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Background 

The Colorado Department of Public Health and Environment Hazardous Materials and Waste 

Management Division (CDPHE/HMWMD) received comments in early 2010 from stakeholders 

concerned about the water quality of the Eagle River downstream of the Eagle Mine industrial 

wastewater treatment facility (IWWTF) discharge.  As part of the follow-up response, the 

CDPHE/HMWMD requested the assistance of the Water Quality Control Division Engineering Section 

(Division ES) to perform an audit of the IWWTF operations.  The purpose of the audit was to determine 

process limiting factors and each limiting factor’s corresponding degree of significance toward achieving 

permitted effluent limits. A two day site visit by Andy Poirot, P.E. of the Division ES took place on 

October 7 and 8, 2010 at the treatment facility. During those two days, meetings were held with 

contract operator Environ personnel including Don Houston, David Heinze, Heather Hammitt, Pat Harbin 

and John Byrnes to put together an assessment of the facility from historical activity to present day use.  

The treatment process was designed to remove heavy metals (zinc, iron, manganese, cadmium and 

copper) from the mine waste stream prior to discharging into the Eagle River within stream standards. 

The treatment plant process begins at two storage/flow equalization ponds that are used to receive and 

optionally blend flows from various sites within the Eagle Mine complex. Water from these ponds is 

pumped by two raw water feed pumps through the treatment process. Treatment consists of two 

reactor tanks in series for pH adjustment followed by flocculation, clarification and pH correction in a 

third reactor prior to discharge to the Eagle River. Sludge from the clarifier is dewatered in a pair of 

plate and frame filter presses prior to discharge of the solids to a lined sludge holding cell on the facility 

site.  The plant currently operates under Colorado Discharge Permit System Permit CO-0042480. 

Plant History 

The existing configuration of the IWWTF replaced a conventional water type treatment plant in the early 

1990’s. The new plant was designed to handle up to 400 gallons per minute (gpm) at peak flow and 275 

gpm routinely through a single process train that was considered acceptable due to the storage capacity 

in the ponds and mine itself. The process was patented and was innovative in that a separate 

clarification stage was not required between reactor 1 (lime addition) and reactor 2 (soda ash feed). The 

process was also innovative in that calcium from the lime addition in reactor 1 reacted with carbonate 

from the soda ash in reactor 2 to form a calcium carbonate precipitate that becomes part of the slurry in 

the clarifier.  The formation of calcium carbonate reduces the formation of gypsum (calcium sulfate 

complex) which deposits throughout the process in and on hydraulic conveyances reducing the capacity 

and effectiveness of the treatment plant and causing operational problems.   

Originally, the plant was staffed with up to a dozen operating personnel (after sludge dewatering was 

added in 1994, including lab and maintenance) that were responsible for the mine water collection 

system, treatment plant, sludge dewatering and hauling, and laboratory. McLaughlin Water Engineers 

were the original operators under contract to Gulf & Western (eventually Viacom and now CBS). Frank 

Environmental Services (FES) took over control of plant operations in 2001 and immediately reduced 

staff to about 6 operators while implementing a more sophisticated process control system (PLC based). 



Jim Frank used his industrial operator’s license from Illinois to act as the plant operator in responsible 

charge (ORC). When questioned about how he could be ORC from 1500 miles away, he stated that he 

had the capability to view plant operations via the SCADA system and a phone line. FES operated the 

plant for 9 years until May 2010, when the current operator, Environ took over. During the years when 

FES oversaw operations, as operators left, they were not replaced until the entire on site Operations 

team consisted of two people. Besides the overseeing of the IWWTF operations, the staff’s 

responsibilities included maintenance of the collection system. Under Environ, the plant currently has 

two full time operators, Heather Hammitt and Pat Harbin, and two part time employees John Byrnes 

and Dave Heinze. Dave Heinze (Denver area) generally visits the plant every other week or so, as a 

management representative for Environ.  Don Houston (from Michigan) acts as the ORC for the plant 

and is in frequent contact with Operations personnel at the plant. 

The plant experienced a few violations of its discharge permit and a few reportable spills during the FES 

operating period. In 2003, programming malfunctions and possible electrical malfunctions in the lime 

feed system resulted in discharge of high zinc levels [2100 micrograms per liter (mcg/l)] in excess of the 

discharge permit level of 1500 mcg/l for the daily maximum. This incident was compounded by the 

system not reporting the incident to the Division via the 24-hour incident reporting service in 

accordance with the requirements of their discharge permit.  Not reporting the incident led to 

downstream users not being notified of the event. FES agreed to be more proactive reporting of effluent 

violations to the Division in accordance with the system’s discharge permit and to ensure that 

downstream users had an opportunity to take action. In May, 2006, the facility had a pump station 

failure that resulted in an unpermitted point source discharge from a collection system manhole. In 

January 2009, the equalization ponds at the front of the plant overflowed into the storm water system 

and eventually the Eagle River when an operator underestimated available freeboard in the equalization 

ponds. At the time of the event, the plant was down due to a sludge pump rebuild and an operator 

being out sick. The operator who allowed the overflow to continue was terminated by FES. This incident 

may have been the first to illustrate to outside agencies that the plant was insufficiently staffed. In 

December, 2009, the plant had a significant discharge event in which blanket solids overflowed the 

clarifier unit and deposited metals sludge directly into the Eagle River that would normally have been 

removed by the treatment process. The plant sent a minimum of approximately 80,000 gallons of 

partially treated water to the river on December 1, 2009 with a suspected pH of 9.4 (max pH limit of 9.0) 

and a suspected TSS level of 1500 milligrams/liter (mg/l) (permit limit of 30 mg/l). This water also would 

have exceeded permit limits for potentially dissolved cadmium (suspected level of 193 mcg/l vs. permit 

limit of 48 mcg/l). Further investigation into operations at the time reveal that the plant operators were 

struggling with a poorly settling sludge, reduced plant operating capacity and rising mine water levels. 

These problems continued through the spring of 2010. Significant changes were made to chemical feeds 

in an effort to improve blanket settling. Ultimately, Environ replaced Frank Environmental Services as 

contract operator in May 2010. No violations have occurred since the new operations team was in place. 

Plant Unit Processes 

During the site visit, the plant was being fed from the Upper and Lower storage ponds. Preferentially, 

the plant uses one of two variable frequency drive feed pumps to provide flow to the plant from the 



upper pond, with the lower pond being used more for emergency purposes. Each pump is capable of 

pumping up to 400 gpm. During the site visit, flow was being pumped from the lower pond to the upper 

pond and blended with upper pond water.  This would lower the level in the lower pond over time and 

provide improved treatability of the upper pond feedstock. 

 

Figure 1 – Process Diagram from SCADA System showing plant feed 

             

Figure 2 – Typical process feed pump   Figure 3 – Lime feed to R1 

The feed pumps feed to reactor 1 (R1) where dry lime is augured into the wastewater vessel and mixed 

with a 15 horsepower (HP) paddle-type mixer and also with compressed air. R1 is 20 feet in diameter 

and has a 15 foot side water depth. It has a 100 minute detention time at 0.5 million gallons per day 

(MGD) plant flow. The auger screw can be adjusted if necessary, but lime is fed to meet a pH of 10.1 

leaving the reactor via a feedback control loop, which measures pH coming out of the reactor and 

adjusts chemical feed into the reactor based on the effluent pH. Two lime silos contain approximately 70 

tons of dry lime which equates to an approximate 3 day supply at a consumption rate of 23 tons of lime 

per day.  



From R1, the water flows into reactor 2 (R2) where soda ash is fed and mixed at a stoichiometric rate 

that is proportional to the flow rate. Typical soda ash usage is 8 tons per day. The soda ash silo holds 40 

tons of soda ash (approximately a 4.8 day supply). R2 is 12 feet in diameter and has a 15 foot side water 

depth. At a plant flow of 0.5 MGD, R2 has a 36.5 minute detention time.  It is mixed with a 7.5 HP paddle 

mixer. Polymer is also fed at R2, which acts as a floc tank prior to clarification. Polymer is fed from totes 

by a piston pump. Feed rate at the time of the site visit was 6 mg/l, amounting to about 25 pounds/day. 

The plant had historically used a Nalco polymer, but switched to Aquamark 314 in January, 2010.  

There are also provisions in the plant to recirculate sludge from the clarifier bottom to the trough prior 

to R2. This has been tried in the past to improve sludge settleability but has not been deemed effective. 

The trough in between R1 and R2 is open and is used by operators to identify downstream bottlenecks 

in the process since trough level will rise to overflow levels if downstream processes cannot handle the 

flow rate set point. 

 

Figure 4 – SCADA Screen showing R1, R2 and clarifier 

Flow from R2 enters the reactor clarifier, which is equipped with a 3 HP variable speed turbine for the 

reactor clearwell and a 2 HP constant speed rake drive. Typically pH rises slightly to approximately 10.4 

at the clarifier. The clarifier is 40 feet in diameter and has a side water depth of 12 feet 2 inches. The 

clarifier at 0.5 MGD feed rate has 5.5 hours of detention time. The system is currently not operating the 

reactor center well turbine, which has been thought to upset the settling process. 



 

 

Figure 5 – Soda ash feed to R2 

 

Figure 6 – Reactor Clarifier  

The pipe between R2 and the clarifier is thought to be partially occluded with gypsum or calcium 

carbonate and is frequently cleaned to maintain adequate flow through that portion of the process. 

Overflow from the clarifier enters reactor 3 (R3) which is 10 feet in diameter and has a 9 foot side water 

depth (21 minute detention time at 0.5 MGD). This reactor is used to mix hydrochloric acid from the acid 

feed system to reduce pH prior to discharge through a 3-inch Parshall Flume and out of the plant to the 

storm culvert into the Eagle River. The acid feed system typically pumps 150 pounds/day of 

concentrated acid into the system to reduce the pH to less than 9. Turbidity and pH are monitored at 

the discharge of R3. The turbidity is monitored with a Hach surface scatter turbidimeter. 



 

Figure 7 – SCADA Screen showing R3  

Turbidity and pH setpoints are capable of setting alarms and shutting down the plant influent feed 

system including chemical feeds during automatic operation at night. During an upset condition, the 

plant also diverts the discharge to the lower surge pond.  When an operator is present, these systems 

only alert the operator via alarms. Typical turbidity for plant discharge is less than 0.5 NTU. An alarm is 

set at 1.5 NTU and the plant is automatically shut down if the turbidity reaches 1.8 NTU. This is the 

portion of the system that was not reset to automatic (night mode) during the December, 2009 event. 

 



Figure 8 – Effluent Turbidimeter 

Sludge from the clarifier bottom (at approximately 4% solids, minimum) is sent to the sludge holding 

tank using 2 Penn Valley sludge pumps. Air operated diaphragm pumps are used to pump the sludge 

from the Sludge Storage Tank to a pair of Perrin plate and frame filter presses. After a 4-hour cycle time, 

solids are dropped into a dump truck and the sludge is disposed of in a lined sludge disposal cell on-site.  

Typically the presses discharge sludge cake at 40% solids. 

 

Figure 9 – Lined Sludge Disposal Cell. 

The sludge handling system at this point in time is typically not a bottleneck in the system. Sludge 

handling pumps all have in-line spares that are routinely maintained. Piping bottlenecks have been 

removed. Future plans include replacement of filter clothes and improved pump maintenance. 

System Issues 

At the time of the Division’s visit, Environ had recently taken over operations of the IWWTF from FES.  

While the Division’s review of the facility is primarily based on the snapshot of events at the time of the 

inspection, the Division did consider the historical operations of the facility prior to Environ that led up 

to the inspection.  FES’s operational system appears to have either reduced manpower to a point such 

that there was insufficient staffing for the facility or the assigned staff did not have the necessary skill. 

While automation can be helpful in making staff time more productive, it cannot effectively replace all 

roles at a facility. When conditions did change at the facility, operators were obligated to work long 

hours with little backup support.  These conditions can result in mistakes being made, which appears to 

be the case during the December 1, 2009 incident and possibly others as well. In addition, operating at 

minimal personnel levels does not allow for professional development of operators to improve their 

operating skills, which also reduces their effectiveness to implement change in the face of changing 

conditions. This circumstance was demonstrated by the need for the facility to use outside resources 



(polymer sales people in one case) to perform jar tests critical to process optimization that could have 

been completed by plant personnel. Also with plant personnel providing much of the equipment repair 

(John Byrnes spent much of his time repairing equipment), process observation and operation can 

suffer. Equipment repair work can be performed under contract as needed by repair specialists.  To 

summarize, task assignments should have focused on critical process needs, while routine maintenance 

items might have been better off being performed under contract. 

During the site visits, several discussions were held with current plant operations personnel to identify 

performance limiting factors at the plant.  At the time of the inspection, Environ operated with two full 

time and three part time operational staff.  While this amount is far less than the twelve operational 

staff employed at the start of the operation, Environ has implemented a number of operational 

approaches which allowed the operators to overcome the shortcomings of FES’s two full time and one 

part time operator approach.  The plant now primarily uses outside repair sources in the Denver Metro 

area for pump repairs and rebuilds. Environ has also supplied operating personnel from the Denver 

Metro area to obtain training on operations at the Eagle Mine site. Finally Environ is generating SOP’s to 

assist operations personnel in training to operate the Eagle Mine IWWTF.  Even with these changes, it 

appears that the WWTF may be understaffed with regards to on-site skilled operations personnel. 

At the time of the site visit, the system was ready to implement the following improvements to the 

treatment process to improve reliability, safety, and operational flexibility.   

a. The facility intended to modify the acid feed system to improve the safety, reliability and 

effectiveness of the pH control system prior to discharge. These improvements were 

identified as a top priority and if not completed to date, should be implemented. The 

improvements included modifications to the acid tank to improve reliability, electrical 

system upgrades, exhaust and venting improvements and a new potable water system 

connection including a new safety shower/eyewash.  

 

b. The compressed air system was also a concern identified by operations that was scheduled 

for improvement at the time of the inspection. The air system needs to be reliable and 

stable to prevent solids dewatering equipment (sludge feed pumps, filter presses) from 

limiting the treatment processes.  

 

c. The system was also prepared to install new filter cloths on the Perrin presses to assure 

they were operating at top efficiency.  At the time of the inspection, the operators were 

concerned that the filter cloth had not been adequately cleaned and was causing excessive 

headloss that reduced the efficiency of the dewatering process. 

 

 

The need for this report was brought about by problems related to poorly settling sludge and associated 

process limitations that caused backup in the mine water supply. Sludge settleability is directed related 

to the quality of the water coming into the plant which changes with the seasons and becomes 



particularly difficult to treat in the spring, when snowmelt dilutes the incoming stream and changes the 

effectiveness of the process. Most findings are related to this concern. 

 

Summary of Findings 

 

The following items were identified as key factors in plant operation. In some cases, these items were 

labeled as top priorities by Environ and solutions have been developed. In other cases, plant personnel 

identified a problem but had not yet progressed to a final solution.   

 

1. Identify chemistry changes in the incoming water. Different sources contain drastically different 

water quality.  Some mine stream sources remain constant for most of the year, but vary 

significantly during specific seasons. Other sources do not remain constant and can significantly 

change wastewater metal strength when mixed into the upper pond.  System inflexibility in 

compensating for large swings in waste strength has been identified as a significant cause for 

blanket rise conditions and low levels of treatability each spring. During initial operation of the 

IWWTF, the facility contained a lab with dedicated personnel to test incoming water for iron, 

manganese and zinc on a Hach spectrophotometer. This testing is no longer performed.  Currently, 

facility personnel monitor for incoming pH and conductivity. 

 

The Division finds that the current practices may not be effective in identifying minor changes in 

incoming water quality necessary to optimize treatment processes.  The Division considered 

whether other tests could be easily performed by the current staff level to improve the operational 

strategy.  Alkalinity and hardness can be monitored with simple test kits, but these methods may 

not be sufficient to identify significant differences in the waste stream. Other parameters that have 

not been investigated to date, such as oxidation –reduction potential (ORP) and streaming current 

monitoring, could be effective in identifying water quality changes in an online/continuous mode. 

Otherwise, the system may need to return to influent metals monitoring which may require the use 

of an onsite laboratory and additional personnel.  Once a successful operational tool is identified, 

standard operating procedures (SOP’s) regarding treatment process changes should be 

implemented to fine tune precipitate removal processes downstream.   

 

2. Improve in-house laboratory capabilities.  As water chemistry shifted in previous years, operators 

had very few feedback tools to help them adjust chemical feed and combinations to improve the 

settleability of the precipitated metals. Polymer feed was adjusted, but no tools were in place to 

enable the operator to make informed process changes. The current lead process operator, Heather 

Hammitt, is familiar with jar testing techniques that might be useful in identifying process chemical 

feed changes that are effective in the face of changing water quality. It is recommended that the 

facility obtain proper lab testing equipment (jar testing apparatus, test kits and instruments) and 

generate SOP’s to implement the use of routine monitoring of the influent wastewater, pH 

adjustment and coagulation/settling process  so that minor adjustments to the process can be made 

to optimize metals removal in the clarifier.  This optimization should include a continuous 

investigation of appropriate polymers, polymer feed points, polymer preparation methods and 



polymer mixing. The Division further recommends that the operator develop other in-line testing 

protocols to provide feedback further enabling the operator to make informed process changes.  

These in-line testing procedures could include evaluation of the chemistry of the plant influent, 

clarifier influent and clarifier effluent to optimize chemical dosing. 

 

3. Monitor blanket level.  Monitoring of blanket level in the clarifier is critical to operation of the plant. 

The operator relies on the turbidity meter to identify changes in effluent quality, but this does not 

necessarily identify blanket height in the clarifier. The surface scatter turbidimeter in use may not be 

the correct tool for identifying turbidity levels in the low turbidity range that the plant operates. The 

system should consider evaluating other on line turbidimeters (low range type) to find the optimal 

meter for the application. In addition, a portable turbidimeter should be available to operators so 

that they can routinely check the accuracy of the on line turbidimeter. Finally, the system should 

investigate the effectiveness of on line blanket level sensors as an additional tool to continuously 

monitor the state of the sludge blanket in the clarifier.  If on line tools are not used, the operators 

should develop standard operating procedures for routine monitoring of the sludge blanket level 

using mechanical methods.   

 

4. Evaluate polymer effectiveness. Type of polymer, feed point of polymer and mixing can be critical to 

floc formation and the effectiveness of the polymer product. The system should continue to 

evaluate polymer type, feed point, mixing energy and floc formation time to ensure that optimum 

conditions exist throughout the year with variable influent water chemistry. This investigation could 

include the sludge recycle option and reactor well in the center of the clarifier (which is currently 

shut off) to fine tune the effectiveness of the flocculation process. 

 

5. Repair RO system. Polymer is mixed with well water containing high dissolved solids content. The 

original design calls for a reverse osmosis (RO) unit to remove dissolved solids from the water prior 

to use with the polymer system. Repair and implementation of the RO system may improve the 

performance of the polymer and should be pursued to optimize the performance of this critical 

treatment component. 

 

6. Identify critical equipment needs. Due to manpower limitations and treatment priorities, the system 

has operated in a reactive mode when dealing with maintenance. With only a single train available, 

it is imperative that the system operate in a proactive mode with regard to system maintenance. 

Preventive and predictive maintenance techniques should be implemented at the facility. Environ is 

beginning work in this area. Critical equipment needs have been identified and the operator has 

already developed maintenance partners in the Denver area that can help with maintenance of 

equipment.  This should include the identification of critical spare parts that should be available at 

all times on-site.  Additional work should be done to ensure that preventative and predictive 

maintenance elements are in place at the facility.  This maintenance program should be fortified 

with standard operating procedures and operations and maintenance manuals.   

 



7. Develop SOPs.  At the time of the site visit, SOP’s were being generated by Environ specialists in the 

area of safety of operations. The practice of generating specific process SOP’s should be continued 

until all facets of the facility are represented by specific SOP’s. This written component is extremely 

important in that it will facilitate the use of operations personnel unfamiliar with the IWWTF from 

the Environ Globeville operation on the Front Range when needed during critical operation periods 

or in the event of operator shortages at the Eagle Mine complex. 

 

8. Investigate line occlusions. The plant had a goal of being able to operate at 400 gpm (one full feed 

pump capacity) during periods when sludge settleability was good. One bottleneck to that capability 

was the hydraulic capacity of the line between R2 and the clarifier. The line frequently becomes 

occluded with gypsum/carbonate solids. This critical bottleneck should be investigated to determine 

the appropriate solution. Pipe replacement or duplication, routine acid cleanings, chemical 

feed/reaction optimization, etc. should all be investigated to remove this bottleneck from the 

system. 

 

9. Upgrade SCADA system. The plant SCADA system appears to be a significant improvement to the 

plant that was implemented over the last 11 years. This system should continue to be monitored 

and upgraded so that onsite and offsite plant personnel can have access to real-time data at the 

plant. Once this is accomplished, the trending capabilities of the system should be better utilized to 

generate control charts so that operating conditions at the facility are properly documented and 

areas for improvement can be more readily identified. It cannot be stressed enough that the single 

train nature of this facility must be combined with prognostic operation and maintenance 

capabilities to ensure that the facility can meet its current and future tasks. The local water and 

wastewater utility has volunteered to be included in responding to alarm situations at the plant.  

Due to the limited resources available at the Eagle Mine Plant itself, the facility may want to take 

advantage of this generous offer from the local utility. Of course, specific agreements should be 

generated to assure that the Eagle Mine and Eagle River WSD are clear as to what kinds of aid that 

assistance may entail. 

 

One final topic that is important to the long term compliance of the plant is the recently issued 

discharge permit. Heather Hammitt provided a document that lists current plant performance versus 

discharge permits that will need to be met in the near future. When compared to the original design 

criteria and performance for the plant and also current performance of the plant, it is uncertain that the 

plant as currently configured can be in compliance with the new limits. Problems areas identified in Nos. 

1-9 above may help to stabilize plant performance and allow it to reach the performance levels required 

to meet the new permit limits, but a detailed study will need to be performed by the facility to 

determine what additional treatment methods or operations practices will be needed to comply with 

future discharge standards beginning in December 2013. 

All of the items described above may be achievable and assist Operations personnel to comply with the 

requirements of the NPDES discharge permit and requirements of the CDPHE/HMWMD. However, 



manpower limitations may limit the success of the facility to implement these changes. The owner 

should reconsider whether staff cuts in the past led to many of the issues associated with the plant 

problems identified here and whether current staffing is adequate to achieve plant goals. 


