $16,125,138 $5,758,744
27 $1,154,785 $23,038,667 $1,021,432 $20,378,186 $2,660,481 $951,883 $18,990,643 $4,048,023 $850,903 $16,976,041 $6,062,626
28 $1,183,655 $24,222,321 $1,046,967 $21,425,153 $2,797,168 $975,680 $19,966,323 $4,255,998 $872,176 $17,848,217 $6,374,104
29 $1,213,246 $25,435,567 $1,073,142 $22,498,295 $2,937,272 $1,000,072 $20,966,395 $4,469,172 $893,980 $18,742,197 $6,693,370
30 $1,243,577 $26,679,144 $1,099,970 $23,598,265 $3,080,879 $1,025,074 $21,991,469 $4,687,675 $916,330 $19,658,527 $7,020,617

30 Year Project Capital plus O&M Cost/Savings $24,237,065 $2,442,079 $22,980,769 $3,698,375 $21,026,827 $5,652,317

*With 2.5% Annual Inflation: 2.5% (Average annual inflation rate over last 30 years per StatBureau.org)
Break Even Year

Alternative 2 - Thickener + Clarifiers Alternative 3 - Thickener + Clarifiers + UFExisting System O&M Costs

TABLE 3-3.  WATER TREATMENT PLANT ALTERNATIVES COST-BENEFIT ANALYSIS

No capital expenditures
Alternative 1 - Thickener Only

K:\project\10023\2018 Alternatives Analysis\Report\revised tables\Copy of Copy of Cost Comparison 2.xlsx/Table 3‐3 Comparison\HLN\01/08/19\065 5/22/2019 11:21 AM
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TABLE 3-4. WATER TREATMENT PLANT ALTERNATIVES                                                  

NET PRESENT VALUE COMPARISON 

 

 

 

  

Year

1 $607,688 $1,176,313 $1,490,214 $1,816,075

2 $1,194,465 $1,682,804 $1,954,493 $2,221,612

3 $1,796,093 $2,214,957 $2,450,412 $2,664,922

4 $2,400,670 $2,749,718 $2,948,761 $3,110,404

5 $3,008,211 $3,287,100 $3,449,553 $3,558,071

6 $3,618,729 $3,827,117 $3,952,800 $4,007,931

7 $4,232,241 $4,369,781 $4,458,514 $4,459,997

8 $4,848,759 $4,915,104 $4,966,707 $4,914,279

9 $5,468,300 $5,463,101 $5,477,391 $5,370,788

10 $6,090,878 $6,013,785 $5,990,579 $5,829,534

11 $6,716,508 $6,567,167 $6,506,282 $6,290,529

12 $7,345,205 $7,123,263 $7,024,513 $6,753,784

13 $7,976,983 $7,682,084 $7,545,284 $7,219,310

14 $8,611,858 $8,243,645 $8,068,608 $7,687,118

15 $9,249,846 $8,807,958 $8,594,498 $8,157,219

16 $9,890,961 $9,375,038 $9,122,965 $8,629,625

17 $10,535,218 $9,944,897 $9,654,023 $9,104,346

18 $11,182,634 $10,517,550 $10,187,684 $9,581,394

19 $11,833,223 $11,093,010 $10,723,962 $10,060,781

20 $12,487,002 $11,671,291 $11,262,868 $10,542,518

21 $13,143,985 $12,252,406 $11,804,415 $11,026,616

22 $13,804,189 $12,836,371 $12,348,618 $11,513,087

23 $14,467,629 $13,423,197 $12,895,487 $12,001,943

24 $15,134,321 $14,012,901 $13,445,038 $12,493,195

25 $15,804,282 $14,605,495 $13,997,283 $12,986,855

26 $16,477,526 $15,200,994 $14,552,234 $13,482,936

27 $17,154,071 $15,799,412 $15,109,906 $13,981,448

28 $17,833,932 $16,400,763 $15,670,312 $14,482,403

29 $18,517,126 $17,005,062 $16,233,465 $14,985,814

30 $19,203,669 $17,612,324 $16,799,378 $15,491,693

2.0% (Source:  METG)

Year current funds ($3.4  million) depleted

NPV Return Rate:

Existing System Alternative 1  Alternative 2 Alternative 3  
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TABLE 3-5. COMPARATIVE COST INCREASE FOR                                                      

DELAYING REPLACEMENT OF CMF WITH UF  

  

Year 

Alternative 3:  
(Thickener, Clarifiers, UF) 

Alternative 3 with UF 
Delayed 5 years 

Alternative 3 with UF 
Delayed 10 years 

Annual  
Project Cost NPV 

Annual 
Project Cost NPV 

Annual 
Project Cost NPV 

1 $1,816,075 $1,816,075 $1,490,214 $1,490,214 $1,490,214 $1,490,214 
2 $458,969 $2,221,612 $513,437 $1,954,493 $513,437 $1,954,493 
3 $470,443 $2,664,922 $526,273 $2,450,412 $526,273 $2,450,412 
4 $482,205 $3,110,404 $539,429 $2,948,761 $539,429 $2,948,761 
5 $494,260 $3,558,071 $971,260 $3,828,461 $552,915 $3,449,553 
6 $506,616 $4,007,931 $506,616 $4,278,322 $566,738 $3,952,800 
7 $519,282 $4,459,997 $519,282 $4,730,388 $580,906 $4,458,514 
8 $532,264 $4,914,279 $532,264 $5,184,669 $595,429 $4,966,707 
9 $545,570 $5,370,788 $545,570 $5,641,178 $610,315 $5,477,391 

10 $559,209 $5,829,534 $559,209 $6,099,925 $1,098,892 $6,378,865 
11 $573,190 $6,290,529 $573,190 $6,560,920 $573,190 $6,839,860 
12 $587,519 $6,753,784 $587,519 $7,024,175 $587,519 $7,303,116 
13 $602,207 $7,219,310 $602,207 $7,489,701 $602,207 $7,768,641 
14 $617,263 $7,687,118 $617,263 $7,957,509 $617,263 $8,236,449 
15 $632,694 $8,157,219 $632,694 $8,427,610 $632,694 $8,706,550 
16 $648,512 $8,629,625 $648,512 $8,900,015 $648,512 $9,178,956 
17 $664,724 $9,104,346 $664,724 $9,374,737 $664,724 $9,653,677 
18 $681,342 $9,581,394 $681,342 $9,851,785 $681,342 $10,130,725 
19 $698,376 $10,060,781 $698,376 $10,331,172 $698,376 $10,610,112 
20 $715,835 $10,542,518 $715,835 $10,812,908 $715,835 $11,091,849 
21 $733,731 $11,026,616 $733,731 $11,297,006 $733,731 $11,575,947 
22 $752,075 $11,513,087 $752,075 $11,783,478 $752,075 $12,062,418 
23 $770,876 $12,001,943 $770,876 $12,272,333 $770,876 $12,551,274 
24 $790,148 $12,493,195 $790,148 $12,763,586 $790,148 $13,042,526 
25 $809,902 $12,986,855 $809,902 $13,257,246 $809,902 $13,536,186 
26 $830,150 $13,482,936 $830,150 $13,753,326 $830,150 $14,032,267 
27 $850,903 $13,981,448 $850,903 $14,251,838 $850,903 $14,530,779 
28 $872,176 $14,482,403 $872,176 $14,752,794 $872,176 $15,031,734 
29 $893,980 $14,985,814 $893,980 $15,256,205 $893,980 $15,535,146 
30 $916,330 $15,491,693 $916,330 $15,762,084 $916,330 $16,041,025 

Additional Cost with UF Installation Delayed   $270,391   $549,331 

Average Annual Inflation = 2.5%  (average annual inflation rate last 30 years from StatBureau.org) 
NPV Return Rate = 2.0%   (Source: METG) 
  Year current funds ($3.4  million) depleted 
  Year CMF replaced with UF 
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3.1.4 Water Treatment Alternatives Risk Reduction/Selection Criteria 

The capital and O&M costs presented above for the water treatment alternatives are only two of the 
criteria important for alternative selection.  Some of the other criteria include the likelihood for future 
effluent limit compliance, ability to handle unanticipated increases in flow and/or contaminant loads, 
and improvements to operator safety.  Table 3-6 scores each of the alternatives against a suite of 
criteria related to risk reduction and other selection considerations.  The criteria are weighted by 
relevance to the objectives of reducing O&M costs and promoting long-term compliance, with a 
weighting of 1 being the least and 3 being the most relevant.  Each alternative is given a score of 1 to 
3 for each criterion with 1 being the lowest and 3 being the highest score; the exception being capital 
and O&M costs where the scoring is reversed (1 being highest ranking (lowest cost) and 3 the lowest 
ranking (highest cost)).  For each alternative, the individual criterion score are multiplied by the 
criterion weight and the individual scores summed to provide the total alternative score.  The risk 
reduction/selection criteria and scoring are described below.  As previously noted, the statutory 
criteria used in selecting a remedy were already met as they pertain to use of the WTP, as it was part 
of the selected remedy in the ROD.   
 
O&M Costs:  The O&M cost criterion is given the maximum weight (3) since reducing long-term 
O&M expenses is a direct objective of the alternatives evaluation.  As shown in Table 3-2, all three 
alternatives would result in reduced O&M costs and provide long-term savings primarily due to the 
three to four month winter shutdown period achievable through improved sludge handling and water 
management.  The addition of the lamellae plate clarifiers under Alternative 2 is expected to further 
reduce O&M costs due to decreased solids loading to and plugging of the CMF, while Alternative 3 
would further reduce O&M costs and maximum long-term savings ($2.72 million over 30 years, 
Table 3-3) through replacement of the CMF with a more efficient UF system.  As a result, Alternative 
1 scores lowest (1.0) for O&M costs while Alternative 3 scores highest (3.0).  Alternative 2 scores 2.0 
based on the intermediate O&M costs and long-term savings.   
 
Capital Costs:  Short-term capital cost, including final design, planning, permitting, equipment 
procurement and construction, is weighted 2 in the scoring process.  Although an important 
consideration for alternative selection, it is not directly related to the evaluation objectives.  Similar to 
the O&M costs, scoring for the capital costs is relatively straight forward with the lowest cost 
Alternative 1 with a capital cost of $638,800 scored 3.0, Alternative 2 ($989,300) scored 2.0, and the 
highest capital cost Alternative 3 ($1.37 million) scored 1.0.  Capital costs for each alternative are 
presented in Table 3-1.   
 
Future Effluent Limit Compliance:  The likelihood for future compliance with facility effluent limits 
is given a maximum weight of 3 since it is a direct objective of the alternatives evaluation.  Although 
each alternative is expected to increase the likelihood of long-term compliance, the likelihood 
increases with the additional equipment and expenditures associated with each alternative.  
Alternative 1 would provide some increased potential for consistent compliance since the sludge 
thickener tank will provide some reduction in solids loading to the CMF (in addition to improving 
sludge handling), although Alternative 2 would provide much greater solids removal.  Alternative 3 
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TABLE 3-6. WATER TREATMENT ALTERNATIVES RISK REDUCTION/SELECTION CRITERIA ANALYSIS
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Alt 1 Add Sludge Thickener 
Tank Low 3.0 High 1.0 Low to 

Med 1.5 Med 1.0 Med 1.0 Med 1.5 High 3.0 High 1.0 Med 2.0 34.5

Alt 2 Add Sludge Thickener 
and Lamellae Clarifiers Med 2.0 Med 2.0 Med to 

High 2.5 Med to 
High 2.0 Med to 

High 2.5 Med to 
High 2.5 Med 2.0 Med 2.0 Med to 

High 2.5 47.5

Alt 3
Add Sludge Thickener, 
Lamellae Clarifiers and 
Ultrafiltration System

High 1.0 Low 3.0 High 3.0 High 3.0 High 3.0 Low 3.0 Med to 
Low 1.5 Low 3.0 High 3.0 56.0

Ability to Handle Increased Contaminant Loading - Reflects on ability of WTP to effectively treat increased contaminant load.  Better ability to manage increased contaminant loading 
results in higher score.
Potential for Process Upsets/Breakdowns - Reflects on ability of WTP to manage process upsets such as equipment failure. Lower potential results in higher score.

Minimize Operational Disruption during Construction - Reflects on the disruption of WTP operations during the construction and implementation of the WTP improvements.  Lower 
operational disruption results in higher score.
Future Equipment Replacement - Anticipates the need to replace process equipment in future. Lower potential to replace equipment results in higher score.

Safety Improvements - Reflects on overall operator safety environment, such as need to work on equipment and handle chemicals. Higher safety results in higher score.

Ability to Handle Unanticipated High Flows - Reflects on ability of WTP to effectively manage short or long-term flows higher than design flow of 140 gpm. Better ability to manage 
unanticipated higher flows results in higher score.

Capital Cost - Estimated Capex as shown in Table 3-1. Higher cost results in lower score.

O&M Cost - Estimated Opex as shown in Table 3-2. Higher cost results in lower score.

Likelihood for Future Effluent Limit Compliance - Assumes existing limits. Higher assurance reflects overall confidence in process effectiveness. Higher assurance given higher score.
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would provide the greatest assurance of long-term compliance due to the greater solids removal 
afforded by the clarifiers, and the greater efficiency of the UF compared to the CMF.  Inclusion of the 
UF would also reduce downtime associated with CMF cleaning further decreasing the potential for 
future noncompliance.  Scoring for this critical criterion includes 1.5 for Alternative 1, 2.5 for 
Alternative 2, and 3.0 for Alternative 3. 
 
Ability to Handle Unanticipated Increases in Future Flows and/or Contaminant Loads:  The ability to 
handle potential future increases in source flows and/or contaminant loads, either short or long-term, 
is an important consideration in alternative selection.  This is especially true in light of the recent 
operational issues and noncompliance events caused by the 2017 earthquake and the 2017/2018 high 
precipitation patterns.  As a result, these criteria are both given a weight of 3.  Although the lack of 
adequate sludge handling led to increased operational labor and costs, excessive flows and solids 
loading to the CMF is believed to be the primary cause of the sporadic zinc effluent limit exceedances 
during this period.  Alternative 1 would provide some ability to handle short or long-term increases in 
flow or contaminant loads, although solids loading and CMF plugging could still impede continued 
operation and compliance.  Due to the continued use of the CMF without major reductions in the 
solids loading to the CMF, Alternative 1 would be limited to a maximum sustain flow of about 165 
gpm with the additional CMF unit added.  The greater solids removal provided under Alternative 2 
would improve the system’s ability to meet unanticipated increases in flow or loads, providing a 
maximum sustainable flow of about 180 gpm with the additional CMF unit.  Alternative 3 provides 
the greatest ability to handle long-term flow or load increases by replacing the flow-limiting CMF.  
Alternative 3 would be capable of handling a sustained flow rate of about 200 gpm.  Scoring for both 
of the increased flow and contaminant load criteria include 1.0 for Alternative 1; 2.0 for Alternative 
2; and 3.0 for Alternative 3 (Table 3-6).   
 
Potential for Process Upsets/Breakdowns:  System upsets or equipment breakdowns have the 
potential to limit the WTP capacity or operation, and could lead to noncompliance with the facility 
effluent limits and other operational problems resulting in a weighting of 2.  With the WTP having 
operated since 2009, the potential for equipment failures and system upsets increases as the 
equipment ages.  For this reason, Alternative 3 represents the lowest potential for major breakdowns 
and system upsets since it includes the addition or replacement the major system components.  
Likewise, elimination of the CMF reduces the potential for future upsets resulting from CMF cleaning 
and maintenance.  For these reasons, Alternative 3 is given a score of 3.0 for this criterion.  
Alternative 2 is given a score of 2.5 since the lamellae clarifiers would eliminate much of the load and 
stress currently placed on the CMF.  Alternative 1 is scored 1.5; the limited solids removal and 
continued loading to the CMF would present a greater potential for process upset and required 
shutdowns for equipment maintenance or replacement.   
 
Operational Disruptions During Construction:  Minimizing the need to shut down WTP operations 
during implementation of any WTP modifications is an important consideration since the available 
storage capacity must be capable of storing all source waters during the shutdown period.  A 
shutdown period greater than the three or four months of current storage capacity, or an unanticipated 
increase in flow occurring during the shutdown, could result in the need for expensive emergency 
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measures to avoid a noncompliance situation.  Minimizing disruptions to WTP operations is given a 
weighting of 2.   
 
Alternative 1 would have the least impact on WTP operations since the sludge thickener would be 
housed in an addition to the WTP building minimizing any construction related disturbance.  A 
shutdown period of a few days or less would be required to bring the new thickener online.  
Retrofitting of the existing sludge tank to serve as an additional reaction vessel could largely be done 
while the WTP is operating.  Therefore, Alternative 1 is given a score of 3.0.  Alternative 2 would 
require three to four weeks of shutdown since the clarifiers would be located within the existing 
building and would require additional modifications to the plumbing, resulting in a score of 2.0.  
Alternative 3 would require a five to six week WTP shutdown due to the need to replace the CMF 
resulting in a score of 1.5.  Although the required shutdown period is longer, implementation of 
Alternative 3 could easily be accomplished with appropriate planning and preparation.       
  
Improved Operational Safety:  Although not a specific objective of the alternatives evaluation, 
eliminating work hazards and improving overall safety is an important criteria in any project and is 
given the maximum weighting of 3.  All three alternatives would result in reduced work-related 
hazards by allowing for complete winter shutdown and complete elimination of associated hazards 
(i.e., winter driving, snowplowing).  All three alternatives would also simplify sludge handling thus 
eliminating the need to shovel sludge in Cell 7 and reducing filter press operations from 
approximately 12 hours to 2 or 3 hours.  Alternative 2 would have the added benefit of reducing 
solids loading and required acid cleaning of the CMF, while Alternative 3 would fully eliminate the 
CMF and associated maintenance issues.  The resulting scoring for the safety improvement criterion 
are 2.0 for Alternative 1, 2.5 for Alternative 2 and 3.0 for Alternative 3.   
 

3.1.4.1 Alternatives Scoring Summary and Implementation Schedule 

Based on the criteria weighting and scoring described above and listed in Table 3-6, total scores for 
each alternative are 34.5 for Alternative 1, 47.5 for Alternative 2 and 56.0 for Alternative 3.  The 
increasing score with each alternative is not surprising given the larger scope of modifications and 
capital costs associated with each alternative.  Based on the scoring, Alternative 1 would not be the 
recommended alternative, unless sufficient funding is not available for the Alternatives 2 or 3.  All 
things considered, Alternative 3 would be the preferred alternative based on the higher score and 
greater long-term savings ($2.72 million over 30 years; Table 3-3) assuming adequate funds are 
available to cover the greater capital costs.  Alternative 3 also provides the highest flow capacity of 
all three alternatives, up to 200 gpm, to handle unanticipated short or long-term increases in flows.  If 
adequate funds are not available, Alternative 2 (or Alternative 1) could be implemented initially with 
the additional modifications made at a later date if funding is available and the WTP performance 
warrants.      
 
Based on equipment lead times and typical construction periods, the term of the project from Notice-
to-Proceed to commissioning of the modified WTP is estimated at nine months.  The critical path for 
all alternatives is the ordering and manufacturing of the sludge thickener tank.  The manufacturer 
estimates a 20 week lead time for the unit from issuance of the purchase order to delivery.  This 
critical path affects all three alternatives equally.  However, with the thickener sited outside the main 
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building, construction can be ongoing during WTP operations.  Once the thickener building is 
constructed, all further activities would be completed indoors out of the weather.  Once the thickener 
is commissioned and the main piping installed, commissioning of Alternative 1 would require a few 
days of plant shut down to complete.  Alternative 2 would require three to four weeks of plant 
shutdown to remove existing equipment and install the clarifiers and piping.  Alternative 3 would 
require four to five weeks of shutdown to install the clarifiers and UF equipment and connect piping 
and instrumentation.  If the plant modifications are to be commissioned prior to the 2020 high water 
flows, notice to proceed would be needed by June 2019.  
 

3.2 WATER MANAGEMENT ALTERNATIVES 

Based on the screening level evaluation, two water management options are recommended for further 
consideration; Options 6 and 8 from Table 2-2.  Option 6 includes interception and diversion of clean 
bedrock groundwater upgradient of the mine workings to reduce inflow to the workings.  Option 8 
includes pumping from the deeper mine workings to provide additional water storage capacity within 
the workings.  Each of these options is described in more detail below and would require further 
evaluation and field testing prior to determining if implementation is warranted.   
 

3.2.1 Interception and Diversion of Bedrock Groundwater 

Intercepting and diverting groundwater from entering the mine workings would result in a direct 
reduction in the Mike Horse Adit discharge rate and WTP influent flow.  As discussed in Section 1.1, 
the majority of recharge to the Mike Horse workings may occur where the 200 and 300 Level 
workings cross beneath Mike Horse Creek at depths of 20 feet or less, and shallow groundwater was 
encountered in this area during the 2016 remediation program (Figure 1-5).  The dry conditions noted 
in the 300 Level Tunnel several hundred feet inside the 300 Level Adit suggest little or no recharge to 
the 300 Level workings north of the Mike Horse Vein workings (Figure 1-4).  The potential localized 
nature of recharge makes interception and diversion more practical and feasible.   
 
Figure 2-1 shows a potential target area for intercepting clean bedrock groundwater for direct 
discharge to Mike Horse Creek.  Groundwater seepage was observed from exposed bedrock along the 
west side of the drainage during the 2016 Upper Mike Horse drainage reclamation activities, 
indicating the presence of shallow groundwater adjacent to the shallow workings (Section 1.1.5).  
Clean groundwater in this area could be intercepted through one or more vertical pumping wells 
completed in bedrock and/or alluvium, or through one or more horizontal wells driven southward 
from the Mike Horse drainage bottom (Figure 2-1).  Vertical wells would require power and long-
term pumping costs while horizontal wells could divert groundwater through gravity drainage.  
Implementation (or testing) of this alternative would require some disturbance to the recently 
completed Upper Mike Horse remediation.  
 
Prior to implementing any groundwater diversion actions, additional evaluation and field testing 
would be required.  Further evaluation would include more detailed review of the Mike Horse 
workings maps, mining production records, details of the MSE 1990s drilling and testing program, 
and observations and findings from the 2016 remedial activities.  Field testing would require 
completion of multiple vertical test wells in the target area and completion of long-term (one to three 
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month) pumping tests to assess the mine discharge response to pumping and monitoring of pumping 
water quality to ensure its suitability for direct discharge to Mike Horse Creek, and possible tracer 
testing.  Costs for the testing program, including additional review of existing information, 
establishing access for drilling, completion of three test wells, and long-term testing and monitoring 
are estimated at $70,000 to $100,000.  If testing results warrant, alternative implementation, including 
completion of a horizontal well collared near the 200 Level Adit and driven southward approximately 
500 feet to the target interception area would be approximately $500,000 additional.  Assuming a 
direct correlation between the WTP flow rate and flow-related O&M costs (i.e., reagents, materials, 
operating labor), annual O&M costs could be reduced by approximately $25,000 for the existing 
WTP to $18,000 for WTP Alternative 3 for every 10 gpm reduction in adit flow (Alternative 1 and 2 
savings would be about $22,000 and $21,000, respectively).  Assuming a 10 gpm reduction in adit 
flow (selected for discussion purposes only), approximately 15 years for the existing WTP and 20 
years for WTP Alternative 3 would be required to recoup the costs for this alternative.  
 

3.2.2 Pumping from Deep Mine Workings 

Completing a well into and pumping from the deeper mine workings could be used to lower the mine 
water level below the 300 Level and increase mine storage capacity seasonally.  The additional 
storage capacity could be used to attenuate the higher spring season adit discharge rates resulting in 
more consistent year-round flow to the WTP, and/or provide for a longer seasonal WTP shutdown 
period (as discussed in Section 3.1.1, winter shutdown of 3 to 4 months is already achievable with the 
WTP modifications and efficient use of existing storage capacity).    
 
Figure 2-1 shows one potential drilling location where the 600 Level workings could be intersected 
with a 350-foot deep vertical well.  This location has the advantages of being relatively accessible and 
requiring less road construction and disturbance of remediated areas than other potential drilling  
sites.  The Figure 2-1 site also targets an area where the 600 Level drift and tunnel intersect, 
increasing the potential for successfully intercepting the workings. This location is also close to 
existing infrastructure making electrical and plumbing hookups less expensive.  Based on a 
comparison of the total length of workings between the 300 and 200 Levels (the portion of workings 
that provide the current storage capacity of about seven million gallons, Section 1.1), and the total 
length of workings between the 600 and 300 Level workings (additional storage area available if 
dewatered to the 600 Level), an additional 10 to 15 million gallons of storage may be available by 
pumping from the 600 Level.  Based on an average adit discharge rate of 80 gpm for the 2018 water 
year (October 2017 through September 2018, a period of exceptionally high flows), drawing the mine 
water level down to the 600 Level would provide 3.0 to 4.5 months of additional storage (in addition 
to the 3 to 4 months of currently available storage, Section 3.1.1).  Based on a more typical average 
annual flow rate of 50 gpm, pumping from the 600 Level could provide an additional 4.5 to seven 
months of storage.  It should be noted however that the additional storage time does not necessarily 
equate to additional mine shutdown time since the shutdown period would have to be balanced with 
the ability of the WTP to treat all the stored water and mine inflows during the remaining WTP 
operational period.  For the high flow (80 gpm average annual adit discharge rate) scenario, 
approximately eight months would be required to treat the stored water plus the continued mine 
inflow meaning the discharge could only be shut down for about four months, similar to the shutdown 
schedule achievable with the currently available storage capacity (Section 3.1.1).  For the more 
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typical average annual adit discharge of 50 gpm, approximately 5.5 months would be required to treat 
the stored water and continued mine inflow, meaning the adit could be shut down for about 6.5 
months, or 3.5 months longer than estimated based on current available storage.  It should be noted 
that lowering the mine water level by pumping from the deeper workings would also reduce or 
eliminate the hydraulic head behind the 300 Tunnel plug thus addressing any potential concerns with 
the long-term integrity of the adit plug.   
 
Prior to implementation, additional evaluation and field testing would be required to further evaluate 
the feasibility and potential benefits of the deep pumping alternative.  Similar to the groundwater 
interception and diversion alternative, testing for the deep pumping alternative would include further 
evaluation of the mine workings and feasibility of intersecting the workings with a well, road building 
and other logistical planning, completion of a test well targeting the 600 Level workings, and 
conducting a pumping test of adequate duration (approximately one month) to assess the mine water 
level response to pumping, the pumping discharge water quality, and potential effects on mine inflow 
rates (lowering the water level in the mine workings would most likely increase the mine inflow rate 
and total volume of water requiring treatment).  Costs for the additional evaluation and field testing 
program are estimated to be about $100.000.  Capital costs for full implementation of this alternative 
are estimated to be an additional $200,000.  For each additional month of winter shutdown resulting 
from the increased storage capacity, annual O&M costs are estimated to decrease by $26,000 for  
the existing WTP scenario, and $20,000 for WTP Alternative 3 (WTP Alternatives 1 and 2 savings 
would be about $24,000 and $22,000, respectively).  Assuming one additional month of shutdown, 
approximately nine years for the existing WTP and 11 years for WTP Alternative 3 would be required 
to recoup the costs for this alternative. 
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4.0  SUMMARY AND RECOMMENDATIONS  

 
A number of water treatment and water management options were evaluated to optimize the 
performance of the UBMC WTP with the goal of ensuring long-term compliance with the Facility 
effluent limits and reducing O&M costs.  The recommended water treatment alternatives center on 
modifying the existing WTP with three alternatives recommended for consideration by project 
stakeholders:  addition of a sludge thickener tank to improve sludge management and handling 
procedures and increasing total flow capacity by expanding the CMF with an additional filter; 
addition of a sludge thickener tank and two lamellae plate clarifiers to facilitate sludge handling and 
reduce solids loading to and plugging of the CMF and increasing total flow capacity by expanding the 
CMF with an additional filter; and addition of the sludge thickener and clarifiers and replacement of 
the CMF with a UF filter system to further reduce O&M costs.  Although presented as three separate 
alternatives, the alternatives are designed so that they can be implemented in phases or steps, starting 
with the lowest capital cost Alternative 1 with Alternative 2 and/or 3 added at a later date(s) if the 
WTP performance warrants.  The main decision criteria in reviewing the alternatives is initial capital 
costs, long-term O&M costs and return-on-investment, and the modified WTP long-term and short-
term flow capacities.   
 
Two water management alternatives are also presented.  The first alternative includes interception and 
diversion of clean groundwater to reduce inflow to and discharge from the mine workings, and the 
second includes pumping from the deeper mine workings to increase the mine storage capacity to 
allow for attenuation of peak seasonal flows and/or extend the optional winter shutdown period.  
However, both of these alternatives require additional investigation to determine the viability of each 
approach. 
 
The information provided in this report is intended for review and consideration by the project 
stakeholders, with further discussions and evaluation anticipated to support selection of one or more 
recommended alternatives for implementation.  Recommended actions to aid in alternatives selection 
and project planning are listed below.    
 
Recommendation 1:  Continue monitoring the WTP and source flows through 2019 to further 
evaluate current trends in the source flows and ongoing effects from the July 2017 earthquake, the 
exceptionally large 2017/2018 snowpack and wet 2018 spring, and potential effects of the 2016 
Upper Mike Horse remedial actions on mine inflow.  Seasonal samples should be collected from the 
individual source flows with samples collected on a quarterly schedule to reflect the varying seasonal 
conditions. 
 
Recommendation 2:  Consider merits for further evaluation of the water management alternatives.  
Section 3.2 includes estimated costs for further evaluation of the two recommended alternatives, 
including further review of existing information and field testing.  Further review of existing 
information is recommended and possible preliminary testing (such as tracer testing) should be 
considered at this time with the merits of more involved field testing determined based on these 
results, and on review of the water treatment alternatives.  A scope of work and budget for reviewing 
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existing information (i.e., mine maps, production history, etc.) can be prepared for stakeholder review 
if requested.   

 
Recommendation 3:  Evaluate various regulatory issues that could affect future WTP effluent limits 
and operations.  Potential ramifications for UBMC cleanup criteria and the WTP effluent limits 
should be assessed based on 2017 revisions to State of Montana water quality standards, and 
additional revisions currently proposed for Circular DEQ-7 (MDEQ, 2017).  Existing and proposed 
changes to the water quality standards since the UBMC cleanup criteria were established, and/or 
changes in the receiving water quality, may have implications for future WTP effluent limits and 
should be considered when evaluating potential WTP modifications.  
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APPENDIX A 

 

PRELIMINARY LIST OF WATER TREATMENT /  

WATER MANAGEMENT OPTIONS FOR  

THE UPPER BLACKFOOT MINING COMPLEX 

  



PRELIMINARY OPTION DESCRIPTION/COMMENTS

Water Treatment Alternatives

Modify Existing WTP to Increase Capacity/Reduce O&M Requirements
Add a parallel treatment process capable of treating increased flow of 170 gpm, modify 
existing WTP to ensure effluent requirements always met, reduce O&M

Build a parallel WTP to treat 170 gpm. Modify existing WTP with TBD changes that will also reduce O&M; however this may be difficult to do while 

at the same time keeping existing WTP on‐line.

Add a new process capable of treating 300 gpm
Build a new WTP capable of 300 gpm meeting effluent limits. Use experience gained in existing WTP as input into design of new plant. Keep existing 

WTP on‐line until new plant is commissioned.

Modify existing WTP to ensure effluent requirements always met, reduce O&M, including 
increasing throughput capacity to 300 gpm

Modify existing WTP with TBD changes that will also reduce O&M, also increase capacity up to 300 gpm; however this may be difficult to do while at 

the same time keeping existing WTP on‐line. 

Modify existing WTP to ensure effluent requirements always met, reduce O&M, but not 
increase throughput capacity

Modify existing WTP with TBD changes that will also reduce O&M; however this may be difficult to do while at the same time keeping existing WTP 

on‐line. This will not increase throughput capacity.

Add Pretreatment Step to Treatment System

In‐Situ Pretreatment of Upper Mike Horse Seeps through PRB or other passive technology

The Upper Mike Horse Seeps are a relatively low average flow/high concentration source.  Passive or semi‐passive treatment at the source may be 

effective at removing a significant portion of the associated loads prior to pumping seeps back to mine pool and conveyance to the WTP.  

Pretreatment through a permeable reactive barrier, open limestone channel, precipitation basin would reduce loading to the WTP but would create 

its own treatment and sludge/waste handling issues.  

In‐Situ Treatment within the Mine Pool Through Lime/Caustic Addition
The Mike Horse Mine workings are partially flooded behind a concrete bulkhead constructed near the 300 Level Adit, with up to 7 mgal of storage 

available within the mine workings.  Metals precipitation within the workings may be achieve through in‐situ pH adjustment.  Would need to do 

tracer tests within the mine workings to determine residence times and evaluate fate of precipitated sludge.  

Utilize Cell 5, possibly in combination with a portion of Cell 4, as a pretreatment pond or 
biotreatment cell 

This alternative involves converting existing Cell 5 (840,000 gal capacity), and possibly a portion of Cell 4 (currently scheduled for removal under site 

reclamation program), both located immediately upstream of the WTP, to a treatment pond and/or biotreatment cell for seasonal or year‐round 

pretreatment.  Cell 5 is currently used to store various waste streams/flows so need for this would have to be eliminated or alternatives identified.

Convert all or a portion of Cell 7 to a pretreatment pond/biotreatment cell
This alternative involves converting all or a portion of Cell 7, located immediately downstream of the water treatment plant, to a pretreatment pond 

and/or biotreatment cell.  Cell 7 currently serves as a retention pond and is used for sludge storage, so alternatives for those uses would have to be 

identified or needs eliminated.  

Pre‐treatment cell at another location between Mike Horse Adit and water treatment plant
This alternative involves construction of a treatment pond or biotreatment cell at a location along the existing conveyance pipeline between the 

Mike Horse Adit  discharge and the WTP.  Options may be limited due to steep topography and land ownership patterns.

Add Post‐Treatment Polishing Step to Treatment System

Convert all or a portion of Cell 7 to a polishing pond/biotreatment cell

This alternative involves converting all or a portion of Cell 7 (970,000 gallon capacity), located immediately downstream of the water treatment 

plant, to a post‐treatment polishing pond or biotreatment cell.  Cell 7 currently serves as a pre‐treatment retention pond  and sludge storage, so 

need for this would have to be eliminated or alternatives identified. Due to Cell 7 location adjacent to the Blackfoot River, infiltration at this location 

would likely be considered a surface water discharge.  Effluent could be pipe to Shoue Gulch for possible conversion to a groundwater discharge if 

desired. 

APPENDIX A. PRELIMINARY LIST OF WATER TREATMENT/MANAGEMENT OPTIONS FOR THE UPPER BLACKFOOT MINING COMPLEX

Infiltration Gallery for GW Discharge and Soil Attenuation
These 2 alternatives would likely be combined.  Alternative includes pipe effluent about 0.75 miles west to the Shoue Gulch area where an 

infiltration system could be built.  This would result in a discharge to groundwater instead of surface water and take advantage of the higher GW 

effluent limits.  If necessary, this could be combined with a biotreatment cell for effluent polishing.  Would have to address potential direct 

connection between groundwater and surface water and other construction/permitting issues.Biotreatment/wetland cell at Shoue (aka Shave) Gulch 
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PRELIMINARY OPTION DESCRIPTION/COMMENTS

APPENDIX A. PRELIMINARY LIST OF WATER TREATMENT/MANAGEMENT OPTIONS FOR THE UPPER BLACKFOOT MINING COMPLEX

Water Management/Source Control

Groundwater/Mine Water Diversion

Dewatering Wells in Bedrock Peripheral to Workings to Reduce Mine Inflow

Gravity Drain Unimpacted Groundwater from the 100 Level Mine Workings to Mike Horse Ck

Bedrock Capture Wells to Intercept Impacted Groundwater Upgradient of Mine Workings

Shallow bedrock groundwater diversion trench, possibly  with capping or grouting of high‐
grade mineralized bedrock.

Past information suggests the high concentration, acidic Upper Mike Horse Seep water is derived from infiltration into, and shallow groundwater 

flow through, an area of highly mineralized bedrock uphill (west) of the UMH Seeps and 200 level adit; in the vicinity of the 100 Level Shaft.  

Information suggests that this shallow bedrock groundwater may also be a significant contributor to the total load in the Mike Horse 300 Level Adit 

discharge. This alternative would attempt to reduce flow through the highly mineralized bedrock thus reducing loading to the UMH Seeps and 

possibly the mine workings.  Considerable site investigation would be required to fully evaluate the merits of this alternative.      

Increase Mine Pool Level This alternative would increase the water level within the mine workings to decrease hydraulic gradients from the surrounding bedrock 

groundwater system to the mine pool, thereby reducing mine inflow rates, to further flood the mineralized bedrock and reduce sulfide oxidation, 

and increase the storage capacity within the mine workings.  This would require placing additional bulkheads in the 200 Level Adit and other 

possible mine discharge points and possibly structurally enhancing the existing 300 Level bulkhead.  This alternative would require further detailed 

evaluation to determine if feasible and identify potential leakage conduits, so may only warrant conceptual evaluation at this time to determine if 

further evaluation is warranted.

Identify Potential Conduits for Surface Flow Into Mine Workings This would include a relatively cursory inspection of the ground and topography overlying the mine workings to see if here are any areas (such as old 

prospects) that may collect and funnel water into the workings.  Prior to plugging, the Mike Horse Adit discharge rate was very sensitive to 

precipitation and snowmelt, indicating a close hydraulic connection to the surface.

Past information suggests that much of the water flowing through the Mike Horse workings is relatively clean, and could be diverted around the 

area of highly mineralized bedrock reducing the volume of contaminated water.  This could be achieved by pumping clean bedrock groundwater 

from wells for direct discharge to Mike Horse/Beartrap Creek to lower water table around the mine and reduce mine inflow rates, or intersecting 

the mine workings with a horizontal well and gravity draining clean water to Mike Horse Creek upstream of the mineralized bedrock zone.  All of 

these alternatives would require considerable site characterization and testing to determine if they're feasible, so may only warrant conceptual 

evaluation at this time to determine if further evaluation is warranted.
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UPPER BLACKFOOT MINING COMPLEX WATER TREATMENT PLANT  
WATER BALANCE DESCRIPTION 

 
In order to support the UBMC water treatment alternatives evaluation, a water balance of the water 
treatment plant (WTP) and source flows was completed to determine the optimum WTP design flowrate 
that minimizes capital and long-term O&M costs, while facilitating long-term compliance with effluent 
limits.  The water balance utilizes all available water storage including six million gallons in the Mike 
Horse Adit (less than the estimated seven million gallon capacity for conservatism), 840,000 gallons in 
Cell 5, and 970,000 gallons in Cell 7.  The water balance consists of a spreadsheet model utilizing actual 
nearby precipitation data as well as monthly average flows recorded for the Mike Horse Adit, Anaconda 
Adit and WTP over the past ten years.  Following is a description of the model inputs and calculations.   

Precipitation 
Monthly precipitation data was downloaded from the Copper Bottom Snotel site for the 10 year water 
balance period (2009 through 2018).  The Copper Bottom site is located in the Copper Creek drainage 
about 11 miles northeast of the UBMC WTP and at a similar elevation (5200 feet).  For the November 
through February winter period, half of the precipitation is stored as snow in the water balance model 
while the remainder is released as water to the storage cell (column F in the spreadsheet) and processed in 
the WTP.  During the spring months of March and April, the stored water is released as water to the 
storage cell, 60% and 40% respectively.    

Mike Horse Adit Water 
The Mike Horse Adit is assumed to have 6 million gallons of available storage, a conservative value 
based on the seven million gallons of actual estimated storage.  The mine inflow rate is estimated as the 
measured volume of water discharged from the Adit each month over the past ten years.  This assumes no 
monthly change in storage (i.e., change in mine water level) over this period, a reasonable assumption 
over the 10 year period.   The inflow water volume (Column I) is added to the volume of water stored in 
the adit during the previous month to calculate the total volume of Adit water to manage for that month 
(Column J).  The managed water is sent to either the WTP for treatment (Column K) or the Adit (Column 
L) for storage.  The managed water reports to the Adit for storage during the assumed winter WTP 
shutdown period or when the hydraulic capacity of the WTP is exceeded, with Cell 7 used for emergency 
overflow if the Adit storage capacity is exceeded.  The storage volume is added to the previous month’s 
storage volume to calculate the cumulative storage volume.  Note that the Mike Horse Adit input includes 
the Upper Mike Horse Seep flow. 

Anaconda Adit Water 
The Anaconda Adit is assumed to have no available storage with water flowing directly to the WTP or to 
Cell 5 during winter shutdown of the WTP.  Outflow from the Anaconda Adit is estimated as the actual 
measured volume of water collected from the Adit each month for the past ten years.  The storage volume 
(Column Q) is added to the previous month’s storage volume to calculate the cumulative storage volume 
in Cell 5. 

Storage Cell 5 
Cell 5 provides 840,000 gallons of available storage.  Inputs to the Cell included precipitation, Anaconda 
Adit water, and wastewater from the WTP.   Precipitation into Cell 5 is calculated using the effective 
precipitation depth as previously described and the total cell liner area; evaporation and sublimation are 
assumed to be zero for conservatism.  The Anaconda Adit discharge all reports to Cell 5 as previously 
described.  The average WTP wastewater flow to Cell 5 (wash water from the floor drain, off-spec 
effluent, feed tank overflow, filter press filtrate) is estimated to be 10 gpm based on current WTP 
operations.  All inputs for the month are added to the volume of water stored in the Cell from the previous 
month to calculate the total Cell 5 monthly volume.  The stored water is either directed to the WTP for 
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treatment or remains in the Cell for storage during the winter shutdown period or when source flows 
exceed the WTP capacity.  For purposes of the water balance, it was assumed that a maximum of 40 gpm 
would be processed through the WTP from Cell 5 at any time.   

Storage Cell 7 
Cell 7 has a storage capacity of 970,000 gallons.  Inputs to Cell 7 include precipitation and overflow from 
the Mike Horse Adit.  Precipitation into Cell 7 is calculated using the effective precipitation depth as 
previously described and the total cell liner area; evaporation and sublimation are assumed to be zero for 
conservatism.  Mike Horse Adit water is inputted to Cell 7 whenever storage within Mike Horse Adit 
exceeds the seven million gallon storage capacity.  The total Cell 7 inflow for a month is added to the 
volume of stored water from the previous month to calculate the total volume of water in Cell 7 for that 
month.  The Cell 7 stored water is sent to either the WTP for treatment or remains in the Cell for storage 
during winter WTP shutdown period or when the treatment capacity of the WTP is exceeded.  For 
purposes of the water balance, it was assumed that a maximum of 50 gpm would be processed through the 
WTP from Cell 7.   

Water Treatment Plant 
The WTP is assumed to have an efficiency of 93% and the WTP hydraulic capacity is treated as a 
variable in the water balance that can be changed to model different design capacities.  The maximum 
possible monthly treatment volume (Column AG) is calculated based on the WTP efficiency and selected 
design capacity.   

Inputs to the WTP include the Mike Horse Adit discharge, Anaconda Adit discharge, Cell 5 and Cell 7.  
The volume of water sent to the WTP from the Anaconda Adit, Cell 5 and Cell 7 are inputted from their 
respective calculations as discussed above.  The maximum volume of water sent to the WTP from the 
Mike Horse Adit is calculated by subtracting the Anaconda Adit, Cell 5 and Cell 7 inputs from the 
maximum possible treatment volume for the month.  If the maximum possible Mike Horse Adit treatment 
volume is greater than the volume of water to be managed in the Mike Horse Adit for that month, then the 
volume of water to be managed is used as the input from the Mike Horse Adit to the WTP.  If the 
maximum possible Mike Horse Adit treatment volume is less than the volume of water to be managed, 
then this possible treatment volume is used as the input from the Mike Horse Adit to the WTP with the 
remaining managed water stored in the Adit.  The total volume of water treated is calculated by adding all 
the inputs to the WTP.  Outputs from the WTP include wastewater or off-spec water sent to Cell 5 and 
treated on-spec water released to the Blackfoot River.  An average of 10 gpm was sent to Cell 5 as 
previously discussed.  The total discharged to the River is calculated by subtracting the volume of 
wastewater sent to Cell 5 from the total volume of water treated. 

Water Balance Results 
Ten years of calculations were performed in the water balance using measured inputs for precipitation, 
Mike Horse Adit flow data (which includes the Upper Mike Horse Seeps) and Anaconda Adit flow data.  
The treatment capacity of the plant was varied from the existing 120 gpm to a total of 200 gpm to 
evaluate the results of different treatment scenarios.  Different simulations were also completed by 
turning off the WTP for different months during the year to evaluate how the storage capacity could be 
more effectively used to reduce operation and maintenance (O&M) costs. 

Based on the historic flow data and available storage capacity within the Mike Horse mine workings, Cell 
5 and Cell 7, the water balance results show that the existing WTP could consistently treat all input flows 
for the 10 year period of record at a design flow capacity of 140 gpm.  Based on the water balance 
analysis, the WTP could also be shut down for approximately four months (November through February) 
most years using the WTP design capacity of 140 gpm and more efficient utilization of the available 
storage.  A long-term shutdown during the winter would significantly reduce O&M costs since the need 



K:\project\10023\2018 Alternatives Analysis\Report\revised appendices\Appendix B Water Balance\Water Balance discussion.docx 5/21/19 

for heat, electricity, snow removal and labor would be minimal.  Under this scenario, the WTP would be 
operated from March through October to treat the stored water plus the continuous source inflow rates.     

Under the identified optimum operating scenario, a 140 gpm WTP design capacity and operating the 
WTP for only eight months a year, the water balance modeling results indicate the following: 

 The water balance model shows only three months out of the 10 year period where the six 
million gallon Mike Horse Adit storage capacity is exceeded and flow is directed to Cell 7 for 
storage.  Note that the six million gallon storage capacity utilized in the model is less than the 
seven million gallon actual estimated capacity.  Neither Cell 5 nor Cell 7 exceeds their 
maximum storage capacities during the 10 year period.  Also note that the three months in the 
10 year period that flow was directed to Cell 7 could easily be eliminated by shortening the 
winter shutdown period.   
 

 Of the 120 months simulated, the WTP had to run at the full 140 gpm design capacity for only 
19 months with seven of those months occurring during the 2018 high flow year.  The remainder 
of the months that the WTP operated (excluding shutdown periods), the average of the monthly 
WTP flows is 55% of the 140 gpm design capacity.  

 
 In the 10 year period, the WTP is able to be shut down for four months (November through 

February) in nine of those years.  The only exception is 2018 when the WTP could only be 
shuttered for three months due to the exceptionally high flows.    

 
 In the three months out of a total of 120 months that the adit storage reaches six million gallons, 

the adit head can be maintained at a minimum of about 4 psi (about 750,000 gallons storage, 
Figure 1-2), and remain below the seven million gallon maximum adit storage capacity.  During 
all other months, the adit storage volume is less than six million gallons, in most cases much 
less, and the adit head can be maintained at a higher minimum pressure.  Thus, maximizing the 
adit storage to allow for seasonal shutdown should not affect mine water management 
procedures.  



10 gpm 22,886 sf Treatment Plant Efficiency = 93%
Liner Area = 20,117 Max. Flow to WTP = 40 gpm Max. Flow to WTP = 50 gpm 140 gpm

Total Available Storage = 6,000,000 gallons Total Available Storage = 840,000 gallons Total Available Storage = 970,000 gallons 15,000 gallons

Year Date
WTP 

Operation
Stored In Out Stored Out Stored

Snotel data
Percent 
stored/ 
released

Effective 
Precip Inflow Total to 

Manage To WTP To Storage Overflow to 
Cell 7

Stored in 
Adit Inflow Outflow to 

WTP
Overflow to 

Cell 5

From WTP 
Waste/Off-

Spec

From 
Anaconda 

Adit
Precip Total to 

Manage To WTP Stored in 
Cell 5

Overflow 
from MH 

Adit
Precip Total to 

Manage To WTP
Total 

Volume 
Stored

From Mike 
Horse Adit

From 
Anaconda 

Adit
From Cell 5 From Cell 7

Maximum 
Possible 
Treated

Total Water 
Treated

Water 
Discharged 

to River

Waste/Off-
Spec Water 

to Cell 5
inches inches gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons gallons

1 Jan-09 3.6 -50% 1.8 off
1 Feb-09 1.3 -50% 0.7 on
1 Mar-09 2.3 60% 3.8 on
1 Apr-09 1.2 40% 2.2 on 0 0 0 0
1 May-09 1.0 0% 1.0 on 3,099,718 3,099,718 3,099,718 0 0 0 41,971 41,971 0 446,400 0 12,540 458,940 458,940 0 0 14,266 14,266 14,266 0 3,099,718 41,971 458,940 14,266 5,812,128 3,614,895 3,168,495 446,400
1 Jun-09 0.7 0% 0.7 on 3,755,828 3,755,828 3,755,828 0 0 0 82,770 82,770 0 432,000 0 8,778 440,778 440,778 0 0 9,986 9,986 9,986 0 3,755,828 82,770 440,778 9,986 5,624,640 4,289,362 3,857,362 432,000
1 Jul-09 1.1 0% 1.1 on 2,332,452 2,332,452 2,332,452 0 0 0 79,728 79,728 0 446,400 0 13,794 460,194 460,194 0 0 15,692 15,692 15,692 0 2,332,452 79,728 460,194 15,692 5,812,128 2,888,065 2,441,665 446,400
1 Aug-09 1.2 0% 1.2 on 1,827,376 1,827,376 1,827,376 0 0 0 77,039 77,039 0 446,400 0 15,048 461,448 461,448 0 0 17,119 17,119 17,119 0 1,827,376 77,039 461,448 17,119 5,812,128 2,382,981 1,936,581 446,400
1 Sep-09 0.4 0% 0.4 on 1,572,944 1,572,944 1,572,944 0 0 0 72,696 72,696 0 432,000 0 5,016 437,016 437,016 0 0 5,706 5,706 5,706 0 1,572,944 72,696 437,016 5,706 5,624,640 2,088,361 1,656,361 432,000
1 Oct-09 2.2 0% 2.2 on 1,542,260 1,542,260 1,542,260 0 0 0 73,973 73,973 0 446,400 0 27,587 473,987 473,987 0 0 31,384 31,384 31,384 0 1,542,260 73,973 473,987 31,384 5,812,128 2,121,604 1,675,204 446,400
1 Nov-09 0.9 -50% 0.5 off 1,425,778 1,425,778 0 1,425,778 0 1,425,778 72,469 0 72,469 0 72,469 5,643 78,111 0 78,111 0 6,420 6,420 0 6,420 0 0 0 0 0 0 0 0
1 Dec-09 3.0 -50% 1.5 off 1,312,493 2,738,271 0 2,738,271 0 2,738,271 71,877 0 71,877 0 71,877 18,809 168,798 0 168,798 0 21,398 27,818 0 27,818 0 0 0 0 0 0 0 0
2 Jan-10 0.9 -50% 0.5 off 1,513,085 4,251,356 0 4,251,356 0 4,251,356 68,477 0 68,477 0 68,477 5,643 242,918 0 242,918 0 6,420 34,237 0 34,237 0 0 0 0 0 0 0 0
2 Feb-10 0.2 -50% 0.1 off 1,469,282 5,720,638 0 5,720,638 0 5,720,638 61,993 0 61,993 0 61,993 1,254 306,165 0 306,165 0 1,427 35,664 0 35,664 0 0 0 0 0 0 0 0
2 Mar-10 0.8 60% 2.3 on 2,017,607 7,738,244 4,840,364 2,897,880 0 2,897,880 121,882 121,882 0 446,400 0 28,841 781,406 781,406 0 0 32,811 68,475 68,475 0 4,840,364 121,882 781,406 68,475 5,812,128 5,812,128 5,365,728 446,400
2 Apr-10 2.0 40% 3.0 on 1,375,531 4,273,411 4,273,411 0 0 0 71,526 71,526 0 432,000 0 37,619 469,619 469,619 0 0 42,797 42,797 42,797 0 4,273,411 71,526 469,619 42,797 5,624,640 4,857,353 4,425,353 432,000
2 May-10 3.1 0% 3.1 on 1,527,661 1,527,661 1,527,661 0 0 0 123,208 123,208 0 446,400 0 38,873 485,273 485,273 0 0 44,223 44,223 44,223 0 1,527,661 123,208 485,273 44,223 5,812,128 2,180,365 1,733,965 446,400
2 Jun-10 4.2 0% 4.2 on 1,831,476 1,831,476 1,831,476 0 0 0 131,104 131,104 0 432,000 0 52,666 484,666 484,666 0 0 59,916 59,916 59,916 0 1,831,476 131,104 484,666 59,916 5,624,640 2,507,162 2,075,162 432,000
2 Jul-10 0.7 0% 0.7 on 2,876,399 2,876,399 2,876,399 0 0 0 70,278 70,278 0 446,400 0 8,778 455,178 455,178 0 0 9,986 9,986 9,986 0 2,876,399 70,278 455,178 9,986 5,812,128 3,411,840 2,965,440 446,400
2 Aug-10 1.8 0% 1.8 on 2,229,647 2,229,647 2,229,647 0 0 0 55,756 55,756 0 446,400 0 22,571 468,971 468,971 0 0 25,678 25,678 25,678 0 2,229,647 55,756 468,971 25,678 5,812,128 2,780,053 2,333,653 446,400
2 Sep-10 2.0 0% 2.0 on 1,553,516 1,553,516 1,553,516 0 0 0 52,125 52,125 0 432,000 0 25,079 457,079 457,079 0 0 28,531 28,531 28,531 0 1,553,516 52,125 457,079 28,531 5,624,640 2,091,252 1,659,252 432,000
2 Oct-10 0.9 0% 0.9 on 1,810,113 1,810,113 1,810,113 0 0 0 51,363 51,363 0 446,400 0 11,286 457,686 457,686 0 0 12,839 12,839 12,839 0 1,810,113 51,363 457,686 12,839 5,812,128 2,332,000 1,885,600 446,400
2 Nov-10 3.0 -50% 1.5 off 1,423,036 1,423,036 0 1,423,036 0 1,423,036 48,498 0 48,498 0 48,498 18,809 67,307 0 67,307 0 21,398 21,398 0 21,398 0 0 0 0 0 0 0 0
2 Dec-10 4.4 -50% 2.2 off 1,428,321 2,851,357 0 2,851,357 0 2,851,357 47,834 0 47,834 0 47,834 27,587 142,728 0 142,728 0 31,384 52,783 0 52,783 0 0 0 0 0 0 0 0
3 Jan-11 3.8 -50% 1.9 off 1,693,538 4,544,894 0 4,544,894 0 4,544,894 45,802 0 45,802 0 45,802 23,825 212,356 0 212,356 0 27,105 79,887 0 79,887 0 0 0 0 0 0 0 0
3 Feb-11 2.5 -50% 1.3 off 1,543,050 6,087,944 0 6,087,944 87,944 6,000,000 39,581 0 39,581 0 39,581 15,674 267,612 0 267,612 0 17,832 97,719 0 97,719 0 0 0 0 0 0 0 0
3 Mar-11 2.4 60% 6.5 on 1,921,456 7,921,456 4,681,429 3,240,027 0 3,240,027 56,523 56,523 0 446,400 0 81,633 795,644 795,644 0 87,944 92,869 278,532 278,532 0 4,681,429 56,523 795,644 278,532 5,812,128 5,812,128 5,365,728 446,400
3 Apr-11 3.6 40% 6.3 on 1,266,813 4,506,840 4,506,840 0 0 0 172,965 172,965 0 432,000 0 79,501 511,501 511,501 0 0 90,444 90,444 90,444 0 4,506,840 172,965 511,501 90,444 5,624,640 5,281,750 4,849,750 432,000
3 May-11 2.0 0% 2.0 on 2,307,109 2,307,109 2,307,109 0 0 0 203,722 203,722 0 446,400 0 25,079 471,479 471,479 0 0 28,531 28,531 28,531 0 2,307,109 203,722 471,479 28,531 5,812,128 3,010,841 2,564,441 446,400
3 Jun-11 3.1 0% 3.1 on 6,213,219 6,213,219 4,954,755 1,258,464 0 1,258,464 154,789 154,789 0 432,000 0 38,873 470,873 470,873 0 0 44,223 44,223 44,223 0 4,954,755 154,789 470,873 44,223 5,624,640 5,624,640 5,192,640 432,000
3 Jul-11 1.3 0% 1.3 on 4,925,454 6,183,919 5,273,692 910,227 0 910,227 57,189 57,189 0 446,400 0 16,301 462,701 462,701 0 0 18,545 18,545 18,545 0 5,273,692 57,189 462,701 18,545 5,812,128 5,812,128 5,365,728 446,400
3 Aug-11 0.8 0% 0.8 on 3,114,575 4,024,801 4,024,801 0 0 0 57,165 57,165 0 446,400 0 10,032 456,432 456,432 0 0 11,412 11,412 11,412 0 4,024,801 57,165 456,432 11,412 5,812,128 4,549,810 4,103,410 446,400
3 Sep-11 0.4 0% 0.4 on 2,228,502 2,228,502 2,228,502 0 0 0 57,194 57,194 0 432,000 0 5,016 437,016 437,016 0 0 5,706 5,706 5,706 0 2,228,502 57,194 437,016 5,706 5,624,640 2,728,418 2,296,418 432,000
3 Oct-11 3.0 0% 3.0 on 2,085,467 2,085,467 2,085,467 0 0 0 57,934 57,934 0 446,400 0 37,619 484,019 484,019 0 0 42,797 42,797 42,797 0 2,085,467 57,934 484,019 42,797 5,812,128 2,670,217 2,223,817 446,400
3 Nov-11 2.5 -50% 1.3 off 1,444,705 1,444,705 0 1,444,705 0 1,444,705 53,437 0 53,437 0 53,437 15,674 69,112 0 69,112 0 17,832 17,832 0 17,832 0 0 0 0 0 0 0 0
3 Dec-11 3.4 -50% 1.7 off 1,370,752 2,815,456 0 2,815,456 0 2,815,456 52,245 0 52,245 0 52,245 21,317 142,674 0 142,674 0 24,252 42,084 0 42,084 0 0 0 0 0 0 0 0
4 Jan-12 3.8 -50% 1.9 off 1,276,942 4,092,398 0 4,092,398 0 4,092,398 50,479 0 50,479 0 50,479 23,825 216,978 0 216,978 0 27,105 69,188 0 69,188 0 0 0 0 0 0 0 0
4 Feb-12 1.8 -50% 0.9 off 1,402,789 5,495,188 0 5,495,188 0 5,495,188 42,676 0 42,676 0 42,676 11,286 270,940 0 270,940 0 12,839 82,027 0 82,027 0 0 0 0 0 0 0 0
4 Mar-12 3.0 60% 6.5 on 3,019,333 8,514,521 4,732,320 3,782,201 0 3,782,201 107,548 107,548 0 446,400 0 80,880 798,220 798,220 0 0 92,013 174,040 174,040 0 4,732,320 107,548 798,220 174,040 5,812,128 5,812,128 5,365,728 446,400
4 Apr-12 1.9 40% 4.2 on 1,881,831 5,664,032 4,979,221 684,811 0 684,811 100,837 100,837 0 432,000 0 52,666 484,666 484,666 0 0 59,916 59,916 59,916 0 4,979,221 100,837 484,666 59,916 5,624,640 5,624,640 5,192,640 432,000
4 May-12 1.5 0% 1.5 on 2,696,067 3,380,878 3,380,878 0 0 0 55,619 55,619 0 446,400 0 18,809 465,209 465,209 0 0 21,398 21,398 21,398 0 3,380,878 55,619 465,209 21,398 5,812,128 3,923,105 3,476,705 446,400
4 Jun-12 1.6 0% 1.6 on 2,804,228 2,804,228 2,804,228 0 0 0 68,856 68,856 0 432,000 0 20,063 452,063 452,063 0 0 22,825 22,825 22,825 0 2,804,228 68,856 452,063 22,825 5,624,640 3,347,972 2,915,972 432,000
4 Jul-12 0.8 0% 0.8 on 2,358,130 2,358,130 2,358,130 0 0 0 48,990 48,990 0 446,400 0 10,032 456,432 456,432 0 0 11,412 11,412 11,412 0 2,358,130 48,990 456,432 11,412 5,812,128 2,874,964 2,428,564 446,400
4 Aug-12 0.6 0% 0.6 on 1,722,101 1,722,101 1,722,101 0 0 0 58,350 58,350 0 446,400 0 7,524 453,924 453,924 0 0 8,559 8,559 8,559 0 1,722,101 58,350 453,924 8,559 5,812,128 2,242,933 1,796,533 446,400
4 Sep-12 0.0 0% 0.0 on 1,335,223 1,335,223 1,335,223 0 0 0 45,241 45,241 0 432,000 0 0 432,000 432,000 0 0 0 0 0 0 1,335,223 45,241 432,000 0 5,624,640 1,812,464 1,380,464 432,000
4 Oct-12 3.1 0% 3.1 on 1,658,267 1,658,267 1,658,267 0 0 0 56,187 56,187 0 446,400 0 38,873 485,273 485,273 0 0 44,223 44,223 44,223 0 1,658,267 56,187 485,273 44,223 5,812,128 2,243,949 1,797,549 446,400
4 Nov-12 2.9 -50% 1.5 off 1,199,881 1,199,881 0 1,199,881 0 1,199,881 40,655 0 40,655 0 40,655 18,182 58,838 0 58,838 0 20,685 20,685 0 20,685 0 0 0 0 0 0 0 0
4 Dec-12 3.6 -50% 1.8 off 1,068,104 2,267,984 0 2,267,984 0 2,267,984 36,190 0 36,190 0 36,190 22,571 117,599 0 117,599 0 25,678 46,363 0 46,363 0 0 0 0 0 0 0 0
5 Jan-13 1.3 -50% 0.7 off 1,080,169 3,348,153 0 3,348,153 0 3,348,153 36,599 0 36,599 0 36,599 8,151 162,349 0 162,349 0 9,273 55,636 0 55,636 0 0 0 0 0 0 0 0
5 Feb-13 0.9 -50% 0.5 off 1,010,405 4,358,558 0 4,358,558 0 4,358,558 34,235 0 34,235 0 34,235 5,643 202,227 0 202,227 0 6,420 62,055 0 62,055 0 0 0 0 0 0 0 0
5 Mar-13 1.2 60% 3.8 on 2,481,511 6,840,070 4,915,237 1,924,833 0 1,924,833 84,081 84,081 0 446,400 0 47,776 696,403 696,403 0 0 54,352 116,407 116,407 0 4,915,237 84,081 696,403 116,407 5,812,128 5,812,128 5,365,728 446,400
5 Apr-13 2.8 40% 4.5 on 2,358,876 4,283,708 4,283,708 0 0 0 79,925 79,925 0 432,000 0 56,930 488,930 488,930 0 0 64,766 64,766 64,766 0 4,283,708 79,925 488,930 64,766 5,624,640 4,917,329 4,485,329 432,000
5 May-13 1.9 0% 1.9 on 3,314,610 3,314,610 3,314,610 0 0 0 112,308 112,308 0 446,400 0 23,825 470,225 470,225 0 0 27,105 27,105 27,105 0 3,314,610 112,308 470,225 27,105 5,812,128 3,924,248 3,477,848 446,400
5 Jun-13 2.4 0% 2.4 on 2,964,425 2,964,425 2,964,425 0 0 0 100,443 100,443 0 432,000 0 30,095 462,095 462,095 0 0 34,237 34,237 34,237 0 2,964,425 100,443 462,095 34,237 5,624,640 3,561,201 3,129,201 432,000
5 Jul-13 0.8 0% 0.8 on 1,693,440 1,693,440 1,693,440 0 0 0 57,378 57,378 0 446,400 0 10,032 456,432 456,432 0 0 11,412 11,412 11,412 0 1,693,440 57,378 456,432 11,412 5,812,128 2,218,662 1,772,262 446,400
5 Aug-13 0.8 0% 0.8 on 952,467 952,467 952,467 0 0 0 32,272 32,272 0 446,400 0 10,032 456,432 456,432 0 0 11,412 11,412 11,412 0 952,467 32,272 456,432 11,412 5,812,128 1,452,583 1,006,183 446,400
5 Sep-13 3.3 0% 3.3 on 1,939,133 1,939,133 1,939,133 0 0 0 71,345 71,345 0 432,000 0 41,381 473,381 473,381 0 0 47,077 47,077 47,077 0 1,939,133 71,345 473,381 47,077 5,624,640 2,530,935 2,098,935 432,000
5 Oct-13 0.4 0% 0.4 on 1,535,650 1,535,650 1,535,650 0 0 0 39,883 39,883 0 446,400 0 5,016 451,416 451,416 0 0 5,706 5,706 5,706 0 1,535,650 39,883 451,416 5,706 5,812,128 2,032,655 1,586,255 446,400
5 Nov-13 3.0 -50% 1.5 off 1,546,179 1,546,179 0 1,546,179 0 1,546,179 36,136 0 36,136 0 36,136 18,809 54,945 0 54,945 0 21,398 21,398 0 21,398 0 0 0 0 0 0 0 0
5 Dec-13 2.9 -50% 1.5 off 1,155,522 2,701,701 0 2,701,701 0 2,701,701 45,441 0 45,441 0 45,441 18,182 118,569 0 118,569 0 20,685 42,084 0 42,084 0 0 0 0 0 0 0 0
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Time and Precipitaiton Data Mike Horse Adit Water Water Treatment PlantAnaconda Adit Water Cell 5 Cell 7

6 Jan-14 3.0 -50% 1.5 off 1,691,874 4,393,575 0 4,393,575 0 4,393,575 46,300 0 46,300 0 46,300 18,809 183,678 0 183,678 0 21,398 63,482 0 63,482 0 0 0 0 0 0 0 0
6 Feb-14 5.2 -50% 2.6 off 915,386 5,308,961 0 5,308,961 0 5,308,961 46,005 0 46,005 0 46,005 32,603 262,286 0 262,286 0 37,091 100,573 0 100,573 0 0 0 0 0 0 0 0
6 Mar-14 4.8 60% 9.0 on 2,147,826 7,456,787 4,713,674 2,743,113 0 2,743,113 47,144 47,144 0 446,400 0 113,233 821,919 821,919 0 0 128,818 229,391 229,391 0 4,713,674 47,144 821,919 229,391 5,812,128 5,812,128 5,365,728 446,400
6 Apr-14 1.3 40% 4.1 on 1,689,734 4,432,847 4,432,847 0 0 0 45,053 45,053 0 432,000 0 51,663 483,663 483,663 0 0 58,774 58,774 58,774 0 4,432,847 45,053 483,663 58,774 5,624,640 5,020,337 4,588,337 432,000
6 May-14 0.4 0% 0.4 on 3,278,251 3,278,251 3,278,251 0 0 0 120,450 120,450 0 446,400 0 5,016 451,416 451,416 0 0 5,706 5,706 5,706 0 3,278,251 120,450 451,416 5,706 5,812,128 3,855,823 3,409,423 446,400
6 Jun-14 1.9 0% 1.9 on 4,043,997 4,043,997 4,043,997 0 0 0 132,421 132,421 0 432,000 0 23,825 455,825 455,825 0 0 27,105 27,105 27,105 0 4,043,997 132,421 455,825 27,105 5,624,640 4,659,348 4,227,348 432,000
6 Jul-14 1.6 0% 1.6 on 2,799,568 2,799,568 2,799,568 0 0 0 94,576 94,576 0 446,400 0 20,063 466,463 466,463 0 0 22,825 22,825 22,825 0 2,799,568 94,576 466,463 22,825 5,812,128 3,383,432 2,937,032 446,400
6 Aug-14 2.0 0% 2.0 on 1,258,122 1,258,122 1,258,122 0 0 0 49,134 49,134 0 446,400 0 25,079 471,479 471,479 0 0 28,531 28,531 28,531 0 1,258,122 49,134 471,479 28,531 5,812,128 1,807,267 1,360,867 446,400
6 Sep-14 0.3 0% 0.3 on 1,610,975 1,610,975 1,610,975 0 0 0 49,109 49,109 0 432,000 0 3,762 435,762 435,762 0 0 4,280 4,280 4,280 0 1,610,975 49,109 435,762 4,280 5,624,640 2,100,125 1,668,125 432,000
6 Oct-14 1.8 0% 1.8 on 1,639,636 1,639,636 1,639,636 0 0 0 38,988 38,988 0 446,400 0 22,571 468,971 468,971 0 0 25,678 25,678 25,678 0 1,639,636 38,988 468,971 25,678 5,812,128 2,173,273 1,726,873 446,400
6 Nov-14 4.2 -50% 2.1 off 1,489,201 1,489,201 0 1,489,201 0 1,489,201 30,637 0 30,637 0 30,637 26,333 56,970 0 56,970 0 29,958 29,958 0 29,958 0 0 0 0 0 0 0 0
6 Dec-14 2.2 -50% 1.1 off 797,480 2,286,681 0 2,286,681 0 2,286,681 57,217 0 57,217 0 57,217 13,794 127,981 0 127,981 0 15,692 45,650 0 45,650 0 0 0 0 0 0 0 0
7 Jan-15 2.6 -50% 1.3 off 702,468 2,989,149 0 2,989,149 0 2,989,149 58,279 0 58,279 0 58,279 16,301 202,561 0 202,561 0 18,545 64,195 0 64,195 0 0 0 0 0 0 0 0
7 Feb-15 1.9 -50% 1.0 off 1,933,899 4,923,048 0 4,923,048 0 4,923,048 52,819 0 52,819 0 52,819 11,913 267,293 0 267,293 0 13,552 77,748 0 77,748 0 0 0 0 0 0 0 0
7 Mar-15 1.2 60% 4.5 on 3,498,015 8,421,063 4,838,032 3,583,031 0 3,583,031 62,836 62,836 0 446,400 0 56,052 769,745 769,745 0 0 63,767 141,515 141,515 0 4,838,032 62,836 769,745 141,515 5,812,128 5,812,128 5,365,728 446,400
7 Apr-15 1.2 40% 3.4 on 2,528,370 6,111,401 5,024,772 1,086,628 0 1,086,628 77,266 77,266 0 432,000 0 42,384 474,384 474,384 0 0 48,218 48,218 48,218 0 5,024,772 77,266 474,384 48,218 5,624,640 5,624,640 5,192,640 432,000
7 May-15 1.5 0% 1.5 on 1,725,793 2,812,421 2,812,421 0 0 0 76,725 76,725 0 446,400 0 18,809 465,209 465,209 0 0 21,398 21,398 21,398 0 2,812,421 76,725 465,209 21,398 5,812,128 3,375,754 2,929,354 446,400
7 Jun-15 0.9 0% 0.9 on 1,108,165 1,108,165 1,108,165 0 0 0 66,675 66,675 0 432,000 0 11,286 443,286 443,286 0 0 12,839 12,839 12,839 0 1,108,165 66,675 443,286 12,839 5,624,640 1,630,965 1,198,965 432,000
7 Jul-15 1.5 0% 1.5 on 2,006,982 2,006,982 2,006,982 0 0 0 49,029 49,029 0 446,400 0 18,809 465,209 465,209 0 0 21,398 21,398 21,398 0 2,006,982 49,029 465,209 21,398 5,812,128 2,542,619 2,096,219 446,400
7 Aug-15 0.0 0% 0.0 on 2,030,601 2,030,601 2,030,601 0 0 0 76,382 76,382 0 446,400 0 0 446,400 446,400 0 0 0 0 0 0 2,030,601 76,382 446,400 0 5,812,128 2,553,383 2,106,983 446,400
7 Sep-15 2.7 0% 2.7 on 1,979,426 1,979,426 1,979,426 0 0 0 60,791 60,791 0 432,000 0 33,857 465,857 465,857 0 0 38,517 38,517 38,517 0 1,979,426 60,791 465,857 38,517 5,624,640 2,544,591 2,112,591 432,000
7 Oct-15 2.8 0% 2.8 on 2,009,622 2,009,622 2,009,622 0 0 0 48,204 48,204 0 446,400 0 35,111 481,511 481,511 0 0 39,944 39,944 39,944 0 2,009,622 48,204 481,511 39,944 5,812,128 2,579,281 2,132,881 446,400
7 Nov-15 1.8 -50% 0.9 off 1,718,921 1,718,921 0 1,718,921 0 1,718,921 50,780 0 50,780 0 50,780 11,286 62,066 0 62,066 0 12,839 12,839 0 12,839 0 0 0 0 0 0 0 0
7 Dec-15 3.8 -50% 1.9 off 1,474,649 3,193,570 0 3,193,570 0 3,193,570 47,292 0 47,292 0 47,292 23,825 133,183 0 133,183 0 27,105 39,944 0 39,944 0 0 0 0 0 0 0 0
8 Jan-16 1.1 -50% 0.6 off 1,624,539 4,818,109 0 4,818,109 0 4,818,109 47,491 0 47,491 0 47,491 6,897 187,571 0 187,571 0 7,846 47,790 0 47,790 0 0 0 0 0 0 0 0
8 Feb-16 1.7 -50% 0.9 off 1,737,419 6,555,528 0 6,555,528 555,528 6,000,000 45,186 0 45,186 0 45,186 10,659 243,415 0 243,415 0 12,126 59,916 0 59,916 0 0 0 0 0 0 0 0
8 Mar-16 1.9 60% 4.4 on 1,754,709 7,754,709 4,343,629 3,411,080 0 3,411,080 44,761 44,761 0 446,400 0 55,425 745,240 745,240 0 555,528 63,054 678,498 678,498 0 4,343,629 44,761 745,240 678,498 5,812,128 5,812,128 5,365,728 446,400
8 Apr-16 1.9 40% 3.6 on 2,934,277 6,345,356 4,997,256 1,348,100 0 1,348,100 99,421 99,421 0 432,000 0 44,892 476,892 476,892 0 0 51,071 51,071 51,071 0 4,997,256 99,421 476,892 51,071 5,624,640 5,624,640 5,192,640 432,000
8 May-16 2.3 0% 2.3 on 3,112,832 4,460,932 4,460,932 0 0 0 105,471 105,471 0 446,400 0 28,841 475,241 475,241 0 0 32,811 32,811 32,811 0 4,460,932 105,471 475,241 32,811 5,812,128 5,074,455 4,628,055 446,400
8 Jun-16 0.8 0% 0.8 on 2,842,716 2,842,716 2,842,716 0 0 0 96,319 96,319 0 432,000 0 10,032 442,032 442,032 0 0 11,412 11,412 11,412 0 2,842,716 96,319 442,032 11,412 5,624,640 3,392,480 2,960,480 432,000
8 Jul-16 1.2 0% 1.2 on 1,523,009 1,523,009 1,523,009 0 0 0 51,604 51,604 0 446,400 0 15,048 461,448 461,448 0 0 17,119 17,119 17,119 0 1,523,009 51,604 461,448 17,119 5,812,128 2,053,179 1,606,779 446,400
8 Aug-16 0.9 0% 0.9 on 1,019,406 1,019,406 1,019,406 0 0 0 34,540 34,540 0 446,400 0 11,286 457,686 457,686 0 0 12,839 12,839 12,839 0 1,019,406 34,540 457,686 12,839 5,812,128 1,524,471 1,078,071 446,400
8 Sep-16 1.3 0% 1.3 on 494,759 494,759 494,759 0 0 0 16,764 16,764 0 432,000 0 16,301 448,301 448,301 0 0 18,545 18,545 18,545 0 494,759 16,764 448,301 18,545 5,624,640 978,370 546,370 432,000
8 Oct-16 3.9 0% 3.9 on 945,398 945,398 945,398 0 0 0 32,033 32,033 0 446,400 0 48,904 495,304 495,304 0 0 55,636 55,636 55,636 0 945,398 32,033 495,304 55,636 5,812,128 1,528,371 1,081,971 446,400
8 Nov-16 1.0 -50% 0.5 off 292,036 292,036 0 292,036 0 292,036 9,895 0 9,895 0 9,895 6,270 16,165 0 16,165 0 7,133 7,133 0 7,133 0 0 0 0 0 0 0 0
8 Dec-16 6.0 -50% 3.0 off 1,533,876 1,825,911 0 1,825,911 0 1,825,911 51,972 0 51,972 0 51,972 37,619 105,756 0 105,756 0 42,797 49,930 0 49,930 0 0 0 0 0 0 0 0
9 Jan-17 1.9 -50% 1.0 off 202,017 2,027,928 0 2,027,928 0 2,027,928 8,059 0 8,059 0 8,059 11,913 125,727 0 125,727 0 13,552 63,482 0 63,482 0 0 0 0 0 0 0 0
9 Feb-17 4.6 -50% 2.3 off 764,462 2,792,390 0 2,792,390 0 2,792,390 57,695 0 57,695 0 57,695 28,841 212,263 0 212,263 0 32,811 96,293 0 96,293 0 0 0 0 0 0 0 0
9 Mar-17 3.7 60% 7.8 on 1,357,634 4,150,024 4,150,024 0 0 0 95,484 95,484 0 446,400 0 97,182 755,845 755,845 0 0 110,558 206,851 206,851 0 4,150,024 95,484 755,845 206,851 5,812,128 5,208,205 4,761,805 446,400
9 Apr-17 1.6 40% 4.3 on 1,367,476 1,367,476 1,367,476 0 0 0 95,484 95,484 0 432,000 0 53,920 485,920 485,920 0 0 61,342 61,342 61,342 0 1,367,476 95,484 485,920 61,342 5,624,640 2,010,222 1,578,222 432,000
9 May-17 2.1 0% 2.1 on 5,116,820 5,116,820 5,116,820 0 0 0 70,430 70,430 0 446,400 0 26,333 472,733 472,733 0 0 29,958 29,958 29,958 0 5,116,820 70,430 472,733 29,958 5,812,128 5,689,941 5,243,541 446,400
9 Jun-17 2.6 0% 2.6 on 4,138,431 4,138,431 4,138,431 0 0 0 47,145 47,145 0 432,000 0 32,603 464,603 464,603 0 0 37,091 37,091 37,091 0 4,138,431 47,145 464,603 37,091 5,624,640 4,687,270 4,255,270 432,000
9 Jul-17 0.0 0% 0.0 on 3,321,984 3,321,984 3,321,984 0 0 0 156,691 156,691 0 446,400 0 0 446,400 446,400 0 0 0 0 0 0 3,321,984 156,691 446,400 0 5,812,128 3,925,075 3,478,675 446,400
9 Aug-17 0.1 0% 0.1 on 3,866,921 3,866,921 3,866,921 0 0 0 176,707 176,707 0 446,400 0 1,254 447,654 447,654 0 0 1,427 1,427 1,427 0 3,866,921 176,707 447,654 1,427 5,812,128 4,492,709 4,046,309 446,400
9 Sep-17 1.0 0% 1.0 on 3,655,385 3,655,385 3,655,385 0 0 0 162,322 162,322 0 432,000 0 12,540 444,540 444,540 0 0 14,266 14,266 14,266 0 3,655,385 162,322 444,540 14,266 5,624,640 4,276,512 3,844,512 432,000
9 Oct-17 3.1 0% 3.1 on 3,924,351 3,924,351 3,924,351 0 0 0 178,395 178,395 0 446,400 0 38,873 485,273 485,273 0 0 44,223 44,223 44,223 0 3,924,351 178,395 485,273 44,223 5,812,128 4,632,242 4,185,842 446,400
9 Nov-17 3.5 -50% 1.8 off 2,455,057 2,455,057 0 2,455,057 0 2,455,057 164,426 0 164,426 0 164,426 21,944 186,370 0 186,370 0 24,965 24,965 0 24,965 0 0 0 0 0 0 0 0
9 Dec-17 4.3 -50% 2.2 off 2,357,621 4,812,678 0 4,812,678 0 4,812,678 143,840 0 143,840 0 143,840 26,960 357,170 0 357,170 0 30,671 55,636 0 55,636 0 0 0 0 0 0 0 0
10 Jan-18 3.1 -50% 1.6 off 2,079,530 6,892,208 0 6,892,208 892,208 6,000,000 157,315 0 157,315 0 157,315 19,436 533,922 0 533,922 0 22,112 77,748 0 77,748 0 0 0 0 0 0 0 0
10 Feb-18 6.6 -50% 3.3 on 1,807,840 7,807,840 3,116,852 4,690,988 0 4,690,988 137,277 137,277 0 403,200 0 41,381 978,502 978,502 0 892,208 47,077 1,017,032 1,017,032 0 3,116,852 137,277 978,502 1,017,032 5,249,664 5,249,664 4,846,464 403,200
10 Mar-18 2.6 60% 7.9 on 1,782,011 6,472,999 4,975,916 1,497,082 0 1,497,082 179,391 179,391 0 446,400 0 98,436 544,836 544,836 0 0 111,985 111,985 111,985 0 4,975,916 179,391 544,836 111,985 5,812,128 5,812,128 5,365,728 446,400
10 Apr-18 1.7 40% 5.2 on 1,788,172 3,285,254 3,285,254 0 0 0 253,781 253,781 0 432,000 0 65,206 497,206 497,206 0 0 74,181 74,181 74,181 0 3,285,254 253,781 497,206 74,181 5,624,640 4,110,422 3,678,422 432,000
10 May-18 2.5 0% 2.5 on 8,058,869 8,058,869 5,113,388 2,945,481 0 2,945,481 185,327 185,327 0 446,400 0 31,349 477,749 477,749 0 0 35,664 35,664 35,664 0 5,113,388 185,327 477,749 35,664 5,812,128 5,812,128 5,365,728 446,400
10 Jun-18 3.0 0% 3.0 on 7,532,558 10,478,039 4,917,492 5,560,547 0 5,560,547 194,732 194,732 0 432,000 0 37,619 469,619 469,619 0 0 42,797 42,797 42,797 0 4,917,492 194,732 469,619 42,797 5,624,640 5,624,640 5,192,640 432,000
10 Jul-18 0.0 0% 0.0 on 5,570,568 11,131,115 5,219,471 5,911,644 0 5,911,644 146,257 146,257 0 446,400 0 0 446,400 446,400 0 0 0 0 0 0 5,219,471 146,257 446,400 0 5,812,128 5,812,128 5,365,728 446,400
10 Aug-18 0.6 0% 0.6 on 3,446,338 9,357,982 5,269,176 4,088,806 0 4,088,806 80,469 80,469 0 446,400 0 7,524 453,924 453,924 0 0 8,559 8,559 8,559 0 5,269,176 80,469 453,924 8,559 5,812,128 5,812,128 5,365,728 446,400
10 Sep-18 0.2 0% 0.2 on 1,968,929 6,057,735 5,108,799 948,936 0 948,936 78,480 78,480 0 432,000 0 2,508 434,508 434,508 0 0 2,853 2,853 2,853 0 5,108,799 78,480 434,508 2,853 5,624,640 5,624,640 5,192,640 432,000
10 Oct-18 1.2 0% 1.2 on 2,341,195 3,290,131 3,290,131 0 0 0 119,897 119,897 0 446,400 0 15,048 461,448 461,448 0 0 17,119 17,119 17,119 0 3,290,131 119,897 461,448 17,119 5,812,128 3,888,594 3,442,194 446,400
10 Nov-18 1.3 -50% 0.7 off 1,428,263 1,428,263 0 1,428,263 0 1,428,263 110,990 0 110,990 0 110,990 8,151 119,141 0 119,141 0 9,273 9,273 0 9,273 0 0 0 0 0 0 0 0
10 Dec-18 2.4 -50% 1.2 off 1,532,711 2,960,974 0 2,960,974 0 2,960,974 105,069 0 105,069 0 105,069 15,048 239,257 0 239,257 0 17,119 26,391 0 26,391 0 0 0 0 0 0 0 0

453,158,496 297,311,085 66%
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APPENDIX C 

 

WATER TREATMENT PLANT  

MODIFICATIONS DESIGN INFORMATION 
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APPENDIX D 

 

COST ESTIMATING SPREADSHEETS 



UBMC WATER TREATMENT PLANT MODIFICATIONS

concrete steel
steel 

fabrication

piping/ fittings/ 

instrumentation
pumps labor

PLC 

integration

electrical (SG, 

wire & labor)

$178,200 $14,300 $24,100 $8,000 $52,000 $5,500 -- $4,800 $1,500 $3,600 $292,000

$115,000 -- -- -- $32,000 -- -- -- -- $3,500 $150,500

-- -- -- $9,500 $3,200 $4,500 -- $4,800 -- -- $22,000

$17,800 $17,800

$48,200 $48,200

$25,000

$359,200 $14,300 $24,100 $17,500 $87,200 $10,000 $00 $9,600 $1,500 $7,100 $555,500

$83,300

Equipment Unit HP Total HP $638,800

thickener drive 0.5 0.5

CMF feed 75 75

Total 75.5

Alternative #1 - Thickener Only                                   

Projected Project Costs

Subtotal

1- 20-ft Monroe above floor thickener w/bridge and rakes

Conversion of SHT-Manways in main WTP building

Detailed Engineering, Bid Documents,Specifications

Contractor Fees (Mob/Demob)

Building - 25'x30'x30' peak

Add additional CMF Unit

Total

Contingency (15%)

TOTAL

Purchase Cost 

(includes shipping)

Demolition 

Cost

Installation Cost



UBMC WATER TREATMENT PLANT MODIFICATIONS

concrete steel
steel 

fabrication

piping/ fittings/ 

instrumentation
pumps labor

PLC 

integration

electrical (SG, 

wire & labor)

$122,000 $2,500 $2,500 $22,500 $6,200 $17,500 $10,700 $16,000 $2,500 $4,300 $206,700

$178,200 $14,300 $24,100 $8,000 $52,000 $5,500 -- $4,800 $1,500 $3,400 $291,800

$115,000 -- -- -- $32,000 -- -- -- -- $3,500 $150,500

$5,200 -- -- $25,400 $8,000 -- -- -- -- $1,700 $40,300

$00 -- -- $9,500 $3,200 $4,500 -- $4,800 -- -- $22,000

$42,000 $42,000

$75,300 $75,300

$25,000

$6,700 $6,700

$544,400 $16,800 $26,600 $65,400 $101,400 $27,500 $10,700 $25,600 $4,000 $12,900 $860,300

$129,000

Equipment Unit HP Total HP $989,300

sludge pumps 3 6

thickener drive 0.5 0.5

clarifier mixers 0.5 1

Sharp Mixer 2 2

CMF feed 75 75

Total 84.5

Subtotal

Conversion of SHT-Manways in main WTP building

Detailed Engineering, Bid Documents,Specifications

Contractor Fees (Mob/Demob)

Rental Equipment( clarifier and filtration skids)

Add additional CMF Unit

Alternative #2 - Thickener + Clarifiers                                   

Projected Project Costs

2- 70-gpm Monroe Lamella Plate Clarifiers

1- 20-ft Monroe above floor thickener w/bridge and rakes

Building - 25'x30'x30' peak

Enclose awning for loader (one bay)

Total

Contingency (15%)

TOTAL

Purchase Cost 

(includes 

shipping)

Demolition 

Cost

Installation Cost
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UBMC WATER TREATMENT PLANT MODIFICATIONS

concrete steel steel 
fabrication

piping/ fittings/ 
instrumentation pumps labor PLC 

integration
electrical (SG, 
wire & labor)

$122,000 $10,000 $2,500 $22,500 $6,200 $18,500 $10,700 $16,000 $2,500 $4,300 $215,200
$255,000 -- $2,500 $4,600 -- $8,300 -- $8,000 $3,800 $6,000 $288,200

$5,200 -- -- $25,400 $8,000 -- -- -- -- $1,700 $40,300
$178,200 $14,300 $24,100 $8,000 $52,000 $5,500 $00 $4,800 $1,500 $3,400 $291,800
$115,000 -- -- -- $32,000 -- -- -- -- $3,500 $150,500

$00 -- -- $9,500 $3,200 $4,500 $00 $4,800 -- -- $22,000
$67,500 $67,500

$107,600 $107,600
$6,700 $6,700

$857,200 $24,300 $29,100 $70,000 $101,400 $36,800 $10,700 $33,600 $7,800 $18,900 $1,189,800
$178,500

Equipment Unit HP Total HP $1,368,300

sludge pumps 3 6
thickener drive 0.5 0.5
clarifier mixers 0.5 1

Sharp Mixer 2 2
UF filter feed 15 15

backwash 15 15
Total 39.5

Total

Contingency (15%)

TOTAL

Purchase Cost 
(includes 
shipping)

Demolition 
Cost

Installation Cost
Alternative #3 - Thickener + Clarifiers + UF                

Projected Project Costs

2- 70-gpm Monroe Lamella Plate Clarifiers
1- Westech Altrapac XII UF skid 70-350 gpm
Enclose awning for loader (one bay)
1- 20-ft Monroe above floor thickener w/bridge and rakes

Subtotal

Building - 25'x30'x30' peak
Conversion of SHT-Manways in main WTP building
Detailed Engineering, Bid Documents,Specifications
Contractor Fees (Mob/Demob)
Rental Equipment( clarifier and filtration skids)
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Existing 

Conditions

2015 O&M 

Costs

2016 O&M 

Costs

2017 O&M 

Costs

2018 O&M 

Costs

Projected 

O&M Costs

Percent 

Reduction

Projected 

O&M Costs

Percent 

Reduction

Projected 

O&M Costs

Percent 

Reduction

Projected 

O&M Costs
Comments

MDEQ Direct Personnel Charges $15,778 $13,134 $8,373 $11,698 $12,246 0% $12,246 0% $12,246 0% $12,246 Remains the same

MDEQ Travel Charges $0 $0 $40 $0 $10 0% $10 0% $10 0% $10 Remains the same

MDEQ  Indirect Charges (Personnel Services & Other Indirects) $3,594 $3,077 $2,355 $3,170 $3,049 0% $3,049 0% $3,049 0% $3,049 Remains the same

MDEQ Expenses $130 $26 $4 $34 $48 0% $48 0% $48 0% $48 Remains the same

MDEQ Hydro Solutions, Incl, Back-up/Emergency Operator $1,836 $17,901 $0 100% $0 100% $0 100% $0 No longer needed - provided by Hydrometrics

$19,502 $16,236 $12,608 $32,803 $15,353 0% $15,353 0% $15,353 0% $15,353

Laboratory Equipment & Supplies $878 $1,854 $2,197 $42 $1,243 0% $1,243 0% $1,243 0% $1,243 Remains the same

Shop Supplies & Tools $1,873 $3,287 $2,577 $2,800 $2,634 0% $2,634 0% $2,634 0% $2,634 Remains the same

Chemicals $73,931 $73,346 $75,061 $110,096 $74,113 5% $70,407 10% $66,702 15% $62,996 Average from '15-'17 only, less cleaning

Office Equipment & Supplies $1,765 $412 $855 $412 $861 0% $861 0% $861 0% $861 Remains the same

Safety Supplies/Minor Equipment $2,767 $1,708 $452 $141 $1,267 0% $1,267 0% $1,267 0% $1,267 Remains the same

Replacement Parts (all equipment, except ceramic filter components) $22,422 $20,814 $15,618 $26,097 $21,238 0% $21,238 0% $21,238 0% $21,238 Remains the same

Replacement Parts for CMF/UF Components (only) $14,948 $13,876 $10,412 $18,403 $14,410 15% $12,248 30% $10,087 60% $5,764 Less wear and tear due to acid cleaning

$118,584 $115,298 $107,171 $157,991 $115,765 5% $109,898 10% $104,031 17% $96,003

Hydrometrics Project Management $43,979 0% $43,979 0% $43,979 0% $43,979

Water Treatment Services LLC (WTS) Trust Management/Oversight $47,048 $69,204 $72,483 $54,875 $0 $0 $0 No longer needed - provided by Hydrometrics

Greenfield Environmental Trust Group, Inc. (GETG) Trust Oversight $9,124 $13,851 $10,738 $10,440 $11,038 0% $11,038 0% $11,038 0% $11,038 Remains the same

WTP Operator $136,628 $104,962 $70,021 $61,582 $163,272 10% $146,945 20% $130,617 35% $106,127
Averge cost/$40/hr old cost * $70/hr new cost, less 

O&M, winter shutdown

$192,799 $188,017 $153,241 $126,897 $218,289 7% $201,962 15% $185,635 26% $161,144

PLC Instrumentation Service (MET) $13,169 $10,036 $19,366 $8,706 $12,819 0% $12,819 0% $12,819 0% $12,819 Remains the same

Handyman Charges $7,491 $7,434 $4,380 $1,721 $5,256 0% $5,256 0% $5,256 0% $5,256 Remains the same

Accounting Services  (Wipfli) $3,219 $4,305 $3,958 $1,875 $3,339 0% $3,339 0% $3,339 0% $3,339 Remains the same

Weed Control $1,200 $0 $0 $1,200 $600 0% $600 0% $600 0% $600 Remains the same

$25,078 $21,776 $27,704 $13,502 $22,015 0% $22,015 0% $22,015 0% $22,015

Energy Lab Testing (O&M Samples) $10,000 $13,744 $13,483 $11,980 $12,302 0% $12,302 0% $12,302 0% $12,302 Remains the same

Linda Tangen Data Validation (O&M Samples) $3,288 $1,705 $2,722 $2,283 $2,500 0% $2,500 0% $2,500 0% $2,500 Remains the same

$13,288 $15,449 $16,205 $14,263 $14,801 0% $14,801 0% $14,801 0% $14,801

Waste Disposal (Sludge) $10,984 $6,087 $7,607 $14,579 $8,226 0% $8,226 0% $8,226 0% $8,226 Average from '15-'17 only

Telephone $4,024 $3,808 $3,699 $2,015 $3,387 0% $3,387 0% $3,387 0% $3,387 Remains the same

Electricity $50,318 $48,953 $51,034 $36,902 $46,802 15% $39,781 15% $39,781 20% $37,441 Winter shutdown, loss of 75 HP pump.

Water & Sewage $1,000 $1,000 $600 $200 $700 25% $525 25% $525 25% $525 Winter shutdown

Garbage & Trash Removal $1,181 $1,521 $1,406 $1,371 $1,370 25% $1,027 25% $1,027 25% $1,027 Winter shutdown

Propane $27,405 $5,366 $15,826 $17,514 $16,528 20% $13,222 20% $13,222 20% $13,222 Winter shutdown

$94,913 $66,735 $80,172 $72,581 $77,012 14% $66,169 14% $66,169 17% $63,828

Unforeseen Breakdowns and  Repair Response Funds $23,694 $20,000 $18,251 $2,608 $16,138 10% $14,525 10% $14,525 20% $12,911 Less due to CMF removal/reduction

Health & Safety Compliance $168 $926 $547 0% $547 0% $547 0% $547 Remains the same

Spare Parts $24,131 $79,883 $24,043 $17,579 $36,409 10% $32,768 20% $29,127 40% $21,845 Less due to CMF removal/reduction

CMF/UF Related Spare Parts/Maintenance $18,321 $36,878 $27,600 25% $20,700 50% $13,800 70% $8,280 Less due to CMF removal/reduction

Planned Repairs/Maintenance $55,088 $28,628 $52,510 $18,334 $38,640 10% $34,776 20% $30,912 30% $27,048 Less due to CMF removal/reduction

Building Repairs $0 $0 $0 $0 $4,000 0% $4,000 0% $4,000 0% $4,000 Remains the same

Purchase and install cartridge filters $21,119 $21,119 100% $0 100% $0 100% $0 Will no longer need.

$102,913 $146,832 $131,850 $60,566 $144,453 26% $107,315 36% $92,910 48% $74,631

$567,077 $570,342 $528,952 $478,603 $607,688 12% $537,513 18% $500,914 26% $447,775

Total

MDEQ Expenses (Routine Operating Expense)

Other Professional Services/Labor (Routine Operating Expense)

Total

Operating Labor  (Routine Operating Expense)

Total

Materials, Supplies & Chemicals (Routine Operating Expense)

UMBC ESTIMATED WTP OPERATION AND MAINTENANCE COSTS

Historical O&M Costs

PROJECTED UMBC WATER TREATMENT PLANT OPERATION AND 

MAINTENANCE EXPENSES

Alternative 1 -                            

Thickener Only

Alternative 2 -                                 

Thickener + Clarifiers

Alternative 3 -                                 

Thickener + Clarifier + UF

TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS

Projects & Construction (Non-Routine/Non-Recurring Expenses)

Total

WTP Operations -  Utilities (Routine Operating Expense)

Total

 WTP Operations -  Analytical  (Routine Operating Expense)

Total

Total
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