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Former Upper Ore Storage Area between Upper Lake and Lower Lake 

The area between Upper and Lower Lake formerly contained stockpiles of ore and fluxes, as 

well as soil piles and construction debris from historical plant site activities.  Storage of ore 

in this area was discontinued in 1989 and remaining ore materials were removed (see Figure 

4-1-7).  

 
Soil quality data were collected between Upper and Lower Lake as part of several 

investigations. 

 
• Eight exploratory test pits (LLB-1 through LLB-8) were excavated and sampled in 

1990.  Soil samples were collected from the test pits at depths of 1 to 2 feet, 2 to 3 

feet, 3 to 5 feet and 9 to 10 feet.  These samples were analyzed for total and TCLP 

metals.  The test pits were exploratory in nature and were not conducted as part of the 

RD/RA program.   

• Soil samples were also collected between Upper and Lower Lake in October 1993 

during installation of monitoring wells APSD-9 through APSD-12.  Soil samples 

were collected at two-foot intervals to depths of 14 to 16 feet and analyzed for total 

arsenic and metals.  

 
Sample locations are shown in Figure 4-1-6.  The test pit and APSD drilling and analytical 

results were presented and discussed in the March 1994 Pre-Final (90%) Design Report for 

Lower Lake and are summarized in Table 4-1-8.  

 
The soils data from APSD 9 through 12 show soil arsenic concentrations ranging from 58 

mg/kg to 2,525 mg/kg in the soil pile areas between Upper and Lower Lakes with the highest 

concentrations present at DH-9 and DH-10 at depths of 8 to 10 feet. Similar or higher 

concentration ranges were reported at shallow depths in test pits LLB-1 through LLB-8.  

Cadmium concentrations ranged from 1 to 396 mg/kg in the APDS wells and lead ranges 

from 366 to 28,651 mg/kg.  All eight of the LLB test pit locations had samples failing TCLP 

for 1 or more parameters (see results in Table 4-1-9). 
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1.1.34.1.3  Stockpiles 

There are four stockpiles areas on the plant site (Figure 4-1-7) consisting of the following: 

 

1. Soil stockpiles between Upper Lake and Lower Lake (estimated 17,000 cubic yards); 

2. The Shew Ridge soil stockpile along the western boundary of the lower ore storage 

yard  (volume unknown); 

3. The Lower Lake sediment stockpile in the lower ore storage area (27,000 cubic 

yards); and  

4. The lower ore storage area stockpiles (24,000 cubic yards). 

 

Asarco has proposed constructing an on-site containment facility, which would serve as a 

remedial action measure for a large portion of these soils. A Corrective Action Management 

Unit (CAMU) Draft Design Report (Hydrometrics, 1997b) describing this proposal has been 

submitted to EPA for review and comment. 

 

Stockpiles between Upper and Lower Lake 

The area between Upper and Lower Lake formerly served as the Upper Ore Storage Area and 

contained stockpiles of ore and fluxes, as well as soil piles and construction debris from 

historical plant site activities.  Storage of ore in this area was discontinued in 1989 and 

remaining ore materials were removed.  However, piles of soil and construction debris 

remain.  

 

Soil samples were collected from existing stockpiles in 1994 as part of the preliminary 

design analysis for the CAMU and analyzed for total arsenic and lead.  The sample results 

are shown on Exhibit 4-1-4.  Thirty eight separate samples were collected from soil 

stockpiles in area between Upper Lake and Lower Lake (see sample results on Exhibit 4-1-4 

for Pile#101  
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through Pile#115). The sampling results indicate arsenic is present in soil stockpiles at 

concentrations ranging from 228 to 14,290 mg/kg and lead at concentrations ranging from 

3,004 to 46,341 mg/kg. Asarco has included removal of all of the soil stockpiles from this 

area as part of a CAMU proposal (see Section 5). 

<THE FOLLOWING DISCUSSION OF SUBSURFACE SOIL QUALITY DATA HAS 

BEEN MOVED TO SECTION 4-1-4> 

 

Soil quality data were collected between Upper and Lower Lake as part of several 

investigations. 

 

�Eight exploratory test pits were excavated and sampled in 1990.  Soil samples were 

collected from the test pits at depths of 1 to 2 feet, 2 to 3 feet and 3 to 5 feet and 

analyzed for total and TCLP metals.  The test pits were exploratory in nature and 

were not conducted as part of the RD/RA program.   

�Four boreholes (APSD 1 through 4) were completed in the former acid plant sediment 

drying area adjacent to Lower Lake and two boreholes (APSD-5 and APSD-6) were 

drilled in the area between Upper and Lower Lakes in 1991.  Soil samples were 

collected at 2 foot intervals to depths of 14 to 17 feet. The samples were analyzed for 

EP Toxicity. 

• Soil samples were also collected between Upper and Lower Lake in October 1993 

during installation of monitoring wells APSD-9 through APSD-12.  Soil samples  

• were collected at two-foot intervals to depths of 14 to 16 feet and analyzed for arsenic 

and metals by XRF.  

 

Sample locations are shown in Figure 4-1-3. The test pit and APSD drilling and analytical 

results were presented and discussed in the Pre-Final (90%) Lower Lake Remediation Project  
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FIGURE 4-1-3.  SOIL BORING, MONITORING WELL BORING AND TEST PIT 

LOCATIONS IN THE UPPER.LOWER LAKE AREA 

(K:\DATA\PROJECT\0867\ULLOCAT.CDR) 

 

Report in March 1994 (Hydrometrics, 1994b). The analytical results are in the CC/RA soil 

data base in Appendix 3-1-2, and soil boring and monitoring well logs are in Appendix 4-4-

1. 

 

The soils data from APSD 9 through 12 show soil arsenic concentrations ranging from 58 

mg/kg to 2,525 mg/kg in the soil pile areas between Upper and Lower Lakes with the highest 

concentrations present at DH-9 and DH-10 at depths of 8 to 10 feet. Similar or higher 

concentration ranges were reported at shallow depths in test pits LLB-1 through LLB-8.  

Cadmium concentrations ranged from 1 to 396 mg/kg in the APDS wells and lead ranges 

from 366 to 28,651 mg/kg.  All eight of the LLB test pit locations had samples failing TCLP 

for 1 or more parameters (see results in Appendix 3-1-2). 

 

A Supplemental Environmental Investigation (SEP) for the area between Upper and Lower 

Lakes is in progress and specifies removal of contaminated stockpile soils from this area.  A 

remedial action plan addressing soil removal in this area has not been completed.  However, 

Asarco has included removal of soil stockpiles from this area in the CAMU proposal (see 

Section 5).  

 

Shew Ridge, Lower Lake Sediment and Lower Ore Storage Stockpiles 

In 1989, a new concentrate storage and handling building (CSHB) was constructed as part of 

the ROD requirements to contain ore stockpiles stored outdoors in the ore storage yard. 

During construction, soils from the building excavation were visually segregated and then 

later tested by EPTOX.  Soils passing EPTOX were placed in the Shew Ridge soil stockpile 

along the western perimeter of the lower ore storage yard.  The remaining soils were placed 

in a second stockpile in the lower ore storage yard (Figure 4-1-7).  The original EPTOX 

analyses were not located during the file review for this project.  Additional sampling is, 
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therefore, included as an identified data need for establishing the final disposition of soils in 

the Shew Ridge soil stockpile (see Section 5).   

 

In addition to soils excavated during construction of the CSHB, the lower ore storage area 

also contains soils excavated as a result of lead SIP and CERCLA remedial activities on site.  

In 1994, there was a total of about 50 separate piles in the lower ore storage area consisting 

of a variety of materials including excavated soils, concrete rubble, wood, fines, asphalt, and 

slag and organic matter.  Material from those stockpiles was sampled and analyzed by XRF 

for lead and arsenic.  Analytical results are in Appendix 3-1-3 (“pile” series samples) and are 

summarized on Exhibit 4-1-4. Average concentrations of lead and arsenic were 20,900 ppm 

and 3250 ppm, respectively.  Those materials have since been consolidated into one area of 

the lower ore storage yard next to the Lower Lake sediments (Figure 4-1-7).  Asarco has 

recommended the 24,000 cubic yards of material in stockpiles in this area be placed in the 

proposed CAMU. 

 

A Lower Lake sediment stockpile is also in the Lower Ore Storage Area.  Sampling and 

dredging of bottom sediments from Lower Lake was one of the remedial actions specified in 

EPA’s 1989 ROD.  The dredged sediments were mechanically dewatered and the filter cake 

from the dewatering operation was transported to an interim covered stockpile in the Lower 

Ore Storage Area.   

 

Prior analyses of soil cores from Lower Lake indicate that these sediments would likely fail 

TCLP (see Appendix 3-1-1, “LLB series data”).  Accordingly, the ROD required that the 

dewatered sediments by stored in the concentrate storage and handling building (CSHB) until 

they could be smelted.  During remedial design, it was discovered that the volume of dried 

sediments would be too great to store in the CSHB. A Short-Term Storage Plan 

(Hydrometrics 1997d) was prepared and submitted to EPA.  Following EPA review of the 

Short-Term Storage Plan, a temporary cover for the dewatered sediments was implemented.  

As a result, the sediments currently reside in a short-term storage facility located in the ore 
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storage area.  The sediments are being stored in a protected environment to prevent 

contamination of the adjacent area from dispersion of the sediments by wind and water.  The 

sediments are located on a concrete pad to prevent contact with adjacent soils.  A 

containment berm around the perimeter of the sediment pile diverts run-on.  A geomembrane 

cover over the sediments prevents wind and water dispersion and eliminates subsequent 

generation of leachate. 

 

Approximately 31,000 cubic yards of dewatered sediments were transported to the Lower 

Ore Storage Area.  Four thousand cubic yards of these sediments were smelted prior to the 

stockpile being covered with a geomembrane liner in October 1997.  The sediments will 

remain in this interim storage facility while EPA considers Asarco’s request to modify the 

sediment smelting requirement of the ROD, and instead dispose of these materials in the on-

site CAMU.   

 

4.1.4 Slag 

The effect of the slag pile on groundwater and surface water was evaluated as part of the 

1990 Comprehensive RI/FS.  The evaluation was conducted in accordance with procedures 

presented in the Comprehensive RI/FS Work Plan (Hydrometrics 1987).  Based on the 

results of the evaluation, the RI/FS concluded that the potential for impacts to groundwater 

and surface water from slag is low and the subsequent ROD did not specify any remedial 

action for the Slag Pile Operable Unit. Post-RI/FS monitoring at adjacent surface water and 

groundwater monitoring sites is on-going.  A summary of the slag investigation and the 

findings of the RI relative to slag are presented below. 

 

4.1.4.1 Investigation of Potential Groundwater Impacts 

Slag Infiltration Test Basin Construction, Water Level Measurement, Water Quality 

Sampling and Analysis 

Infiltration and percolation of precipitation into the slag pile were directly measured in slag 

test basins constructed in fumed and unfumed slag.  Fumed slag is a by-product of the zinc 
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recovery process, which consisted of air injection into molten slag to recover zinc oxide.  

Unfumed slag is a by-product of the blast furnace which has not been further processed 

through the zinc recovery process.  The zinc recovery process was suspended in 1982 and 

zinc is no longer recovered from the slag.  Since 1982, unfumed slag has been placed in an 

area segregated from fumed slag.   

 

Two slag infiltration catchment basins were constructed; one in a typical location in the 

fumed slag, and one in a typical location in unfumed slag.  Construction of the test basins 

included removal of a 2 to 3 meter layer of slag, placement of an impervious 36-mil 

reinforced Hypalon liner in the excavation, installation of a collection sump, and replacement 

of the slag.  Figure 4-1-8 shows the slag test basin design.   

 

Water elevations in the collection sumps were measured periodically, and after rainfall or 

snowmelt events to determine the actual accumulation of water in the slag basins.  Collected 

water was pumped from the sump, sent to the TSC laboratory, and tested for the parameters 

listed in Table 3-2-2.  Analytical results of water collected in the test basins are summarized 

in Appendix 4-1-2.   

  
Slag Material Sampling and Analysis 

To supplement slag information collected from the test basins, samples of slag were collected 

from the test basin sites and sent to the TSC lab for “bottle roll” tests. Estimates of slag 

leachability were obtained by conducting “bottle roll” test on slag samples.  Bottle roll tests 

involved placing samples of slag in bottles in the laboratory, adding deionized water, 

agitating the bottles for approximately 24 hours, then analyzing the water for concentrations 

of arsenic and metals.  Details of the bottle roll extraction tests are in the Quality Assurance 

Project Plan (QAPP) Addendum to the Phase II Water Resources Investigation Work Plan 

(Hydrometrics, 1986).  Bottle roll test results are in Appendix 4-1-2.  
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In addition to the slag sampling and bottle roll test performed as part of the East Helena RI 

activities, additional slag samples were collected and analyzed using the EP toxicity 

procedure.  Results of these analyses are also in Appendix 4-1-2.     

 
Assessment of Groundwater Impacts 

In an effort to estimate infiltration rates, the volume of water retained in the slag test basins 

was calculated for 13 time intervals, beginning December 23, 1986 and ending February 10, 

1988.  These volumes were compared to the volumes of precipitation during the same 

periods and converted to percentages, as summarized in Table 4-1-10.  The percentage of 

precipitation retained in the basins varied from -6.7% to 61.9% in the fumed slag, and -45% 

to 61.8% in the unfumed slag (negative percentages indicate evaporation rates exceed 

precipitation collected in the test basins).  Although there is a relationship of test basin water 

level fluctuations to precipitation (see Figures 4-1-9 and 4-1-10), the relationship may be 

complicated by variable evaporation, hence, infiltration rates are variable. 

 

Concentrations of arsenic and metals from test basin water samples (see Appendix 4-1-2) 

were low compared to plant area groundwater.  Dissolved arsenic varied from 0.0198 mg/l to 

0.075 mg/l in the fumed slag, and 0.353 to 0.590 mg/l in the unfumed slag during the study 

period.  Dissolved cadmium varied from 0.003 to 0.075 mg/l in the fumed slag, and 0.003 to 

0.0063 mg/l in the unfumed slag.  Dissolved lead varied from 0.016 to 0.045 mg/l in the 

fumed slag, and 0.021 to 0.098 mg/l in the unfumed slag. 

 
The concentrations of arsenic and metals from bottle roll testing (See Appendix 4-1-2) were 

similar to the slag test basin water quality.  For the fumed slag, dissolved arsenic was 0.19 

mg/l, cadmium was 0.003 mg/l, and lead was less than 0.017 mg/l.  For the unfumed slag, 

dissolved arsenic was 0.31 mg/l, cadmium was 0.003 mg/l and lead was 0.083 mg/l. 

 
EP toxicity tests (see Appendix 4-1-2) indicate that leachable trace element concentrations 

from the slag are variable.  From 18 tests, the results for arsenic varied from below detection 

level to 1.2 ppm with an average of 0.16 ppm; cadmium varied from below detection level to  
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TABLE 4-1-10.  PRECIPITATION COLLECTED IN SLAG TEST BASINS 

 

FUMED SLAG  
 

Date 

Precipitation 

(inches) 

Precipitation Retained * 

(Inches) 

Percent of 

Precipitation Retained 
12/23/86   
1/22/86 0  
2/23/87 0  
3/26/87 0.75 0.01 1.4
4/21/87 0.23 -0.01 -5.8
5/18/87 0.51 0.32 61.9
6/18/87 2.46 0.49 19.8
7/14/87 0.88 0.25 28.7
8/11/87 1.70 0.36 21.2
9/11/87 0.37 not calculated  

10/14/87 0.65 0.25 38.4
12/7/87 0.45 -0.02 -3.9
1/20/88 0.34 -0.02 -6.7
2/10/88 0.49 -0.01 -1.1

  
UNFUMED SLAG  

12/23/86   
1/22/87 0  
2/23/87 0  
3/26/87 0.75 0  
4/21/87 0.23 0.12 52.7
5/18/87 0.51 0.27 53.6
6/18/87 2.46 0.73 29.8
7/14/87 0.88 0.28 31.7
8/11/87 1.70 0.12 7.2
9/11/87 0.37 not calculated  

10/14/87 0.65 0.40 61.8
12/7/87 0.45 -0.05 -12.1
1/20/88 0.34 -0.15 -45.0
2/10/88 0.49 0.14 27.6

 

* Value is calculated based on measured water level changes and test basin geometry 

(Frustum of a general pyramid).  Negative values indicate evaporation exceeds infiltration. 
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3.9 ppm, with an average of 0.26 ppm (only one cadmium value was greater than 0.25 ppm; 

if the 3.9 ppm value is dropped, the cadmium average concentration is 0.04 ppm); lead 

values varied from below detection level to 30 ppm, with an average of 5.2 ppm. 

 

The EP Toxicity tests were not conducted as part of the Comprehensive RI/FS activities, but 

have been included as supplementary data.  The EP Toxicity results tend to overpredict the 

mobility of metals compared to the other test results and observed site conditions due to the 

low pH of the extractant.  In particular, the values for lead appear to be much higher with 

TCLP than with natural conditions. 

 

Concentrations of arsenic and other metals in the groundwater system are discussed in detail 

in Section 4.4.  In general, results of water quality from the slag basins and bottle roll 

analyses of slag indicate arsenic concentrations are significantly lower than concentrations 

observed in monitoring wells both upgradient and downgradient of the slag pile.  Figures 4-

1-11, 4-1-12, 4-1-13 and 4-1-14 show a comparison to slag test basin water quality, bottle 

roll test water quality, EP Tox test results, and groundwater quality upgradient and down 

gradient of the slag pile.   

 

Based on observed recharge rates in the slag test basins and associated water quality data, the 

slag pile would account for only 1 to 3 percent of the observed arsenic at downgradient 

monitoring well DH-10 (see Figure 4-1-15).  Concentrations of arsenic in these wells are 

similar to arsenic concentrations in DH-4 near Lower Lake, the apparent source of elevated 

arsenic in these wells.  Based on the results of test basin water quality analyses and bottle roll 

tests, it is unlikely that slag significantly effects observed arsenic concentration trends on the 

site. 

 

While EP-Toxicity results indicate that there is some potential for mobility of cadmium, lead 

and zinc from slag, the results of the test basins and bottle roll tests indicate metals 

concentrations released from slag is low.  In addition, concentrations of cadmium, lead and 
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zinc is also very low.  Based on the results of test basin water quality analyses, bottle roll 

tests, and down gradient groundwater quality, it is unlikely that slag effects observed 

groundwater quality trends on the site.   

 

Stratigraphic cross-sections showing the slag pile and underlying stratigraphy (Figure 4-1-

16) shows the relationship of the slag pile and underlying strata, including the perched 

alluvial horizon and the underlying coarser grained alluvial aquifer.  Based on monitoring 

well stratigraphy, it is likely the perched horizon at least partially underlies the slag pile.   

However, there is no evidence of the perched horizon in downgradient wells (see DH-6 and 

DH-10).  As a result, direct impacts from the slag pile at these wells is unlikely since the 

perched horizon is absent, and the wells are completed in the coarse grained alluvium.  

However, as noted above, test basin and laboratory test results indicate potential water 

quality impacts from the slag are low and are not responsible for the water quality 

concentration observed in downgradient wells.       

 
4.1.4.2 Potential Surface Water Impacts  

The potential for runoff transport in the slag pile area is very low due to the coarse, granular 

nature of the slag pile, which allows extremely rapid infiltration.  Even during high 

precipitation events no runoff has been observed from the slag pile.  Similarly seeps from the 

face of the slag pile have not been observed.  The potential for impacts to surface water are, 

therefore, limited to direct contact and erosion of the slag pile where it forms steep sided 

banks adjacent to Prickly Pear Creek.  Prickly Pear Creek is in immediate contact with the 

slag pile between PPC-5 and PPC-6, and adjacent to the slag pile from PPC-6 to PPC-7 (see 

Exhibit 3-2-1).   

 
The 1990 Comprehensive RI/FS (Hydrometrics, 1990a) examined water quality data from 

Prickly Pear Creek to assess the potential impact of the slag pile on the creek.  No consistent 

concentration or load increases were apparent in Prickly Pear Creek adjacent to the slag pile 

(between PPC-5 and PPC-7).  The RI/FS therefore concluded that the contribution of arsenic 

and metals to surface water from slag is very minor.  RI/FS and Post RI/FS water quality data  
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for Prickly Pear Creek are presented and discussed in Section 4.3 of this report and post-

RI/FS water quality data are generally consistent with the RI/FS findings. Average metal 

concentrations show only small differences between stations PPC 5, PPC 7 and PPC 8 (see 

Figure 4-1-17).  Only one high flow stream event (May 1994) shows a pronounced increase 

in total arsenic load between PPC-5 and PPC-7 (see Figure 4-3-9 in Section 4.3); however, 

arsenic concentrations decreased from PPC-5 to PPC-7 in the May 1994 event.  The 

calculated load increase is therefore entirely a function of the flow measurement.  Since the 

accuracy of the flow measurements is poor during higher flow events due to increased 

velocities and turbulence (particularly at PPC-5 below the dam) the apparent load increase 

during May 1994 is probably the result of flow measurement error.  The conclusion of the 

surface water analysis is that there is little evidence for transport of arsenic and metals from 

the slag pile with the possible exception being direct erosion of the slag during infrequent 

high stream flow events.  

 
1.24.2 PROCESS FLUIDS  

As part of the Comprehensive RI/FS (Hydrometrics 1990a), the Process Fluids Operable Unit 

was divided into two sub-units: Process Ponds and Process Fluid Transport Circuits.   

 
1.1.14.2.1 Process Ponds 

The Process Ponds include: 

 
• Lower Lake, 

• Former Thornock Lake, and 

• The acid plant water treatment facility. 

 
As described in Sections 1 and 3, the Process Ponds were addressed by the Process Ponds 

RI/FS (Hydrometrics, 1989), a subsequent Process Ponds ROD (US EPA, 1989), and several 

RD/RA documents, and remedial actions that consisted primarily of sediment excavation.  

The 1989 Process Pond RI consisted of: 
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1. Collection and analysis of water samples from four process fluid ponds:  Lower Lake, 

former Thornock Lake, the former speiss settling pond and granulating pit, and the 

acid plant water treatment facility.  Fluid samples were collected from sites on Lower 

Lake (random sites and LL-1 and LL-2), the former speiss granulating pond (SP-1), 

three sample sites associated with the acid plant water treatment facility (AP-1, AP-2, 

AP-3); and random points in Thornock Lake prior to its replacement by a steel 

recirculation holding tank in fall 1986.  The process pond sample site locations are 

shown in Figure 4-2-1 and analytical results are included in Appendix 3-1-1.   

2. Collection and analyses of bottom sediment samples and stratigraphic samples.  

Bottom samples were collected from Lower Lake, former Thornock Lake, and the 

former speiss granulating pond.  Stratigraphic samples were collected from 14 drill 

holes in and adjacent to the four process ponds.  Lower Lake drill hole locations are 

shown on Exhibit 3-2-1.  Drill holes and monitoring wells associated with the process 

ponds are discussed in detail in Section 4.4 (Groundwater). 

3. A plant water balance investigation to determine the gains or losses of the main plant 

process water circuit into and out of Lower Lake, and to determine the storage 

capacity for storm runoff containment. 

 
The general conclusions of the 1989 Process Ponds RI/FS and ROD were: 

 
1. The four process ponds (Lower Lake, the former speiss granulating pond and pit, the 

acid plant water treatment facility, and former Thornock Lake) were apparent sources 

of metals to the hydrologic (surface water and groundwater) system. 

2. Water quality sampling results showed that Lower Lake was a sodium sulfate type 

water, with moderately high concentrations of TDS, metals, arsenic and slightly 

alkaline pH. Plant water from Thornock Tank was very similar in quality to Lower 

Lake.  Former speiss granulation process fluids were very alkaline (pH 10 or higher) 

with high concentrations of TDS, carbonate and arsenic.  The acid plant water 
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treatment fluids, prior to treatment, are acidic (pH 2 or less) with high concentrations 

of TDS, sulfate and arsenic.   

3.  The RI water balance for the main plant water circuit showed a net discharge to Lower 

Lake of 50 to 70 gallons per minute (gpm) primarily during winter months when 

evaporation is at a minimum.  The gains in the main plant water circuit were 

attributed to: 

• Plant process water from Thornock Tank, 

• Precipitation, including plant runoff water, 

• Acid plant blowdown water (average about 9 gpm), and 

• Gains in the main process water circuit from groundwater inflows collected at 

sumps on the plant site (about 30 to 40 gpm),  

• Waste water from the change house was discharged to plant water circuit 

instead of to the East Helena sanitary sewer system (10 to 20 gpm). 

• Water from drinking fountains throughout the plant discharged to the plant 

water circuit.  Fountains were allowed to flow continuously to avoid freezing 

(10 gpm). 

 

In the summer months, evaporation and dust suppression removed about 40 to 60 

gpm from Lower Lake. This, however, was balanced by input from Upper Lake that 

was used as a source for cooling water, a portion of which discharged back to Lower 

Lake. 

 
In addition to gains from the main plant fluids circuit, Lower Lake also receives 

recharge from Upper Lake as groundwater flows through the berm that separates 

Upper Lake and Lower Lake.  The process fluids in the former speiss granulation 

circuit and the acid plant water treatment circuit were closed loops.   

 
Two 1-million gallon tanks were installed in 1989 to remove Lower Lake as the 

settling/storage pond for the main process water circuit.  Extensive measures were 

also implemented to eliminate the plant water gains and thereby eliminate the need 
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for periodic discharges to Lower Lake.  Despite these measures, Asarco was not 

completely successfully in eliminating all gains and as a consequence occasional 

discharge of plant water to Lower Lake continued until 1993 when the HDS (High 

Density Sludge) water treatment facility was built to treat excess main plant water 

circuit gains.  Since January 1994, water circuit gains have been treated at the HDS 

plant to remove arsenic and metals prior to discharge to Lower Lake.     

 

4.  The physical and chemical characteristics of pond bottom sediments and underlying 

or adjacent strata are variable depending on the pond location.   

 
• Lower Lake stratigraphy consists of one to three feet of soft silt and clay, 

underlain by 13 to 15 feet of fine grained marsh deposits.  Concentrations of 

arsenic and metals in Lower Lake sediments were highest in the upper one to 

three feet of the loose silt and clay and decreased with depth. Soil quality data for 

Lower Lake sediments is in Appendix 3-1-2 (LH-series samples).  In 1994 

through 1996 the shallow fine-grained sediments plus 6-inches of the underlying 

naturally-deposited marsh deposits were dredged from the bottom of the pond as 

part of Lower Lake remediation. 

• Former Thornock Lake bottom sediments generally consist of fine-grained, 

plastic, organic clay with elevated concentrations of arsenic and metals.  These 

sediments were underlain by coarse-grained sand, gravel and cobbles.  Similar to 

Lower Lake, the fine grained sediments had elevated concentrations of arsenic 

and metals.  As described in Section 5, the pond was replaced with a RCRA 

compliant tank in 1987.  The fined-grained sediments were subsequently 

excavated in 1991 and subsequently smelted in 1989.   

• Strata near the former speiss granulating pond and pit consist predominately of 

gravels and cobbles in a sandy-silt matrix.  Arsenic and metal concentrations were 

higher near the surface and generally decrease with depth, with some increase in 

the saturation zone.  As described in Sections 4.1.2 and Section 5.0, the speiss 

pond was removed and replaced with a RCRA-type Tank in 1990.  Sediments 
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underlying the pond and the pit were excavated in accordance with the Process 

Ponds ROD.  The replacement tank is no longer used in the speiss granulation 

process, but is used to collect runoff from the speiss storage area adjacent to the 

dross facility (see Figure 4-2-1).  

• Strata near the acid plant water treatment facility and the nearby sediment drying 

area (Figure 4-2-1) are similar to sediments and strata near the former speiss 

granulating pond.  The acid plant sediment drying area near Lower Lake, is 

similar to Lower Lake stratigraphy.  In accordance with the Process Pond ROD, 

the sediments underlying the acid plant water treatment concrete lined pond, and 

the adjacent acid plant sediment drying areas were excavated (see Figure 4-1-6).  

Soils underlying the former drying area adjacent to Lower Lake have not been 

addressed.  

 

4.2.2 Process Fluids Circuits 

Figure 4-2-2 shows the general schematic layout, flow rates and water chemistry of the 

present process fluid circuit network.  Detailed plans of the process fluid circuits are shown 

in Exhibits 4-2-1, 4-2-2 & 4-2-3.  The 1990 Comprehensive RI/FS identified four major 

process water circuits: 

 

1. The main plant water circuit (which formerly included Lower Lake and Thornock 

Lake); 

2. The former speiss granulating circuit (part of the blast furnace and dross plant 

circuit); 

3. The City of East Helena municipal water supply; and 

4. The acid plant and sinter plant circuit. 

 
In addition, to those described in the RI, there also is a non-contact cooling water circuit in 

the acid plant.  Upper Lake water is used as non-contact cooling water in this circuit.  The 

cooling water is circulated through cooling lines in the acid plant and then to a cooling tower 
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where a portion of it is lost to evaporation.  Blowdown from the acid plant cooling circuit is 

discharged to the plant water circuit.  

 
Prior to 1990, the plant water system consisted of the primary plant water circuit (plant 

water) with minor circuits (former speiss granulation, acid plant water treatment) supplied 

from the main circuit.  Ponds for holding water were part of each circuit with Lower Lake as 

the main holding pond, Thornock Lake as the holding pond for the main circuit, the speiss 

granulating pond for the speiss granulation circuit, and the acid plant settling pond for the 

acid plant water treatment facility.  The main plant water circuit was used for fire 

suppression, sinter plant washdown, and cooling, and makeup water for the other plant 

processes. 

 

4.2.2.1 Main Plant Water Circuit and Lower Lake 

Historically, the main plant water circuit consisted of Lower Lake as the main holding 

facility (pond) with pipes transporting water from Lower Lake to the main plant pumphouse. 

The principal flows to and from Lower Lake were the inflows and outflows related to the 

plant process circuit. From the pumphouse, pressurized water was transported in 

underground pipes to the sinter plant where it was used for washdown, moisturization and 

cooling.  This water then flowed through gravity drains to Thornock Tank where it was 

pumped back to Lower Lake.  Pressurized lines also supplied water from the pumphouse to 

the fire hydrant system and to other buildings as makeup water for various processes and 

washdown water for dust suppression inside buildings. 

 

Changes to the main plant water circuit began in 1990 with the construction of two, 1-million 

gallon storage tanks designed to replace Lower Lake.  Regular discharge of plant water to 

Lower Lake was discontinued at that time.  Lower Lake sediments were removed in 1994, 

1995 and 1996 and the pond is no longer part of the main plant process fluid circuit although 

the pond still provides makeup water for the plant water system and accepts effluent from the 

HDS plant. 
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The HDS Plant was completed in January of 1994.  The HDS plant accepts plant water to be 

treated prior to discharge to Lower Lake.  Optimization improvements were designed and 

implemented to the system in 1996. 

 

Thornock Lake was removed from the main process fluid circuit and replaced with a 93,000 

gallon tank in 1986.  Soils were excavated from the pond bottom in 1986, 1987 and 1991. 

 

In 1996, Lower Lake was discontinued as the source for water used for dust suppression.  

Upper Lake water is now used for this purpose. 

 

In February 1998, a water line failure was detected in the underground piping system used 

for fire suppression and sinter plant processes, as well as other miscellaneous uses.  Water to 

the underground line was shut off and water to the sinter plant was supplied through a newly 

installed above ground piping system.  The plant water circuit is shown in Exhibit 4-2-3. 

 

4.2.2.2 Former Speiss Granulating Circuit 

The former speiss granulating pond and pit were about 150 feet south and 250 feet southeast 

of the administration building on the north edge of the dross plant.  Both the pond and pit 

were used to store water for use during the speiss granulation process.  During speiss 

granulation, molten copper bearing material was allowed to flow to the pit where it was 

sprayed with water pumped from the speiss granulating pond.  The water then drained 

through a twelve to fourteen inch mild steel pipe back to the speiss granulating pond to be 

recirculated during the next granulating cycle.  Flows in the speiss granulating pond/pit 

circuit averaged about 150 gpm during granulation (approximately 45 minutes).  Plant 

process water was occasionally added to the pond as makeup water.  Sediment from the 

granulation process accumulated in the process pond and was removed periodically and 

reprocessed in the plant. 
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Air water mist granulation replaced water granulation in 1991.  The speiss granulating pond 

was removed in 1989 and replaced with a steel tank with secondary containment.  The speiss 

pit was removed in 1995. 

 

Remediation of the speiss pond and pit area was initiated in 1988 with the HDPE lining of 

the Speiss Pond.  In 1988, a portion of the original speiss pond was removed and replaced 

with a tank (the “Speiss Tank”) with leak detection and secondary containment.  As 

described in Section 4.1.2, soil was excavated in 1988 to 20 feet depth beneath a portion of 

the former pond.  In 1992, the remainder of the original Speiss Pond was removed and 

additional soil was also excavated.  In 1995, the original Speiss Pit was removed and 

replaced with a new pit during construction of the new dross-reverberatory building.  Soil 

was removed to a depth of 17 feet beneath the old pit (see Section 4.1.2). 

 

4.2.2.3 Former Acid Plant Water Circuit 

The former acid plant water treatment facility consisted of a wooden trough fluid transport 

system, five particulate settling dumpsters, a 68 feet by 35 feet by 9 feet deep epoxy lined 

settling pond and two above ground mixing tanks used for lime neutralization.  This system 

was replaced with the present acid plant water reclamation facility in 1992.  Prior to 1992, 

suspended sediments from the acid scrubbing process were simply settled in a settling pond 

and in-line settling tubs (dumpsters), and neutralized by lime application at the former acid 

reclaim facility.  The neutralized water was then sent to the sinter plant where it was used for 

moistening of sinter and then reintroduced to the main process fluid circuit, or it was 

recirculated back to the acid plant scrubber system for reuse.  Sediment from the 

neutralization and settling process was periodically removed from the settling pond and 

dumpsters and subsequently placed in the sediment drying pad areas to await processing for 

metals recovery in the smelting process. 
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4.2.2.4 Additional Water Use 

As described further in Section 4.3, storm water runoff is routed directly through gravity 

drains to Thornock Tank or to the storm water tank near the East Helena Rodeo grounds 

which is periodically pumped back to Thornock Tank.   

 
City water from East Helena is used to for makeup water to the blast furnace and 

reverberatory furnace closed cooling system loops.  City water is also used at sinks, showers, 

sanitary and laundry facilities throughout the plant site.  After use, all city water reports 

directly to Thornock Tank with the exception of water used for sanitary facilities which 

reports first to the on-site sewer treatment plant (See Exhibit 4-2-1) prior to being discharged 

to Thornock Tank. 

 
Upper Lake water is applied by water truck for dust control throughout the plant.  Excess 

runoff from dust control application reports to Thornock Tank through gravity drains.  Upper 

Lake water is also routed through a sand filter and used for non-contact cooling water in the 

acid plant (see Exhibit 4-2-2).  Most of this water is evaporated through cooling towers 

adjacent to the acid plant. 

 

4.2.3 Process Fluid Chemistry 

4.2.3.1 Lower Lake and the Main Plant Water Circuit 

Lower Lake sample data are available from 1981 through 1998 (see Appendix 3-1-1).  In 

addition several samples from the main plant water circuit (S-1, S-2, S-3, ST-1, ST-2,  TT-1, 

and ZP-1) were sampled and analyzed during the RI.  Sample point locations are shown on 

Figure 4-2-1 and are described on Table 4-2-1.  Historically, the main process water circuit 

samples results were similar to Lower Lake water chemistry, which was part of the main 

water circuit.  Generally, the water from the main process circuit, including Lower Lake, was 

a sodium-sulfate type, with moderately high concentrations of TDS, metals and arsenic.   

 

As Figures 4-2-3 and 4-2-4 show, arsenic concentrations have been variable over time and 

changes in water quality are related to changes in plant operating practices, modifications to 
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TABLE 4-2-1.  RI PROCESS FLUID SAMPLING SITE DESCRIPTION 

 

SAMPLING 
SITE 

DESCRIPTION LOCATION 

AP-1 Acid plant drain South of blast furnace 

S-1 Ore mixing area drain sump Near northeast corner of breaking floor 
building 

S-2 South plant collection sump West of main plant pumphouse 

S-3 Ore mixing area drain sump West of S-2 under blast furnace flue 

ST-1 Sinter plant drain sump South of sinter plant 

ST-2 Sinter plant drain sump North of drossing plant building 

TT-1 Thornock Tank Northeast of Changehouse 

ZP-1 Zinc plant drain South of zinc plant furnace building 
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the water handling systems, and remedial actions for the Process Ponds (see Section 5.0, 

Release Assessment).  Historical water quality data obtained from Lower Lake and the main 

process water circuit by Asarco in 1982 through 1983, show dissolved arsenic concentrations 

were much higher, with an average concentration of about 200 mg/l in Lower Lake, and 

about 50 to 100 mg/l in the main plant process water circuit.  Changes in plant fluid 

management practices, specifically recycling of the acid plant and speiss granulating pond 

fluid circuits independent of the main plant water circuit, resulted in the significant decline in 

arsenic concentrations observed in Lower Lake in 1984. 

 

Recent water quality for Lower Lake and the main process water circuit (plant water) are 

shown on Table 4-2-2.  Since the implementation of the HDS water treatment system, arsenic 

and metal concentrations in Lower Lake have declined significantly (to less than 0.05 mg/l 

arsenic), while concentrations of total dissolved solids (TDS) have increased from a typical 

range of 1500 to 1700 mg/l to a post-treatment concentration of about 2200 mg/l.  Based on 

sample results collected in 1998, arsenic concentrations in the main process fluid circuit have 

also declined and are typically 1 to 2 mg/l.  Of the metals analyzed in 1998, cadmium and 

zinc were among the highest with concentrations of 11 mg/l and 9 mg/l, respectively.     

 

Former Speiss Granulating Pond And Pit 

Speiss process waters (see Figure 4-2-1) were sampled on six occasions from December, 

1986 through December 1, 1987.  These data are in Appendix 3-1-2.  Speiss process fluids 

were very alkaline with a pH in excess of 12, and very high concentrations of total dissolved 

solids, carbonate and arsenic. Concentrations of total and dissolved arsenic ranged from a 

high of 3735 mg/l and 3733 mg/l, respectively, to a low of 55 mg/l for both total and 

dissolved arsenic.  Concentrations of total cadmium, copper, iron, lead, manganese and zinc 

were also variable with the highest concentrations associated with high concentrations of 

total suspended solids.  High pH and carbonate concentrations reflect the liberal use of lime 

(calcium oxide) in the drossing process. 



TABLE 4-2-2 1998 PROCESS WATER QUALITY

Plant Water Circuit Acid Plant Circuit(3) Speiss Area(2)

Parameter
Plant 

Water(1)

Dross Plant 
Collection 

Sump(2)

Scrubber 
Blowdown 

Water

Neutralized 
Scrubber 
Blowdown Speiss Tank

Speiss Tank 
Secondary 

Containment Lower Lake(4)
HDS Plant 
Effluent(5)

pH 7.1 7.3 1.9 6.7 11.7 10.1 7.6 7.8(3)

Total Dissolved Solids 3073 2415 7248 9875 40531 19282 2270

Calcium 382 -- 329 173 -- -- 347

Chloride 514 198 1192 1790 778 263 250

Fluoride 4.8 -- 148 42 -- -- --

Ammonia as N 23 -- 230 235 -- -- --

Nitrate + Nitrite as N 2.0 -- <0.50 <0.50 -- -- --

Phosphate 0.13 -- 0.10 0.13 -- -- --

Total Phosphorus 0.44 -- 49 32 -- -- --

Potassium 233 -- 90 91 -- -- 60

Silica 28 -- 131 123 -- -- --

Sodium 436 -- 301 2542 -- -- 279

Sulfate 1454 1163 5501 3779 6765 3956 1140 2693(3)

Total Sulfur 485 -- 2257 1756 -- -- --

Acidity (ppm as CaCO3) 20 -- 6100 920 -- -- --

Total Alkalinity 53 -- <1.0 974 -- -- 66

Carbonate Alkalinity <1 -- <1.0 <1.0 -- -- --

Bicarbonate Alkalinity 53 -- <1.0 974 -- -- 81

Aluminum 0.16 -- 2.9 0.33 -- -- --

Arsenic 1.4 0.29 1867 1716 3871 1464 0.049 0.285

Antimony 2.1 -- 149 41 -- -- -- 6.3

Barium 0.063 0.073 <0.050 <0.050 <0.02 0.022 --

Beryllium <0.010 -- <0.010 <0.010 -- -- --

Cadmium 11 4.8 230 180 <0.1 <0.1 0.013 0.0025

Chromium <0.050 <0.01 0.46 <0.050 <0.01 <0.01 --

Copper 0.085 0.16 0.068 <0.050 0.65 7.5 0.016 0.009

Iron <0.10 -- 36 12 -- -- 0.106

Lead 0.20 0.44 14 0.075 2.2 6.3 0.007 <0.003

Mercury 1.2 -- 2060 810 -- -- -- <0.006

Magnesium 30 -- 9.9 11 -- -- 8

Manganese 5.0 -- 1.3 1.4 -- -- 1.1

Nickel 0.089 -- 0.31 0.23 -- -- --

Selenium 0.47 0.35 5.9 5.3 43 39 -- 0.3825

Silver <0.050 <0.003 <0.050 <0.050 0.038 0.11 --

Thallium 2.4 -- 37 31.0 -- -- --

Zinc 9.1 6.2 140 120 0.15 0.16 0.066

Notes: All concentrations are in ppm except for mercury which is in ppb.
All metals results represent dissolved fraction.
(1) Plant water sample collected in May 1998 in conjunction with February 1998 Plant Water Investigation.
(2) Speiss area samples and Dross Plant Sump collected in May 1998 as grab samples for internal review.
(3) Acid Plant Circuit samples collected in March 1998 as grab samples for internal review.
(4) Lower Lake sample collected during May 1998 Post-RI/FS Monitoring.
(5) HDS effleunt data  from March 1998  MPDES sampling.

k:\data\project\0867\rpt\MRCHRSL1.XLS\HLN\09/01/98\007\0867 P. 4-66 2/1/2007  1:30 PM
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Water granulation has been replaced by air water mist granulation, which uses water mist in 

the granulation process.  While the granulation water circuit has been removed, the speiss 

tank is still used to collect surface water runoff from the speiss storage area north of the dross 

facility.  As described above, this containment consists of a primary steel tank with 

secondary (concrete) containment.  In 1998, it was observed that both the tank, as well as a 

sump in the secondary containment contained water, presumably precipitation and runoff 

from dust control spraying runoff which is also routed to the tank.  Samples collected from 

the Tank and the Sump in May 1998, had water quality characteristics (see Table 4-2-2) 

similar to past granulation circuit water quality.  The water from both the tank and sump is 

very alkaline (pH of 11.7 and 10.1, respectively), and has high concentrations of TDS and 

arsenic (3871 mg/L and 1464 mg/L, respectively).     

 

Acid Plant Water Treatment Facility 

Acid plant scrubber blowdown samples were collected at the acid plant water treatment 

facility during the RI and these data are in Appendix 3-1-2.  Sample locations are shown on 

Figure 4-2-1 and described in Table 4-2-1.  The RI data show that prior to neutralization at 

the acid plant reclaim facility site, these blowdown samples were characterized by low pH, 

(from 1.3 to 1.9), high concentrations of total dissolved solids and sulfate, and very high 

concentrations of arsenic. Total and dissolved arsenic concentrations ranged from a high of 

3,000 mg/1 and 2867 mg/l, respectively, to a low of 1625 mg/l for both total and dissolved 

arsenic (see Appendix 3-2-1).  Process fluid samples from site AP-3 showed significantly 

higher pH, and lower concentrations of TDS, TSS, sulfate and arsenic as a result of 

settlement and neutralization at the treatment facility. 

 

As described in Section 4.2.1 the HDS Treatment Facility was installed to treat process water 

circuit gains including the main plant water circuit and the acid plant circuit.  Treatment by 

the HDS facility results in significant improvement of acid plant water quality (see Table 4-

2-2).  Water quality prior to treatment is similar to past acid plant circuit water with elevated 



 

 h:\files\007   asarco\0867\ccra report\r99ccra1.doc\HLN\2/2/07\065\0096                                                2/2/07/7:59 AM 

                                                                                   
 
 4-68

concentrations of TDS, TSS sulfate and arsenic.  However, post-treatment water quality 

analyses (HDS Plant Effluent on Table 4-2-2) show low concentrations of arsenic and 

metals. 

 
4.3 SURFACE WATER 

Surface water monitoring within and adjacent to the Asarco East Helena Plant site has been 

conducted at the following locations: 

 
• Prickly Pear Creek (upstream, adjacent to, and downstream of the plant site); 

• Upper Lake (formed by a diversion from Prickly Pear Creek); 

• Wilson Ditch (agricultural use water routed from Upper Lake); and 

• Storm water runoff monitoring sites, including monitoring performed in accordance 

with an MPDES permit. 

 
Surface water flow, water quality, and bottom sediment quality measurements have been 

collected in support of numerous investigations, including: 

 
• Phase I Water Resources Investigation (conducted in 1984-1985) and incorporated 

into the Comprehensive RI/FS; 

• Phase II Water Resources Monitoring (conducted in 1986-1988); 

• Post-RI/FS Biannual Monitoring (conducted from 1989 through 1997); 

• Lower Lake Remediation Project Monitoring (initiated in 1994); and 

• EPA Administrative Orders/Requests for Information (RFIs) under Sections 308 and 

309(a) of the Clean Water Act. 

 
A tabular summary of surface water monitoring locations showing sampling dates and 

measured parameters is in Table 3-2-1 and Table 3-2-2.  Monitoring locations are shown on 

Exhibit 3-2-1 and Figure 4-3-1.  Flow measurements, water quality sampling results, and 

sediment quality sampling results are discussed below for Prickly Pear Creek, Upper Lake, 

Wilson Ditch, and storm water runoff monitoring sites.   Some discussion of Lower Lake 

water quality in terms of its potential effect on Prickly Pear Creek also is provided. 
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4.3.1 Prickly Pear Creek and Upper Lake 

Prickly Pear Creek, which runs along the eastern and northeastern boundaries of the plant 

site (Exhibit 3-2-1), is the primary surface water resource in the vicinity of the Asarco East 

Helena Plant.  The creek has been a source of water for agriculture, mining, and industrial 

use for more than a century, and has been impacted by numerous activities including 

highway and railroad construction, subdivision developments, agricultural dewatering, acid-

mine drainage from inactive mines in headwaters areas, and municipal and industrial 

discharges. 

 

Maximum streamflow in Prickly Pear Creek usually occurs in response to spring snowmelt 

and rainfall events, and intense early summer rainstorms.  Minimum streamflow occurs in 

midwinter, except in Lower Prickly Pear Creek (downstream of the City of East Helena), 

where severe summer stream dewatering occurs due to irrigation withdrawals.  During the 

peak water demand period of July through September, the creek often is dry or nearly dry 

downstream of East Helena. 

 
Upper Lake is formed by surface water diversion from Prickly Pear Creek just upstream of 

sampling location PPC-4 (Figure 4-3-1).  Data from the 1990 RI showed that water quality in 

Upper Lake is essentially the same as Prickly Pear Creek upstream of the plant site (sites 

PPC-3 and PPC-4).   Since the RI showed water quality at these two creek sampling points 

are the same as Upper Lake water quality, Upper Lake is not discussed separately in this 

evaluation.  A portion of the water diverted from Prickly Pear Creek to Upper Lake is used 

by the Asarco plant, and the remainder is either routed through Wilson Ditch and used for 

agricultural purposes (stock watering and irrigation) in the area to the northwest of the plant 

site or returned to Prickly Pear Creek through an overflow structure. 

 

4.3.1.1 Flow 

Streamflow measurements in Prickly Pear Creek near the Asarco plant site have been 

collected on a seasonal basis, and occasionally more frequently, since the Phase I Water 

Resources Investigation was initiated in 1984.  Subsequent measurements were collected 
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during Phase II Monitoring (1986-1988) and Post-RI monitoring (1989-present), including 

intensive monitoring at selected sites under the Lower Lake Remediation Sampling and 

Analysis Plan (Hydrometrics, 1994a).  All flow measurements collected through 1997 are 

included in the complete sample database (Appendix 3-1-1). 

 

Figure 4-3-2 shows stream discharge measurements for sites PPC-3 (upstream of the plant 

site), PPC-5 (adjacent to the plant site) and PPC-7 (immediately downstream of the plant 

site) for the period 1984 through 1997.  Figure 4-3-3 shows the stream hydrograph for 

Prickly Pear Creek at the USGS gaging station near Clancy, Montana (about five miles 

upstream of the plant site) for the same time period.  It should be noted that site PPC-3 was 

replaced by site PPC-3A (located about 1500 feet downstream) in 1996.  For the purposes of 

flow comparison, data from both stations have been combined. 

 

Figures 4-3-2 and 4-3-3 indicate that base flow in Prickly Pear Creek has remained fairly 

stable throughout the thirteen-year monitoring period, typically near 25 to 30 cfs.  Measured 

peak flows near the East Helena plant (Figure 4-3-2) during spring and early summer runoff 

have ranged from near 50 cfs to greater than 300 cfs.  The complete hydrograph for the 

upstream gaging station (Figure 4-3-3) shows peak flows ranging from about 80 cfs to over 

400 cfs, with most peak values near 150 to 200 cfs.  Comparison of Figures 4-3-2 and 4-3-3 

show that collection of flow (and associated water quality) data near the plant site during 

high flow conditions only occasionally coincides with yearly peak flows as defined by the 

stream hydrograph. 

 

Increased sampling and flow measurement frequency in 1994 allowed a detailed runoff 

hydrograph to be developed for Prickly Pear Creek near the Asarco plant site (Figure 4-3-2).  

Flow data for this period show that over a two month period from early April through early 

June, flow in the creek increased from about 80 cfs to 310 cfs, then decreased again to about 

100 cfs.  Data for the upstream USGS monitoring station (Figure 4-3-2) suggest that this 







 

 h:\files\007   asarco\0867\ccra report\r99ccra1.doc\HLN\2/2/07\065\0096                                                2/2/07/7:59 AM 

                                                                                   
 
 4-74

pattern is typical in normal years, and that in dry years peak flow in the creek may be as low 

as 80 cfs. 

 

The Comprehensive RI/FS for the East Helena plant site (Hydrometrics, 1990a) derived the 

following conclusions based on surface water flow data collected from 1984 through 1988: 

 

1) Average streamflow upstream of the plant at site PPC-3 was between 41 and 50 cfs; 

average flow at the most downstream site (PPC-9) was between 18 and 25 cfs.  The 

majority of flow lost was attributable to diversions (i.e., the Upper Lake diversion and 

a number of agricultural diversions); 

2) Streamflow lost as a result of the Upper Lake diversion (between PPC-3 and PPC-4) 

was regained within 1/2 mile downstream at PPC-5, presumably as return flow from 

Upper Lake via underground seepage and overflow through several culverts; 

3) In general, Prickly Pear Creek gains or losses in the vicinity of the plant site are of 

small enough magnitude to be within the estimated error of flow measurements; 

therefore, accurate quantification of gaining and losing reaches through synoptic 

streamflow measurements is not possible. 

 

Figure 4-3-4 shows flow trends at Prickly Pear Creek monitoring stations near the Asarco 

plant site for several spring (high flow) and fall (low flow) monitoring events, from the site 

upstream of the plant (PPC-3) to the most downstream site (PPC-9).  The May and August 

1987 data clearly show diversions reducing flow between PPC-3 and PPC-4, and again 

between PPC-8 and PPC-9.  With the exception of these diversions, however, no significant 

changes in streamflow across a particular stream reach are apparent from flow measurements 

for either high or low flow events.  Streamflow at stations PPC-3 (upstream of the Upper  

Lake diversion), PPC-102, and PPC-5 (downstream of the diversion) are similar for the three 

years of high and low flow data shown on Figure 4-3-4.  Variations in flow measured at 

adjacent stations for individual sampling events are generally less than 10%, within the 

probable error margin for streamflow measurements under the conditions present in the 
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creek.  The primary conclusions of the 1990 RI/FS (listed above) regarding surface water 

flow in the vicinity of the East Helena plant site remain relevant:  Flow lost from Prickly 

Pear Creek at the Upper Lake diversion is quickly regained a short distance downstream, and 

stream gains or losses through subsurface flow are too small to be accurately quantifiable 

through streamflow measurements. 

 

1.1.1.24.3.1.2 Water Quality 

Water quality measurements in Prickly Pear Creek near the Asarco East Helena Plant site 

have been collected at approximately the same frequency as streamflow measurements.  

Table 3-2-1 (Section 3) lists surface water sites and frequency of monitoring for the period 

1984 through 1997.  Analytical water quality parameters for the various surface water 

sampling events are shown in Table 3-2-2.   Complete water quality results for Prickly Pear 

Creek monitoring stations through 1997 are in Appendix 3-1-1.  Typically, the parameter list 

for Prickly Pear Creek samples has included field-measured parameters (pH, specific 

conductance, dissolved oxygen, and water temperature), general physical parameters (total 

dissolved and suspended solids), major anions (sulfate, chloride), and a selected suite of trace 

constituents (arsenic and metals, including cadmium, copper, manganese, and zinc). 

 

In general, Prickly Pear Creek is characterized as a calcium-bicarbonate type water with 

alkaline pH values (average pH values for individual water quality monitoring stations range 

from 7.1 to 8.5), moderately low concentrations of dissolved solids (average TDS ranges 

from 158 to 192 mg/L), and low concentrations of arsenic and metals. 

 

Table 4-3-1 shows summary statistics for compares the average concentrations of dissolved 

and total arsenic and metals for the period of record at monitoring locations upstream, 

adjacent to, and downstream of the Asarco plant site.  Average arsenic concentrations in the 

creek upgradient of the site (PPC-3 & 3A) are low (0.006 mg/L dissolved arsenic and 0.007 

mg/L total arsenic at PPC-3) and increase by only about twofold in the stream reach from 

PPC-3 to PPC-7, where the plant site borders the creek.  On average, the majority of the 
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TABLE 4-3-1. SUMMARY STATISTICS FOR ARSENIC AND METALS 

PRICKLY PEAR CREEK SITES PPC-3, PPC-3A, PPC-5, AND PPC-7 (1984-1997) 

 Parameter (mg/L) 

 As Cd Cu Mn Pb Zn 

Site D T D T D T D T D T D T 

PPC-3 
(n) 

49 75 50 76 43 67 4 30 50 76 49 75 

Avg 0.006 0.007 0.001 0.001 0.006 0.009 0.035 0.091 0.005 0.010 0.044 0.078 

Min <0.004 0.004 <0.001 0.001 <0.004 <0.004 0.028 0.033 <0.005 <0.005 <0.006 0.016 

Max 0.016 0.027 0.003 0.004 0.019 0.020 0.041 0.240 <0.02 0.040 0.137 0.217 

SD 0.002 0.003 0.0004 0.0005 0.003 0.004 0.006 0.060 0.002 0.008 0.024 0.039 

PPC-3A 
(n) 

5 5 5 5 5 5 0 0 5 5 5 5 

Avg 0.005 0.007 0.001 ND ND 0.008 NM NM ND 0.010 0.091 0.141 

Min <0.005 <0.005 <0.001 <0.001 <0.004 <0.004 -- -- <0.005 <0.005 0.076 0.099 

Max 0.006 0.008 0.003 <0.001 <0.008 0.015 -- -- <0.005 0.020 0.112 0.212 

SD 0.0005 0.001 0.0009 -- -- 0.005 -- -- -- 0.007 0.016 0.046 

PPC-5 
(n) 

67 68 67 68 60 61 5 17 67 68 66 67 

Avg 0.011 0.013 0.001 0.001 0.006 0.009 0.116 0.155 0.005 0.017 0.049 0.080 

Min <0.004 0.005 <0.001 <0.001 <0.004 <0.004 0.073 0.075 <0.005 <0.005 <0.006 0.015 

Max 0.078 0.079 0.002 0.004 0.016 0.023 0.279 0.303 <0.02 0.075 0.150 0.241 

SD 0.010 0.010 0.0003 0.0007 0.002 0.005 0.091 0.073 0.002 0.013 0.030 0.045 

PPC-7 
(n) 

29 55 29 55 19 43 1 27 29 55 28 54 

Avg 0.012 0.014 0.001 0.001 0.005 0.010 0.068 0.101 0.007 0.016 0.047 0.083 

Min <0.004 0.005 <0.001 <0.001 <0.004 <0.004 0.068 0.051 <0.005 0.005 0.008 0.028 

Max 0.047 0.083 <0.005 <0.005 <0.008 0.024 0.068 0.240 0.023 0.050 0.130 0.347 

SD 0.009 0.013 0.0008 0.0009 0.002 0.004 -- 0.048 0.005 0.011 0.028 0.053 
NOTES: (n) = number of analyses for the given site and parameter. 

Avg = average of data set; Max = maximum value; Min = minimum value; SD = standard deviation of data set. 
 Quality control samples (e.g. duplicates, splits) not included in statistics. 
 Below detect values were replaced with the detection limit for calculations (e.g. <0.001 replaced with 0.001). 

Sites PPC-3 and PPC-3A are upstream and site PPC-7 is downstream of the Asarco plant; site PPC-5 is adjacent to the plant near Lower Lake. 
 D = dissolved analysis; T = total or total recoverable analysis (values were combined for calculations) 
 ND = parameter not detected; NM = parameter not measured. 
 A small number of water samples from PPC-3 and PPC-5 collected in 1995 and analyzed for total arsenic, lead, and zinc by XRF at elevated detection limits (5.0 mg/L) 

were excluded from statistics, due to the potential skewing of summary statistics by <5.0 mg/L results.  These results are included in the sample database in Appendix 3-1-1. 
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increase occurs between PPC-3 and PPC-5, with only a slight additional increase from PPC-5 

to PPC-7.  Other parameters showing an appreciable increase in average concentration over 

this reach are total lead (from 0.010 mg/L to 0.016 mg/L), and dissolved manganese (from 

0.035 mg/L to 0.068 mg/L).  Both dissolved and total manganese concentrations in Prickly 

Pear Creek appear to increase from PPC-3 to PPC-5, and then decrease from PPC-5 to PPC-

7. 

 

Table 4-3-1 also shows that total metals and arsenic concentrations in the creek are generally 

slightly higher than dissolved concentrations.  The particulate phase is especially important 

for lead and zinc (average total concentrations are approximately two times average 

dissolved concentrations).  For arsenic, average total concentrations are about 50% greater 

than average dissolved concentrations. 

 

The 1990 Comprehensive RI/FS reviewed arsenic surface water concentration and loading 

trends to evaluate the relationship between the Asarco plant and Prickly Pear Creek.  

Conclusions reported in the Comprehensive RI/FS included the following: 

 

1) Arsenic loads increased by 0.3 to 2.3 times, and concentrations increased by about 0.7 to 

3.7 times, over the stream reach from PPC-3 to PPC-7; 

2) The most significant load and concentration increase in arsenic occurred near station 

PPC-5; no appreciable increases were apparent from PPC-5 to PPC-7, suggesting that the 

slag pile bordering the creek in this reach is not a significant contributor of arsenic to 

Prickly Pear Creek; 

3) Arsenic concentration increases between PPC-3 and PPC-7 (i.e., from upstream of the 

plant site to downstream of the plant site) were at a maximum during periods of low flow, 

increasing an average of 0.014 mg/L for 1984-1986 data, and 0.008 mg/L for 1986-1988 

data.  The RI suggested that the observed concentration increases might be unusually 

high due to the exceptionally low amounts of precipitation and streamflow.  High 

concentrations of arsenic were also present in Lower Lake at that time; 
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4) The increase in arsenic load and concentration between PPC-3 and PPC-7 is probably 

attributable to a small amount of seepage flow (estimated at approximately 13 gpm) 

through the earth berm that separates Lower Lake from Prickly Pear Creek. 

 

The calculated average arsenic concentration increase of about 2 times shown in Table 4-3-1 

above agrees well with the Comprehensive RI/FS data (observed concentration increases of 

0.7 to 5  times).  Post-RI water chemistry trends in Prickly Pear Creek, with emphasis on 

arsenic concentration and loading trends, are discussed further below. 

 

Temporal trends for water quality parameters including arsenic, arsenic speciation ratio, 

cadmium, copper, lead, zinc, iron, manganese, sulfate, chloride, total dissolved solids, pH, 

and dissolved oxygen for Prickly Pear Creek monitoring stations are presented in Appendix 

4-3-1.  Water quality statistics for Prickly Pear Creek sites are in Appendix 4-3-2.  The 

temporal plots also show mean values and a range of one and two standard deviations around 

the mean for arsenic and other selected water quality constituents.  Prickly Pear Creek 

stations that have been monitored since the completion of the Comprehensive RI/FS include: 

 

• PPC-3/PPC-3A, PPC-5, PPC-7, and PPC-8, sampled seasonally under the Post-RI 

monitoring plan; 

• PPC-4 and PPC-6, sampled along with PPC-3, PPC-5, and PPC-7 in 1995 and 

1996 under the terms of EPA Clean Water Act Section 308 and 309 Requests for 

Information; and  

• PPC-101, PPC-102, and PPC-103, new stations established adjacent to Lower 

Lake, and sampled with PPC-3 and PPC-5 as part of the Lower Lake Remediation 

Project beginning in 1994. 

 

Examination of temporal trend plots for these stations shows that there are few consistent 

long-term trends apparent in Prickly Pear Creek water quality constituents.  The most 

consistent water quality trend is the increase in dissolved zinc concentrations that has 
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occurred since about 1995; prior to 1995, dissolved zinc concentrations in the creek ranged 

from about 0.02 to 0.06 mg/L, while recent concentrations have been slightly higher, from 

about 0.06 to 0.14 mg/L.  The increase in dissolved zinc is apparently unrelated to the East 

Helena plant site, since monitoring stations both upstream and downstream of the plant site 

have shown the trend. 

 

Dissolved arsenic concentrations have not shown any significant long-term increases or 

decreases in Prickly Pear Creek over the period of record, with the possible exception of 

PPC-7 (Appendix 4-3-1).  Concentrations observed at this site from 1984 through 1988 

ranged from 0.01 to 0.05 mg/L, while concentrations observed since 1989 have only 

occasionally exceeded 0.01 mg/L.  The higher concentrations in 1984 and 1985 are 

presumably related to the low creek flows in those years.  Prickly Pear Creek exhibits a 

typical concentration/discharge relationship for dissolved arsenic, with concentrations 

decreasing as flows (and dilution) increase.  The relationship between dissolved arsenic 

concentration and discharge for Prickly Pear Creek is shown in Figure 4-3-5. 

 
Figure 4-3-6 shows dissolved arsenic concentrations at Prickly Pear Creek sites PPC-3 (or 

PPC-3A), PPC-5, and PPC-7 for seasonal high and low flow monitoring events conducted 

since 1985.  Figure 4-3-7 shows total arsenic concentrations for the same sites and 

monitoring events (note that Figures 4-3-6 and 4-3-7 do not include the entire data set, but 

rather were prepared from a representative set of seasonal monitoring data from both the RI 

and post-RI monitoring periods).  Figures 4-3-6 and 4-3-7 indicate that, with very few 

exceptions, arsenic concentrations either do not increase or increase only slightly (0.001 to 

0.003 mg/L increase) from station PPC-5 to PPC-7.  Concentration increases from PPC-3 to 

PPC-5, which are the result of seepage from Lower Lake, are typically greater than 

concentration increases between PPC-5 and PPC-7.  No strong seasonal trends in Prickly 

Pear Creek arsenic concentrations are evident from Figures 4-3-6 or 4-3-7; however, 

monitoring events showing unusually high arsenic concentrations (e.g., September 1985, 

August 1987) relative to the entire seasonal data set are apparent on these figures. 
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Table 4-3-2 shows potentially applicable water quality criteria (both Federal and State 

criteria) for arsenic, cadmium, copper, lead and zinc.  Comparison of the standards in Table 

4-3-2 with average and maximum total concentrations for Prickly Pear Creek cited in Table 

4-3-1 indicates that freshwater chronic criteria for manganese and lead are typically exceeded 

both upstream (PPC-3) and downstream (PPC-7) of the plant site.  Occasional exceedances 

of water quality standards for arsenic, cadmium, copper and zinc also occur upstream and 

downstream of the site.   

 

Comparison of the Montana human health standard for arsenic (0.018 mg/L) with the 

seasonal Prickly Pear Creek data shown in Figures 4-3-6 and 4-3-7 shows that seasonal 

dissolved and total arsenic concentrations since 1989 have been below the human health 

standard at all three monitoring locations (except for total arsenic at PPC-3 in April 1989).  

Additional infrequent exceedances of the arsenic human health standard at stations PPC-5 

and PPC-7 have occurred over the period of record (from 1984 through 1997), primarily 

during the remedial investigation conducted from 1984-1987.  Examination of the complete 

database, including seasonal monitoring and supplemental monitoring results (Appendix 3-1-

1) shows that overall, total recoverable and total arsenic concentrations have exceeded the 

Montana human health standard at PPC-3 one time (out of 79 samples), at PPC-5 eight times 

(out of 66 samples), and at PPC-7 six times (out of 55 samples). 

 

Comparison of total and total recoverable of cadmium, copper, and zinc to Montana human 

health standards generally shows no exceedences for these parameters.  Lead concentrations 

are higher than Montana human health criteria upstream and downstream, with 15 

exceedances (out of 81 samples) at PPC-3, 26 exceedances (out of 68 samples) at PPC-5 and 

24 exceedances out of 55 samples at PPC-7.  
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TABLE 4-3-2. FEDERAL AND STATE WATER QUALITY CRITERIA 

 

  Montana Freshwater Aquatic Life Standard 
Parameter Montana 

Human Health 
Standard 

 
Chronic 

 
Acute 

Federal 
MCL/Action 

Level 
   

Arsenic 0.018 0.190 0.360 0.05 

Cadmium 0.005 0.0011(1) 0.0039(1) 0.005 

Copper 1 0.012(1) 0.018(1) 1.3 

Lead 0.015 0.0032(1) 0.082(1) 0.015 

Manganese 0.05 none none 0.05(2) 

Zinc 5.0 0.11(1) 0.12(1) 5.0(2) 

MCL = maximum contaminant level 
(1) Hardness-dependent parameter.  Value shown is for 100 mg/L hardness as CaCO3. 
(2) Secondary MCL (unenforceable guideline). 
 

Of the parameters sampled in Prickly Pear Creek, arsenic shows the most obvious or 

measurable increases in Prickly Pear Creek; primarily between stations PPC-3 and PPC-5.  

The dissolved arsenic load in Prickly Pear Creek (concentration times flow) can be 

calculated from concentrations and associated stream discharge rates for various sampling 

events.  Figure 4-3-8 shows dissolved arsenic loads in Prickly Pear Creek calculated for sites 

PPC-3 (or PPC-3A), PPC-5, and PPC-7 for a number of high and low flow monitoring events 

conducted since 1985 (note that fewer events are shown in Figure 4-3-8 than in Figure 4-3-6, 

due to a lack of flow data for loading calculations for some monitoring events).  Several  For 

some monitoring events (e.g., May 1985, November 1993, May 1994, and November 1996), 

show increases in loading between the upstream site (PPC-3) and the site adjacent to the 

Asarco plant (PPC-5) are apparent; in these cases, no appreciable dissolved arsenic loading 

occurs between PPC-5 and the further downstream site PPC-7.  In other cases (e.g., April 

1993, May 1997, and November 1997), dissolved arsenic loading shows little or no increase 

from PPC-3 to PPC-5, and a small increase from PPC-5 to PPC-7.  No consistent large 

loading increases from PPC-5 to PPC-7, however, are apparent.  The data indicate, as 

described in the 1990 Comprehensive RI/FS, increases in arsenic loading have typically 
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occurred in the stream reach near PPC-5, immediately downstream of adjacent Lower Lake.  

The very low loading increase between PPC-3 and PPC-5 in 1997 may also be the result of 

the significantly improved water quality in Lower Lake since 1993 (see Section 4.2.3.1). 

 

Examination of total arsenic data and loadings in Prickly Pear Creek were generally similar 

to dissolved arsenic relationships between sites PPC-3, PPC-5, and PPC-7 (see Figure 4-3-

97).  For one particularly high runoff event (May 1994), however, an apparent increase in 

total arsenic loading was observed between PPC-3 and PPC-5 (primarily due to a dissolved 

arsenic load increase, as shown on Figure 4-3-5), and again between PPC-5 and PPC-7. 

(where dissolved arsenic load did not increase, so the increase can be attributed to particulate 

phase arsenic only).   The apparent load increase from PPC-5 to PPC-7 during the May 1994 

event is anomalous (i.e., no other increases of similar magnitude during Post-RI monitoring 

events have been observed).  The increase shown on Figure 4-3-9 for May 1994 is probably 

affected by the decreased accuracy of flow measurements during periods of high stream flow. 

 
The relationship between Prickly Pear Creek and Lower Lake is important, due to the 

proximity of Lower Lake to Prickly Pear Creek and the historic use of Lower Lake as a 

storage pond for excess plant water.  Lower Lake is in the southeast corner of the plant site, 

with Prickly Pear Creek immediately to the east (Exhibit 3-2-1).  The lake was formed about 

50 years ago (in the 1940s) by dividing the northern portion of Upper Lake with a berm of 

fill, for the purpose of storing plant process recirculation water. 

 
Surface water and groundwater elevation data collected during the post-RI period show that 

Lower Lake is sometimes as high as five feet above Prickly Pear Creek upstream of the dam 

(at PPC-103), and approximately fifteen feet higher than the creek below the dam (at PPC-

105).  Therefore, Lower Lake water has the potential to seep through bottom sediments and 

adjacent soils into Prickly Pear Creek. 

 

Figure 4-3-10 shows dissolved arsenic concentration trends for Lower Lake, PPC-5, and 

PPC-7.  Lower Lake has shown improvement in water quality over time due to various 







 

 h:\files\007   asarco\0867\ccra report\r99ccra1.doc\HLN\2/2/07\065\0096                                                2/2/07/7:59 AM 

                                                                                   
 
 4-90

process controls and water treatment strategies.  Arsenic concentrations have decreased from 

greater than 10 mg/L (prior to 1993) to an average of 0.42 mg/L (based on 1996 and 1997 

seasonal monitoring data).  The large spike in arsenic concentration in 1992 and 1993 

resulted from routing of high-arsenic process water (scrubber blowdown) directly to Lower 

Lake during the change over to the new Acid Plant Water Treatment Facility (see Section 

4.2.3 - Process Fluid Chemistry, and Section 5.0 - Release Assessment).  Arsenic 

concentrations at PPC-5, as discussed previously, have changed little over the period of 

record, and did not show a similarly large spike in concentration, although a very minor 

concentration increase (0.01 mg/l to 0.025 mg/l, see Figure 4-3-10) was apparent at the site 

in early 1994.  A similar low concentration increase occurred in 1996 (Figure 4-3-10), 

suggesting that the fluctuation in 1994 may be seasonal rather than attributable to the Lower 

Lake spike.  A review of the time trend plots for arsenic at PPC-5 in Appendix 4-3-1 shows 

that highest arsenic concentrations observed were at about one standard deviation (0.025 

mg/l) from the data mean, clearly indicating the concentrations are within the normal range 

of variability.      

 

In addition to dissolved arsenic, sulfate concentration trends were compared for Lower Lake 

and Prickly Pear Creek, since sulfate is more chemically conservative than arsenic and may 

act as a better tracer for evaluating potential effects of Lower Lake on Prickly Pear Creek.  

Figure 4-3-11 shows sulfate concentrations in Lower Lake and at site PPC-5.  A pronounced 

increase in Lower Lake sulfate concentration has occurred since 1994 as a result of the 

HDS plant discharge, from about 600 mg/L to 1600 mg/L; concentrations at PPC-5 do not 

show an accompanying increase.  Time trend plots for sulfate for PPC-5 and PPC-7 in 

Appendix 4-3-1 show concentrations of sulfates in 1994 through the present have little 

variability and are near the mean concentration of the period of record.   

 

4.3.1.3 Prickly Pear Creek and Upper Lake Sediment Quality 

Bottom sediments from Prickly Pear Creek (sampling locations PPC-3 through PPC-9) and 

Upper Lake were collected and analyzed in 1984 and 1985 as part of the RI; no subsequent 
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sediment samples from these locations have been collected.  The sediment quality data for 

Prickly Pear Creek and Upper Lake are in Appendix 3-1-2.  Bottom sediments were collected 

and analyzed as bulk samples (i.e., size fractionation was not performed on sediments). 

 

Sediment quality in Prickly Pear Creek differs upstream of the Asarco plant site (PPC-3 and 

PPC-4) and downstream of the plant site (PPC-5 through PPC-9).  In general, downstream 

sediment arsenic and metals concentrations are higher than those upstream of the plant site.  

For most metals, the greatest observed change is between PPC-3 and PPC-5, with variable or 

decreasing trends further downstream.  Zinc, however, shows a progressive increase in 

concentration downstream.  Figure 4-3-12 shows the downstream trend in average sediment 

metals and arsenic concentrations. 

 
Upper Lake sediments also are relatively elevated in concentrations of arsenic and metals, 

and concentrations are higher than those in Prickly Pear Creek both upstream and 

downstream of the plant site (Figure 4-3-12).  Upper Lake sediment lead concentrations 

ranged from 494 to 4150 mg/kg in 1984-1985 samples.  As stated in the RI, potential causes 

of arsenic and metal concentrations in Upper Lake sediment compared to Prickly Pear Creek 

include: 

 
• The quiescent conditions in Upper Lake allow settling and accumulation of fine 

sediments from upstream of the plant site. As noted in the RI, historical mining 

impacts are well documented and are a major source of arsenic and metals to 

Prickly Pear Creek.  The fine sediment component, in particular, is likely to 

exhibit higher concentrations of arsenic and metals.  These fine sediments have 

accumulated in the slow velocity conditions of LowerUpper Lake. 

• Historic deposition of arsenic and metals from air emissions at the adjacent plant 

site. 






