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The following provides a summary of the sampling events for the Evans/S. Evans/Lincoln Gulch watershed completed during the Summer of 2000 Site Wide Water Quality investigative effort.  This summary describes the following:

1) The sampling efforts completed [a description of the number and location of samples taken, analysis conducted] (provided within Section 3 – Task 2 Sampling Design for the Evans Watershed)

2) The observed site conditions of:  a) water quality, b) flow, and c) diversion influences. (provided within Section 2 – Task 1 – Evaluation of Existing Data)

3) An interpretation of the analytical data obtained to-date and the identified possible point/non-point source areas to the receiving drainages (provided within Section 2 – Task 1 - Evaluation of Existing Data)

4) The proposed sampling design for the comprehensive water and sediment quality Evans watershed event (provided within Section 3 – Task 2 - Recommendations for Further Data Collection)

5) The proposed hydrology alternatives for the watershed in order to abate the observed adverse conditions. (provided within Section 4 – Task 3 - Recommendations for Hydrologic Conditions).

Section 
1

Introduction

This Technical Memorandum was developed in order to summarize the efforts completed to-date by the Colorado Mountain College Natural Resource Management Institute (CMC NRMI) in regards to the Evans Creek watershed water quality studies.  A series of sampling events have been completed through the course of the summer (year 2000).  Some of the analytical results from these events have been validated and provided to CMC NRMI.  Other data sets remain inaccessible since they are being validated by the laboratory.  The results of some of these initial data sets have served to identify possible source areas of contamination to the receiving drainages of Lincoln Gulch, S. Evans and Evans Creek.

As per recent discussions between the U.S. Environmental Protection Agency (EPA), the Parkville Water District, the U.S. Bureau of Reclamation (BOR) and CMC/NRMI, it appears that certain constituents (specifically lead) are being detected in ‘raw’ water supplies to the Parkville water district.  This raises concern and questions in regards to the source.  In response to these concerns, the EPA has asked CMC/NRMI to complete the following; 

1) an evaluation of existing analytical data in order to determine possible source (point and non-point) areas (Task 1), 

2) to design and complete a comprehensive sampling event capturing possible source areas by sampling for both surface water and solids media within the affected drainages (Task 2), and 

3) to provide professional recommendations in regards to hydrologic designs that can be implemented so as to control source releases that ultimately reach the Parkville district (Task 3).

This document provides initial responses to all three of the above tasks.  These recommendations are DRAFT and subject to change pending review from the EPA, CDPHE and others. 

This document provides an evaluation of the existing data gathered from the summer of 2000 sampling events – Task 1(specifically from the events of 5/22 and 5/23/00).  The results of this interpretation were used to develop the comprehensive sampling strategy – Task 2.  Components of the first two tasks were folded together with the professional hydrologic evaluation of the watershed condition in order to provide recommendations in regards to source release control – Task 3. The following sections address the above tasks.
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Task 1 – Evaluation of Existing Data for the Evans Watershed

This Section describes 1) the sampling events completed to-date, 2) a summary of the data (field water quality parameters and existing analytical) obtained and 3) an interpretation of the observed constituent loadings based upon the data obtained. As previously mentioned, only a subset of the data gathered has been relinquished by the laboratory.  Currently, we have two of the four data sets at our access.  For completeness of this document, copies of the field notes (which contain summaries of the water quality parameters) are provided in Attachment A while analytical data summaries from the two events are provided in Attachment B to this report.  Note:  Attachment A and B of this document have been folded into the Appendices for each event.  This document is now Attachment A.

2.1 Summary of Sampling Events Completed

Several sampling events were completed during the course of the summer.  The sampling events were held in response to snow melt and precipitation events.  This was required since many of the tributaries within the Evans watershed area are ephemeral in nature and do not sustain any base flows during the summer.  A summary of the sampling events conducted to-date by CMC NRMI include:

· 5/22/00 – Twenty-one samples of surface water from seven sample locations within west Evans, Evans, and Lincoln Gulch were collected.  These samples were collected towards the evening after a warm day of north aspect dominated snow melt-off.  In-situ water quality measurements of pH, conductivity, and temperature were collected and site observations were noted at each location.  Samples of water were collected in order to obtain total and dissolved (filtered sample) fractions.  Both fractions were submitted for target analyte list metals analysis to Envirochem (contracted through the BOR).  CMC NRMI has obtained the analytical results from this effort.

· 5/23/00 – Fifty-two samples of surface water from seventeen sample locations within Evans, south Evans and Lincoln Gulch were collected.  These samples were collected towards the evening after a warm day of north aspect dominated snow melt-off.  In-situ water quality measurements of pH, conductivity, and temperature were collected and site observations were noted at each location.  Samples of water were collected in order to obtain total and dissolved (filtered sample) fractions.  Both fractions were submitted for target analyte list metals analysis to Envirochem (contracted through the BOR).  CMC NRMI has obtained the analytical results from this effort.

· 8/15/00 - Twelve samples of surface water from four locations within Lincoln Gulch and diverted Lincoln Gulch were collected. These samples were collected towards the evening after a rain and hail event that lasted approximately 4 hours.  In-situ water quality measurements of pH, conductivity, and temperature were collected and site observations were noted at each location.  Samples of water were collected in order to obtain total and dissolved (filtered sample) fractions.  Both fractions were submitted for target analyte list metals analysis to Envirochem (contracted through the BOR).  CMC NRMI has NOT obtained the analytical results from this effort.

· 8/29/00 – Eighteen samples of surface water from five locations within South Evans were collected.  These samples were collected towards the evening after a rain event that lasted approximately 2 hours.  In-situ water quality measurements of pH, conductivity, and temperature were collected and site observations were noted at each location.  Samples of water were collected in order to obtain total and dissolved (filtered sample) fractions.  Both fractions were submitted for target analyte list metals analysis to Envirochem (contracted through the BOR).  CMC NRMI has NOT obtained the analytical results from this effort.

2.2 Data Summary

Currently, we have at our access; 1) the in-field water quality measurements collected by the CMC NRMI team during each of the four sampling events, and 2) the analytical results from the 5/22 and 5/23 sampling events.  Copies of the field notes from the events are provided in each date ordered Appendix while data summaries from the CMC NRMI sample tracking database and the analytical reports are provided in Attachment C.

The data was evaluated by drainage (S. Evans, Evans [main stem], Lincoln gulch and Diverted Lincoln).  Where available, sampling locations ‘above, within, and below’ the influence of the drainage itself were evaluated to determine constituent loading over distance.  Water quality measurements of pH, conductivity, and the analysis results for arsenic, cadmium, copper, lead, manganese and zinc were evaluated.  The following summarizes the findings for Water Quality and Site Observations, Analytical Data Interpretation, and the Uncertainties associated with the evaluation.

S. Evans: 

· Water Quality and Site Observations: The data evaluated were gathered from locations within S. Evans and locations above and below its confluence with the main stem of Evans.  The locations evaluated include; EGO3, WE01, SEG01, SEG02, SEGO3, SEG04, SEG05, and EG05. The water quality measurements of pH and conductivity were comparable amongst locations indicating that there is a consistent water quality within it. The pH varied from a low of 6.6 (location SEG04) to a high of 7.5 (location EG05). 

· Analytical Data Interpretation: The results of the analytical information indicate a consistent water quality as well.  The observed concentrations of the constituents were comparable amongst locations. The difference between constituent concentrations in the total vs dissolved fractions was consistently significant for each of the metals.  This indicates that the constituents are associated with the sediment fraction.  Very little of the observed concentrations are in the dissolved phase. Comparison of the data between locations indicates a possible source area between locations SEG 03 and SEG 04, between locations SEG 04 and SEG 05.  Concentrations of some of the constituents increase by orders of magnitude between these locations. The trend of observed concentrations indicates a ‘settling’ effect.  Over time and distance the concentration of the constituents falls.  This observation supports the inference that the constituents are in the ‘total’ phase associated with sediment.

· Uncertainties: Of potential concern from an analytical standpoint are the elevated ‘dissolved’ concentrations of copper as compared to the total concentrations.  These values appear to be inverted, however upon review of the data packages the instrument methods have a ‘drift’ in their recovery. Therefore, these observed discrepancies could be due to the fact that the observed concentrations are at or close to the detection limits.

Evans:

· Water Quality and Site Observations: The data evaluated were gathered from locations above and below tributaries to Evans.  The locations evaluated include; WE01, EG05, WE02, EG04, EG01, and EG02.  WE01 occurs at the headwaters, EG05 below S. Evans, WE02 below Lincoln Gulch, EG04 and EG02 below Johnson Gulch and EG02 below Little Evans. The water quality measurements of pH and conductivity were comparable amongst locations indicating that there is a consistent water quality within them. The pH varied from a low of 7.2 (location EG02) to a high of 7.5 (location EG05). 

· Analytical Data Interpretation: The results of the analytical information identify source areas to the creek.  Overall, the water quality is relatively consistent.  However, significant contributions of arsenic, copper, lead, manganese and zinc were observed at location WEO2 indicating that Lincoln Gulch is a source area. A comprehensive evaluation of the Lincoln Gulch water quality is provided in the next paragraphs.  As the constituent concentrations are evaluated over distance (progressing down-gradient) there appears to be a recovery zone below Lincoln gulch where some of the observed metals concentrations fall (by a small margin between locations WEO2 and EG04).  However observed concentrations of lead, manganese and zinc again climb between locations EGO4 and EGO2 identifying another potential source area. The difference between constituent concentrations in the total vs dissolved fractions was NOT consistently significant.  It appears that observed concentrations of arsenic, cadmium, copper and lead are associated with the Total phase, while manganese and zinc are in solution (dissolved).  This trend does not appear to be pH mediated indicating a soluble source is present within the lower reach of Evans.  The constituents in the total phase are associated with the sediment fraction.  Comparison of the data between locations indicates a possible source area of Lincoln gulch and between EGO4 and EG02.  Concentrations of some of the constituents increase by orders of magnitude between these locations. 

· Uncertainties: There is no analytical data available for location EGO1 that would serve to assist in identifying a possible source area between EGO4 and EGO2. 

Lincoln Gulch:

· Water Quality and Site Observations: The data evaluated were gathered from locations within Lincoln Gulch, and locations above and below its confluence with Evans.  The locations evaluated include; LGO1, LGO2, LGO3, EGO5 and WEO2.  EGO5 occurs above the confluence, LGO1 through O3 occur within the gulch and WEO2 occurs below the confluence with Evans. The water quality measurements of pH and conductivity within the Gulch were consistently low ranging from 2.5 to 3.7.  The pH at the ‘above’ location (EGO5) was 7, and the pH at the ‘below’ confluence location was 6.3.  These values indicate that Lincoln is a source area of ‘acid’ releases.  The observed conductivity measurements increased dramatically between events indicating a high sediment load from erosion.  The conductivity values from the above and below locations indicate a high settling rate (recovery). 

· Analytical Data Interpretation: The results of the analytical information indicate that Lincoln gulch is a significant source of constituents to the Evans watershed.  The observed constituent concentrations are at times, 3 orders of magnitude greater within the gulch as compared to concentrations within Evans. Also of consideration is the fact that Lincoln Gulch concentrations are in the dissolved phase.  It appears that the gulch is a source of solubilized metals.  Levels of arsenic, cadmium, copper, lead, manganese and zinc in the dissolved phase were 85, >100, 81, 43, 80, and 83% of the total fraction, respectively.  Comparison of the Lincoln Gulch constituent concentrations to the concentrations observed at the location below the Evans confluence (WEO2) identifies a significant recovery rate.  This is likely due to the fact that the pH at the confluence approaches neutral levels thereby precipitating most all of the divalent metals.  This complexation allows for settling of the metals into the solid phase.  Unfortunately, an acidic pulse could remobilize these constituents (arsenic being of particular concern).  The comparison of total vs dissolved fractions of the metals is not consistent.  It appears that copper and lead are complexed into the solid phase, while significant portions of manganese and zinc remain in the solution (dissolved phase).  Arsenic and cadmium could not be evaluated since the detection limits were comparable to the reported concentrations.  This introduces uncertainty in the data of these two elements. 

· Uncertainties: Of potential concern from an analytical stand-point are the elevated ‘dissolved’ concentrations of cadmium and copper as compared to the total concentrations.  These values appear to be inverted, however upon review of the data packages the instrument methods have a ‘drift’ in their recovery (the range of drift for cadmium is from 1 to 100 ug/L as compared to the observed concentrations ranging from 0.3 to 165 ug/L). Therefore, these observed discrepancies could be due to the fact that the observed concentrations are at or close to the detection limits.

Diversion:

· Uncertainties:  There are no data available for this tributary to-date.
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Task 2 - Recommendations for Further Data Collection

Upon review of the existing field design and the obtained data, it was determined that further sampling could be implemented in order to capture potential source areas to the watershed.  As is, the current field design captures certain problematic areas but does not definitively encapsulate the sources.  In response, the CMC NRMI field team members who have lead the sampling events to-date, re-visited the drainages and identified 14 additional sampling locations.  These locations when added to the current list of locations will better define the constituent loading source areas.

Figure 1 provides a schematic depiction of all the sampling locations.  A brief description of the rationale for their selection and location is provided as follows:

1) Irene location – IRENE-1 - to collect diverted surface water from around the Irene mine and surface runoff from the mine itself.   

2) Ibex locations – to isolate the effects of seeps and drainages within the Ibex catchment before and they reach diverted Lincoln Gulch.

3) Hope location – to isolate the effects of the culvert draining the northern side of Ibex as well as the hillside near the Hopemoore mine before it reaches the old Lincoln gulch drainage.

4) Carbonate Pile (CARB) locations – to isolate the effects to surface runoff both before and after passing through the carbonate piles up gradient from diverted Lincoln Gulch.  

5) South Evans Tributary (SET) locations – SET-1- to isolate the effects of the catchment encapsulating the existing rock quary southwest of South Evans Gulch.  SET-2- to isolate the effects of the catchment encapsulating the waste piles on the south side of the road below Ibex that heads east at diverted Lincoln gulch.  SET-3- to isolate the effects of the drainage encapsulating the waste and mine shaft located to the west of diverted Lincoln before it reaches the diversion.  SET-4- to isolate the effects of the catchment immediately west of SET-3 and southwest of SEG-04.  SEG-JD- to isolate the effects of the roads draining the southern aspect of disturbed and undisturbed lands to the north and east of SEG-04.

6) Evans Gulch (EG) locations – original locations, along with WEG locations, isolate the Evans Gulch basin before and after the confluences of South Evans, West Evans, and Lincoln Gulch drainages. 

7) South Evans Gulch (SEG) locations – original locations isolate the South Evans Gulch drainage before and after the confluence of each considerable tributary.

8) West Evans Gulch (WEG) locations – original locations isolate the West Evans Gulch drainage before and after the confluence of each considerable tributary.  WEG-DM will serve as background for the undisturbed west Evans Gulch watershed.

9)  Lincoln Gulch (LG) locations – original locations isolate the effects of the catchment draining the land west of diverted Lincoln Gulch as well as the effects of the Hopemore drainage tributary into Lincoln Gulch.

The entire suite of locations will be sampled in a comprehensive event when flow conditions permit.  The water will NOT be sampled in a synoptic event; instead each location will be sampled during the course of a single precipitation event in order to characterize the water quality conditions as a result of overland flow.  The locations will be sampled in a sequential manner, beginning at the lower-most locations and progressing up gradient.  At each location, the following samples will be gathered;

A. Surface water – three fractions comprised of 1) total target analyte list metals, 2) dissolved (filtered) target analyte list metals, and 3) water quality parameters (alkalinity, hardness, conductivity and other).

B. Sediment – [defined as saturated bottom substrate material] – two fractions comprised of 1) metals analyzed by XRF x-ray fluorescence and 2) standard parameters [grain size comp.]

Surface water will be collected by ‘grab’ methods and taken by direct immersion of the sample bottles into the surface water.  Samples will be labeled prior to collection.  Samples will be filtered in the laboratory upon completion of the sampling event.  Samples will also be preserved in the lab after the event.  All fractions obtained will be sent to Envirochem for analysis as per procedures and analysis requirements described between the BOR and Envirochem.

Sediment will be collected by ‘composite’ methods in which a sufficient sample size (16 oz or greater) will be collected by hand or by use of a decontaminated trowel and transferred to a stainless steel bowl for homogenization.  Once homogenized, an aliquot for the XRF analysis will be placed within an 8 oz decontaminated wide mouth glass (Teflon lined lid) jar.  A second aliquot, also placed within an 8 oz decontaminated wide mouth glass (Teflon lined lid) jar.  The XRF aliquot will be shipped to Camp Dresser and McKee (point of contact – Steve Fundingsland) while the parameters aliquot will be shipped to Envirochem Analytical.

At each location, a standard suite of water quality parameters will be collected.  These include temperature, pH, and conductivity.  In addition, site observations including noticeable mass wasting, erosion, turbidity and flow conditions will be recorded in the field book.  Due to the number of samples to be collected, an aggressive suite of quality assurance/quality control samples are recommended for this effort.  These are summarized as follows;

· A 1 in 20 frequency for an in-field set site Duplicate for both surface water and sediment

· A 1 in 20 frequency for an in-field created Matrix Spike/Matrix Spike Duplicate for both surface water and sediment

· Two field blanks (or bottle blanks) 1) for the bottles used for surface water collection and 2) for the bottles used for sediment collection

· Two equipment rinseates; 1) for the surface water collection apparatus (tubing, pump etc.) and 2) for the sediment collection apparatus (trowel, steel bowl)

Since the surface water samples are distinct grab samples, there is no need for decontamination procedures within the field.  However, for the dissolved fraction separation methods, the tubing for the pump will be changed for each sample so as to eliminate cross contamination.  The sediment samples will all be collected using the same pieces of equipment (trowel and a bowl).  Thus, these pieces will be decontaminated between each location by rinsing with deionized water, followed by an alconox solution, followed by a triple deionized water rinse.  All equipment pieces will be protected from cross contamination by being wrapped in plastic while not in use.

Field documentation will be comprised of a field notebook containing the date, type of event, purpose and objectives, sampling team members, site, flow and erosion observations, calibration notes, sample collection times, photo-documentation notes, in field water quality parameters, drift calibration notes, and shipping information. 

Chain of custody records are kept by two methods 1) the CMC NRMI sample tracking database, and 2) the standard required COC forms for Envirochem.  The CMC NRMI database is part of sample tracking and summarizes water quality parameters and field observations.  The analytical data sets and the completed required COC forms are linked and available through the CMC NRMI database.

The roles and responsibilities of the field team members are as follows:

A.J. Kruchten and Jord Gertson – oversight of the collection, handling, and shipment of surface water and sediment samples.


CMC Students – execution of field sampling procedures in a manner that satisfies EPA and BOR requirements for surface water and sediment sampling QA/QC.
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Task 3 – Recommendations for Hydrologic Conditions

Recent information gained from Parkville District water sampling efforts indicates that certain constituents (specifically lead) are elevated in the ‘raw’ water source to the district.  As a result, inquiries as to the source of the constituents have been raised.  In response, CMC NRMI was requested to design and conduct a comprehensive sampling event to characterize the possible point and non-point sources to the watershed.  They were also asked to evaluate existing data from previous sampling events so as to identify possible source areas.  The last component to the watershed evaluation was to determine if there are hydrologic control methods that could be implemented so as to improve water quality conditions of constituent loading and sedimentation.  Parkville Water District personnel provided some initial recommendations for water conveyance.  These recommendations were reviewed by CMC NRMI personnel to determine the efficacy of their use.

This section provides a summary of the hydrologic conditions within the watershed and provides an evaluation of the possible near-term alternatives that could be implemented to control the immediate concern of sediment loading.  As a result of these near-term ‘alternatives analysis’, a series of long-term considerations were identified.  While the near-term alternatives may abate sediment loading, this may not absolutely control constituent loading (i.e. metals) since many of the constituents are in a soluble phase.   

This evaluation and the professional recommendations provided were formulated on several assumptions.  These are summarized as follows:

Primary assumption

The goal of the alternatives design needs to reduce sediment and constituent loading to the Parkville Water Supply

Secondary assumption

The alternatives design needs to assure that the remedy does not adversely affect down-gradient water users (down-gradient from the Parkville Water District)

This section provides the following;

Alternatives and Long-term Considerations – which describe possible alternatives and long-term remedy strategies so as to control the amount of sedimentation/sediment flow and deposition within the watershed.  The Parkville district supplied an initial design, which was reviewed by the CMC NRMI.  In addition, other designs were formulated based upon site conditions, data evaluation results etc.  This subsection provides a list of possible remedy alternatives, which can be implemented in whole or in part.  As a whole, the suite of remedy designs would most effectively abate the sediment loading.  However, recognizing time and monetary limitations, these remedy alternatives could also be implemented in part. As a result of the evaluation of the alternatives, a series of long-term considerations began to formulate.  The remedy alternatives would largely address the sediment loading, and to a much lesser extent, the constituent loading.  However, since the constituents are present within the dissolved phase, these alternatives may not entirely address the site conditions.  Therefore, a series of long-term considerations were brought forth and are presented in this subsection.

Professional Recommendations – A weight of evidence analysis of the alternatives was completed in order to develop a suite of alternatives that would be the most effective to meet the primary and secondary objectives.  These are considered professional recommendations for further consideration.

Uncertainties and Limitations – This evaluation was constructed based upon existing data and existing information regarding flow, watershed characteristics, and meteorological parameters.  This entire section provides a professional recommendation based upon cursory, conservative watershed estimation methods.  As a result, this evaluation has uncertainties and limitations to it.  A summary of these limitations is provided.

3.1 Alternatives and Long- Term Considerations

The following summarizes the alternatives that could be implemented for sediment control.  For each alternative a discussion of the rationale for its use, and the associated pros and cons are described. In addition, each alternative has distinct long-term considerations, which add to the weight of evidence evaluation to identify the most appropriate remedy.

1. Rip-rap the storm-water channel along the south-west side of 5th Street between the IBEX and Irene areas.

Rationale:
This is a source area for sediment due to the erosion potential attributable to the bank and channel slope, size of the catch-ment area, and the average particle size within the channel.

Pros: 
Minimize the head-cut erosion, sediment suspension and flow velocity. Simple ‘physical’ remedy design (cost and time effective).

Cons: 
Saturation of rip-rap assimilative capacity. Design does not address the dissolved fraction of the constituent load.

Long-term Considerations:
Design may not address dissolved constituent loading over time. 

2. Remove current culvert diversion at the road intersection between the IBEX and the Irene.

Rationale: Culvert is a source of erosive energy that needs to be re-directed or minimized.

Pros:
Minimize the current diversion erosion and future sediment deposition. Could be a source of transport of dissolved constituents from the diversion to the wetlands area in S. Evans Gulch.

Cons:
There is significant potential and kinetic energy associated with the water flow that requires control.

Long-term Considerations:
Design may not address dissolved constituent loading over time.  

3. Installation of a sedimentation pond above location LGO1 with the overflow to be routed through the placer ditch, which bypasses Parkville’s settling pond. 

Pros:
Will remove suspended sediment associated with the drainage and will abate the kinetic energy of the flow.  This design also relies upon existing watershed features.

Cons: 
Current conditions of the ditch would support flows from a 100-year 24-hour event [based upon an SCS Type II evaluation – provided in Attachment B].  A proposed secondary alternative was designed to address this concern (see footnote)*.  In addition, the placer ditch has remained inactive for decades.  The re-activation of this channel would require clearing of vegetation, dredging of bottom solids, redesign of culvert at 7th St., and some re-establishment of the channel path. 

Long-term Considerations:
Eventual sediment saturation of the proposed pond could be developed into a constructed wetland for constituent loading control.  Sediment loading will require further control with the construction of additional ponds or with the dredging of the original pond. 

Alternative No. 3 represents a ‘blend’ of alternatives designed by the Parkville District and the CMC NRMI.  Parkville recommended the use of the ‘Placer Ditch’, which is an historic water conveyance route that circumvents the Parkville ponds.  This ditch was possibly used for placer water routing.

*The proposed secondary alternative to address the 500-year, 24-hour flow events is comprised of installation of an over-flow spillway, which would feed to Evans Gulch. Although this presents a release to Evans, it is likely to be an uncommon episode. 

4. Re-divert the clean-water that is currently flowing into IBEX mine waste/tailings to the proposed Alternative #1. There is currently a storm-water conveyance along 5th street, however as part of this alternative it is recommended that the channel be rip-rapped so as to maintain water quality.

Rationale:
This water source is currently being diverted through waste areas that could be a source of constituent loading.  This water would act as dilution to other runoff from the mining areas.  Thus, the re-routing of this water would effectively dilute the water quality within the Lincoln drainage. 

Pros: 
Dilution and minimization of the constituent loadings.  

Cons:
Remedy footprint occurs within ASARCO property.  Design requires channel modification including rip-rap and rerouting.

Long-term Considerations:
Alternative design will address constituent loading.

5. Enhancement of existing wetlands and source control of fluvial tailings located below location LGO1 (above the confluence with Evans on Lincoln Gulch).

Rationale:
This area contains existing wetlands that could assist in further constituent removal.  Often the use of the existing wetland features is successful at removal of metals from solution.  This area is a source of suspended sediments during overland flow.  The construction of a buffer zone would eliminate or control this source.

Pros:
Removal of dissolved constituents and sediment from the drainage.

Cons:
Possible logistics of constructing wetlands features is dependent upon the site hydrology and soil profile.  Source control methods are unknown and dependent upon site conditions. 

Long-term Considerations:
Alternative design will assist with dissolved constituent loading.  Maintenance of the wetland may be an issue (i.e. saturation of wetlands capacity).

6. Hydrologic connection of the Lincoln Gulch water that originates on ASARCO property (Irene area) with the existing Yak tunnel mine drainage system. 

Rationale:
The existing Yak treatment system could be used to treat the dissolved constituents.  The affected area (Lincoln gulch) is closely located to the Yak system.  The establishment of a communication between the gulch and the Yak system would eliminate the need for any surface treatment alternatives and also satisfy the water quality needs of the downstream users.

Pros:  
This alternative would address both the sediment and constituent loading issues. It would also utilize an existing remedy.

Cons:
Logistical issues in the design of a communication link between Lincoln gulch and the Yak system.

Long-term Considerations:
This design would meet both the primary and secondary objectives.  

3.2 Professional Recommendations

It should be emphasized that the above alternatives are all ‘proposed’ for further consideration.  Any of these alternatives can be implemented in part or as a cumulative whole (all combined). CMC NRMI’s professional recommendation is as follows;

Considering site conditions and Arkansas River watershed water quality issues, the best viable alternative that encapsulates current and long-term water quality issues would be the use of the existing Yak treatment system (which has a demonstrated success at water treatment).  After review of existing data, it appears that constituents are predominantly being supplied from IBEX complex.  Therefore, it seems that source control of this area would be the most effective means by which to improve and control water quality.  Most of the identified alternatives (Alternatives 1 through 5) are ‘temporary’ controls of surface media.  They all have temporal limitations and uncertainties.  At some point in the future, their design will reach a ‘saturation’ point.  

It should be noted, that a significant amount of evaluation was put forth in the selection and design of the Alternatives.  Supportive documentation for the evaluation of water conveyance within the Placer ditch is provided within Attachment B.  The Parkville district first proposed the use of the placer ditch.  However, upon review of site conditions it was determined that a significant amount of work would be needed in order to use this ditch as a conveyance channel.  In addition, the channel has limits to its absolute capacity.  

3.3 Uncertainties and Limitations

This evaluation was dependent upon the evaluation of the hydrologic capacity of the Evans watershed.  Existing information gathered from a variety of sources was relied upon.  The hydrologic capacity of the placer ditch was completed with the use of site variables such as watershed area, slope, hydraulic length, and curve number, and Manning’s ‘n’. These variables were all single value estimates based on watershed characteristics.  The models used were ‘Technical Release 55’ (source electronic modeling software) and independent algorithms developed specifically for this area (source J. Gertson).  Some of the specific uncertainties associated with these models are as follows;

· Models based on rainfall – not snow melt conditions

· Model parameters represent a single snap shot of site conditions. Year-round information is lacking

· Survey data was minimal due to the time constraints.

If further quantification of the watershed hydrology conditions is needed, it is recommended that a more comprehensive survey data set be gathered and more site-specific hydrologic variables be quantified (such as the placer ditch diversion specifications).
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