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Agreed Order 
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Incorporated (Asarco). This report was prepared by Hydrometrics, Incorporated, 
Asarco’s contractor on this project. 

Do not hesitate to contact me at the number below if you have any questions regarding 
this report. 

Sincerely, 

Thomas E. Martin 
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Donald Robbins, Asarco, Salt Lake City 
R. Keith Hopson, Brown McCarroll & Oaks Hartline, Austin 
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Lairy Johnson, Hydrometrics, El Paso 
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I ASARCO EL PASO COPPER SMELTER 
REMEDIAL INVESTIGATION REPORT 

EL PASO, TEXAS 

1.0 INTRODUCTION 

The Texas Natural Resource Conservation Commission (TNRCC) conducted a compliance 
inspection at the ASARCO Incorporated (Asarco) El Paso Copper Smelter in the City of El 
Paso, El Paso County, Texas from May 31 through June 13, 1994 (Figure 1-1). TNRCC 
subsequently sampled soil, surface water and groundwater on January 12 and 13, 1995 as a 

follow-up to the inspection. During these events, the TNRCC documented unauthorized 
discharges of industrial solid waste, wastewater, and stormwater. Based on the results of the 

1994 and 1995 multimedia inspection and sampling events, the TNRCC issued Asarco an 
Agreed Order (Docket No. 96-0212-MLM-E) effective August 29, 1996, which requires a 

remedial investigation of the facility (TNRCC, 1996). .
_

p 

The Agreed Order required that the remedial investigation (RI) be performed to characterize 
the environment (soil, surface water and groundwater) in and around the Asarco El Paso 

Copper Smelter (herein referred to as the Plant), and to determine the nature and extent of 
potential releases of constituents of concem (COCs) to the environment. In November 1996, 
Asarco prepared and submitted to the TNRCC a Remedial Investigation Work Plan 
(Hydrometrics, 1996). The Remedial Investigation Work Plan provides a detailed plan for 
completing the RI, and to provide the necessary data for compliance with TNRCC 
requirements presented in the Texas Administrative Code, Title 30, Chapter 335, Subchapter 

S, Risk Reduction/ ‘Standards. The general RI technical approach taken to meet TNRCC Risk 
Reduction Standards includes the following elements: 
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0 Identification of contaminant sources 

0 Identification of potential contaminant pathways and receptors 

0 Evaluation of risk-based critical values (risk reduction standards) 

0 Assessment of the exposure of human and environmental receptors to contaminants 

0 Recommendations for corrective action to achieve risk reduction standards 

In the absence of specific TNRCC guidance regarding RI work plan preparation, the Work 
Plan was prepared in general accordance with the United States Environmental Protection 

Agency (EPA) guidance for RI work plans contained in the Resource Conservation and 
Recovery Act (RCRA) Corrective Action Plan (EPA, 1994a). Other supporting guidance 

documents included Guidance for the Data Quality Objectives Process (EPA, l994b), and 

EPA Requirements for Quality Assurance Project Plans for Environmental Data Operations 
(EPA, 1994c). 

The remedial investigation summarized in this report was conducted from February 1997 
through June 1998 and includes four quarterly monitoring events for surface water and 

groundwater. This report contains the results of the RI and presents a General Proposal for 

Corrective Action. 

1.1 REMEDIAL INVESTIGATION REPORT ORGANIZATION 
The results of the remedial investigation are presented in the following sections: 

Q Section 1.0: Presents the history of the plant, environmental setting, summary of 
previous investigations, remedial investigation objectives, and organization of the 

report. 

¢ Section 2.0: Presents the results of the remedial investigation in terms of the 

distribution, fate, and transport of constituents of concem (COCs)i in soil, surface 
water, and groundwater in and around the study area. 
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0 Section 3.0: Discusses the relationship between smelter operations and potential 

contaminant source areas and contaminant source materials. Source materials are 

characterized according to concentrations of COCs and volume of impacted material, 
visual characteristics, observed or potential impacts to surface water and groundwater, 

and potential concem for exposure scenarios. 

0 Section 4.0: Presents a general proposal for corrective action and includes the results 

of the risk based assessment, an overview of corrective action processes and 

alternatives, selected corrective action alternatives and associated costs estimates, and 

a schedule to assure appropriate remediation in compliance with Texas 

Administrative Code, Title 30, Chapter 335, Subchapter S, Risk Reduction Standards. 

v Section 5.0: Presents conclusions based upon the information gathered during the 
investigation. 

0 Section 6.0: Lists the references cited in the report. 

1.2 FACILITY DESCRIPTION AND BACKGROUND INFORMATION 
1.2.1 Plant Location and Property Boundaries 
The Asarco El Paso Copper Smelter is located within the city limits of El Paso, Texas (Figure 
1—1). As previously noted, throughout this document, the Asarco El Paso Copper Smelter is 
also referred to as the Plant. The Plant occupies 64 acres bounded by U.S. Interstate 

Highway 10 to the east and U.S. Highway 85 (Paisano Drive) to the west. 

1.2.2 Plant History 

The Plant began operations in 1887 as a lead smelter with an initial daily capacity of 150 tons 
of ore. The smelter was originally owned by the Consolidated Kansas City Smelting and 
Refining Company. Asarco was formed in 1899 and this Plant was one of the original plants 
brought into the new company along with several other smelting and refining facilities. The 
original process for smelting involved roasting the ore in heaps, then in hand-reverberatory 

roasters. Ore used for smelting originated primarily from mines in Northern Mexico, Arizona 

and New Mexico. 
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After a fire nearly destroyed the facility, it was rebuilt in 1902 with the capacity for smelting 
lead. Copper production began in 1910 with the smelting of concentrates. The matte 
produced by this process was transported to a smelter for converting. Due to intemal 

problems in Mexico during this period, the amount of lead ore received declined 

significantly, and copper became the predominant product of the smelter. 

In 1914, the El Paso Smelter was expanded to process 278 tons/day of lead ore. In 1928, lead 

production was approximately 400 tons/day, and copper production was 150 tons/day. In the 

1930s, the plant added a Godfrey roaster for cadmium oxide production. 

In 1948, a blast fumace slag fuming plant for zinc recovery was constructed. In the late 

1970s, an antimony plant was completed, as well as a sinter plant with unloading and bedding 
systems.

_ 

The zinc-fuming furnace was closed by 1982. In 1985, the lead plant was closed and has 
been remodeled as a Mobile Equipment Shop and Storage/Pilot Plant. The cadmium plant 
was shut down in 1992. The antimony plant was operated until 1986, and has not been 
operated since. These closed facilities are in various states of demolition and/or remodeling. 

Currently, the Plant is a primary copper smelter that produces about 140,000 tons/year of 

copper. The copper is processed from approximately 415,000 tons/year of copper concentrate 
(concentrate) and 18,000 tons/year of copper scrap. Raw materials include copper 

concentrate, silica sand, rock, limerock, copper scrap, pig iron, blister copper and speiss (a 

byproduct). Other materials used include lubricating oils and greases, and cooling tower and 

boiler treatment chemicals. A concentrate auger, two CONTOP flash-smelting reactors and a 

holding furnace replaced a reverberatory fumace and two wedge roasters in 1993. 

A new wastewater treatment system (part of CONTOP project) was built and started in 1992. 
The system includes a 150 gallons-per-minute (gpm) lime precipitation plant for metals, a 
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vapor compressor and a spray dryer. The effluent is used as boiler and cooling tower 

makeup. The sludge from the lime settle Waste Treatment Plant is recycled in the process for 
its metals. The solids from the stormwater are disposed of off-site as hazardous waste 

(Dames and Moore, 1996). A new stormwater control system has been designed and is 

scheduled for construction beginning in late 1998 (Dames & Moore, 1998). No process 
water is discharged from the site. 

Table l-l presents a summary of the Plant history. 

1.2.3 Current Operations 
Asarco’s El Paso Plant processes copper concentrates and other copper and precious metal 

bearing materials into 99.0 percent pure copper, sulfuric acid, and various by-products. The 
Plant receives over 35 thousand tons each month of concentrates, by-products, scrap copper 
and flux for processing by rail car and truck. The copper concentrates come primarily from 
Asarco’s mines in Arizona and Montana. This section of the report provides a summary 
description of the Plant’s current operations. Operations are divided into six sub-operations 

as follows: 

0 Unloading and Bedding 

0 Copper Smelting 

Q Copper Converting 

1 Anode Casting 

I Sulfuric Acid Plants 

0 Water Treatment. 

A Plant operations process diagram is in Figure 1-2. 
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1.2.3.1 Unloading and Bedding
, 

Before unloading concentrates, workers take samples from each rail car using a large metal 

auger to recover material from throughout the depth of the load. The samples are bagged, 
labeled and analyzed for moisture and metal content. After weighing each car the material is 

unloaded in a covered building by bridge cranes, or through use of bottom dump cars. The 
unloading building was placed in service in 1979 and consists of two bays, each 40 feet wide 
and 225 feet long. Materialis loaded into six, 30-ton hoppers that are ventilated by a 28,500 

CFM dust collection system. The hoppers feed a series of belts that transport the 

concentrates, along with silica fluxes and recycled material, to the bedding ‘building where 

these materials are blended into a mix. The bedding building contains 14, forty-foot wide 
bins, ten of which are 180 feet long and four of -which are 160 feet long. It spans an area 

equal to three football fields in size, with a capacity of 80 thousand tons of material. 

1.2.3.2 Copper Smelting 
Copper smelting removes iron, sulfur and other impurities, thus purifying the copper. Raw 
copper concentrate mixes are transferred from the storage building beds via conveyor belts to 
a fluidized r bed dryer, then pneumatically conveyed into the two CONTOP cyclone 
“reactors.” These cyclone reactors, each 21 feet high and 7 1/2 feet in diameter, flash smelt 
the concentrates into a “molten rain” of 60 percent copper matte and slag. “Tuyeres,” or 

tubes placed at tangent angles to the circumference of the reactor side near the top of the 

CONTOP vessels, create cyclonic action inside the vessel when pure oxygen, natural gas and 
copper concentrates are blown in, instantly igniting at 2500 degrees Fahrenheit. The cyclonic 
action provides improved mixing of reaction components, thus enhancing the flash smelting 

method for producing copper and separating by-products. During the smelting process, the 

sulfur dioxide (S02) is captured and diverted to one of two acid plants that convert the SO; to 
sulfuric acid. The molten rain of matte and slag falls into a holding fumace where it 

separates into two layers. “Matte,” a copper-rich layer, settles to the bottom and is “tapped” 

from holes located on the sides of the settling furnace. “Slag,” containing silica and iron, 

floats to the top and is skimmed off to a large ladle holding about 45 tons of molten slag. 
The slag is trucked to the slag dump by a specially designed diesel powered “Kress Slag 
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Hauler.” Once cooled, the slag, is mined by Parker Brothers Company and processed into 
railroad ballast, sand blasting media, and asphalt aggregate. The slag produced at the smelter 
is inert, does not leach harmful substances, and poses no threat to human or animal life, or the 
environment. 

1.2.3.3 Copper Converting . 

The molten copper matte tapped from the holding fumace is transported in 200 cubic foot 
ladles by 60-ton overhead cranes to Pierce-Smith copper converters- There are three 

converters, each 13 feet in diameter, two 35 feet in length, and one 30 feet long. They 
convert the 60 percent copper matte to 99 percent “blister copper.” Each converter produces 
90-100 tons of blister copper per cycle. The converter aisle is serviced by three, 60-ton 

capacity, 90 foot wide overhead bridge cranes. 

Converting takes place in two phases. Phase one is the slag blow to remove the iron in the 
matte. Oxygen enriched air is blown directly into the molten mass and silica is added to form 
an iron silicate slag. Sulfur is eliminated during this phase as well. 

Slag is “skimmed” or poured from the converter leaving a product known as “white metal,” a 

copper sulfide containing about 75 percent copper. 

Phase two is the copper blow to remove all the remaining sulfur. As this is an exothermic 
reaction, scrap copper is added to control the bath temperature as air, again blown directly 
into the molten mass, oxidizes the sulfur, forming sulfur dioxide gas that reports to the acid 

plants. The resulting blister copper is transported to one of the plant’s two anode fumaces for 
oxygen removal and casting. 

Converter off-gases pass through the primary hood, then through two high velocity flues, the 
hot gas fan, a spray chamber for conditioning, a plate and wire electrostatic precipitator, then 
on to the gas cleaning section of the acid plants. Automatic controls maintain the draft and 

flow on the converter gas handling system. Gas escaping the primary hoods is captured by 
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the secondary hoods. The entire converter building is enclosed and ventilated. Converter 

building and secondary hood ventilation passes through a 500,000 CFM Wheelabrator 
baghouse and up the 828 foot stack. 

1.2.3.4 Anode Casting 
Anode casting is the final step in the copper smelting process at the Plant. Capacity of each 

anode furnace is 150 tons of blister copper. The furnaces are 30 feet long and ll feet in 

diameter. Reformed natural gas is blown into the molten copper in the fumace to remove 
dissolved oxygen. This takes two to four hours. The approximately 99 percent pure copper 
is then cast into anodes. The anode fumaces are tilted to pour the molten copper into molds 
on a 22 mold casting wheel. Cast anodes solidify and are lifted by a half-ton crane out of the 
molds and into a “Bosh” half-ton crane out of the molds and into a “Bosh” tank to cool. 
About 350 tons of anodes are cast per day. 

The cooled anodes are inspected, assigned a lot number, and shipped to the Amarillo, Texas, 
refinery. In the refinery, the copper then goes through an electrowinning process that 

produces 99.9 percent pure copper — for use as wire tubing and other products. The 
impurities removed during the electrowinning are recovered as refined gold and silver, along 
with selenium, tellurium, and nickel products. 

1.2.3.5 Sulfuric Acid Plants 
Sulfur dioxide generated from the smelting and converting process is converted to sulfuric 
acid in the acid plants. Acid plant No. 1 was completed in 1972 and utilizes the double 
absorption process. The plant has a nominal capacity of 550 short tons per day. Acid plant 
No. 2, also a double absorption plant, was built in 1978. This plant has a capacity of 750 
short tons per day of 100 percent equivalent sulfuric acid. Presently over 97 percent of the 

sulfur input to the plant is captured and converted into sulfuric acid. With the installation of 
CONTOP technology, almost no sulfur dioxide escapes the system. Since installing 

CONTOP, the smelter’s 828-foot stack no longer emits any process gases, only baghouse 
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cleaned ventilation air. This is a significant improvement over an older reverberatory furnace 

operation. 

1.2.3.6 Water Treatment 
The water treatment plant handles water from the gas-cleaning scrubbers in the acid plant and 
removes all metals from the water for reuse. This very high quality water is used as boiler 

make-up water at the powerhouse. The powerhouse uses the steam created by the CONTOP 
waste heat boilers to produce electricity and 15-psi air for the converters. 

1.2.4 Adjacent Land Use 
Land use adjacent to the El Paso Smelter consists of commercial, industrial, manufacturing 

and residential. Figure 1-3 shows land use adjacent tol the project area. To the north of the 
facility is the small residential community of La Calavera. Immediately to the north of the La 
Calavera community is a Portland Cement distribution facility and associated quarries. 

Within one of the historic quarries is the El Paso Water Utilities Water Treatment Plant. To 
the northwest of the smelter and on the west side of the Rio Grande is one U.S. and one 

Mexican brick manufacturer, and a former site of a petroleum refinery. 

Asarco owns vacant land located east of the facility. East of this property are a number of El 

Paso commercial properties along Mesa Street (Highway 20). East of the Mesa Street 
commercial area is a residential area, and to the southeast of the Plant is the University of 

Texas at El Paso (on land donated by Asarco). South and west of the plant is the Rio Grande, 

which serves as theinternational border between the United States and Mexico. 

A survey of public records at the Texas Water Development Board (TWDB) and TNRCC 
was conducted to identify water supply and monitor wells in the vicinity of the Plant. 

Twenty-five Texas wells were identified within a one-half mile radius of the Plant, and State 

of Texas well reports were obtained if available. Nearby wells included water supply wells at 

the University of Texas at El Paso, monitor wells operated by the Intemational Boundary 

Water Commission (IBWC), monitor wells at the Thunderbird Service Station and several 
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private domestic wells. The closest domestic well (TWDB number 49-12-6A) is located at 
420 Clayton Road, which is about one-half mile north of the Plant and upgradient of the 

Plant. The State of Texas Water Well Report indicates that the 68-foot deep well is used for 

domestic and irrigation purposes. The well was drilled in 1975. Information gathered during 

the well survey is presented in Appendix L. 

1.2.5 Facility Permits and Solid Waste Management Units 
The Asarco El Paso Smelter operates under five facility permits issued by the TNRCC and 
the EPA. These permits are listed in Table 1. 

-2. Certain materials and wastes are managed 
within active Solid Waste Management Units (SWMUs) in accordance with TNRCC Notice 
of Registration Number 31235 and were not included as part of the remedial investigation. 
The Asarco El Paso Facility SWMUs are listed in Table 1-3. 

1.3 ENVIRONMENTAL SETTING 
The following sections provide information regarding the climate, geology, hydrogeology, 
and surface water hydrology of the Asarco El Paso Copper Smelter and the surrounding area. 

This information in combination with data collected as part of the RI are used to develop a 

general understanding of contaminant fate and transport discussed in Section 2.0 of this 

report. 

1.3.1 Climate 

The City of El Paso is located in far west Texas with a landscape ranging in elevation from 
3600 feet above mean sea level (msl) on a floodplain to greater than 7,000 feet msl in 
mountainous terrain. The area climate is considered arid and consists of very low relative 

humidity, low precipitation, hot summers and mild winters. The type of vegetation in the 
area is dependent on the location relative to the Rio Grande. In the floodplain area of the 

river, the vegetation consists of shrubs and trees due to the greater amount of available 

groundwater. Vegetation in the higher elevations consists of plants typically found in the 

Chihuahuan Desert. " 
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Spring is the windiest time of the year, creating frequent sand and dust storms. The seasonal 
wind directions are characterized as being from the south-southeast during June through 

October, and from the northwest during November through May. A wind rose plot for the 
Asarco facility is shown in Figure 1-4. The average growing season is approximately 248 

days in the El Paso area, from March 9 to November 12. This period is based on the first and 
last average dates for freezing temperatures during the year (Jaco, 1971). The annual lake 
evaporation for the area is estimated to be 72 inches/year. Pan evaporation tests indicate 

evaporation rates greater than 100 inches/year. Annually, El Paso is reported to receive 83 

percent of the total possible sunshine (J aco, 1971). 

Average monthly temperatures and precipitation are shown in Figures 1-5 and 1-6, 

respectively. Precipitation averages about 8 inches annually, with 75 percent of this 

precipitation occurring between April and September (Jaco, 1971). Records show a high 
variation in annual precipitation ranging from a maximum of nearly 18 inches to less than 2.2 
inches (Jaco, 1971). The majority of the precipitation comes in the form of intense storms 
resulting in high precipitation rates over relatively short time intervals. Total rainfall at the 

Plant between January 1997 and June 1998 was 14.01 inches. _ 

1.3.2 Geology and Physiography 
The Plant is located in El Paso County within the Rio Grande Valley floodplain at an 

elevation approximately 3,600 feet mean sea level (msl) (Figure 1-7 and Figure 1-7a). The 
major physiographic features in the El Paso area are the following (Figure l-8): 

Q The floodplain of the Rio Grande, at an elevation of approximately 3,600 feet mean 
sea level (msl). 

0 An old lakebed located in the northeastem portion of the El Paso area, roughly 
parallel to the floodplain of the Rio Grande. 

¢ The Hueco Bolson, located to the east of the Franklin Mountains. 

H:\FlLES\l28\0734\RIREPOR'l\lNTDRAF2.DOC.DOC\TUC\10/6/98\065 
1- 1 1



I The Franklin Mountains, on the west side of El Paso County at elevations in the 

vicinity of 7,000 feet msl. 

Q The Hueco Mountains, on the east side of El Paso County at elevations in the vicinity 
of 5,500 feet msl. 

Geologically, El Paso County lies within the Basin and Range Province of West Texas. The 
surficial geology of the region is controlled by three mountain ranges (the Franklin 

Mountains, the Hueco Mountains and the Sierra Juarez Range) and the Rio Grande Rift. The 
geologic descriptions are based upon published geologic reports of the area (King et al, 1971 
and Lovejoy, 1976). 

The Franklin Mountains are a tilted block of approximately 2,000 feet of bedded limestone, 
which strikes north south and dips to the west at about 30 degrees. The beds range in age 
from about 135 million to 600 million years and are underlain by a Pre-Cambrian crystalline 
basement of igneous and metamorphic bedrock. 

The Hueco Mountains are approximately 30 miles to the east of the Franklin Mountains and 
mark the eastern boundary of the Basin and Range Province. They are a fault block mountain 
range and contain limestone beds that correlate to those observed in the Franklin Mountains. 

The path of the Rio Grande in this region corresponds to the north-south trend of the 

extensional Rio Grande Rift. The rift separates the Franklin Mountains from the Sierra 
Juarez to the south. The rift valley is composed of river sediments and alluvial debris that 
has eroded from the westem slope of the Franklin Mountains. 

The Sierra Juarez Mountains are located to the south of Ciudad Juarez, Chihuahua, Mexico. 
They are severely thrust faulted and are thought to have been tectonicly transported eastward 
to their present position. There is no stratigraphic correlation between the Franklin 

Mountains and the Sierra Juarez. 

H:\Fl1_ES\ l 28\()734\RlREPOR'l\lNTDRAF2.DOC.DOC\TUC\l0/6/98\065 
1 — 1 2



Geology of the Plant area consists of a mix of colluvial and fluvial sediments. The colluvial 
sediments are generated by 1) the erosion of a laccolith which is locally known as the “Campus 
Andesite” (Figure l-7) and 2) the erosion of the Franklin Mountains. The erosional sediments 
are laid to the west and mixed with the fluvial sediments of the Rio Grande. 

1.3.3 
' 

Hydrogeology 
The two major aquifers of the region are the Hueco Bolson aquifer, east of the Franklin 
Mountains, and the Mesilla Bolson aquifer, west of the Franklin Mountains. The Mesilla 
Bolson underlies the Rio Grande Rift and the river valley. Most of the Mesilla Bolson is in 
the state of New Mexico, with only the westem valley of El Paso County drawing water from 
the aquifer. 

The Hueco Bolson is the principal aquifer for the El Paso area. Structurally, it is a basin 

created by the down-dropped block between the Franklin Mountains and the Hueco 
Mountains and subsequently filled with lacustrine and fluvial deposits. The basin underlies 
70 percent of El Paso County and extends several miles into Mexico. The deepest part of the 
basin underlies the El Paso Intemational Airport and consists of nearly 10,000 feet of 

sediments before bedrock is encountered. 

The Hueco Bolson provides over two-thirds of the municipal water used in the El Paso region 
with the balance coming from the Rio Grande. The aquifer extends into Mexico and is also 
an important source of drinking water for Ciudad Juarez, Mexico. 

Groundwater in the Hueco Bolson occurs in both the fluvial deposits and the underlying 
lacustrine deposits. The primary source of drinking water for the region is extracted from the 
poorly sorted, irregularly stratified fluvial deposits, which outcrop over most of east El Paso 
and range from 400 to 1300 feet thick. The deposits consist of unconsolidated sand lenses 
altemating with gravel, silt, and clay. 
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1.3.4 Surface Water Hydrology 
There are two surface water bodies to the west of the Facility: 1) the Rio Grande, and 2) the 

American Canal, a canal used by the United States to remove its allotment of water from the 
Rio Grande. The canal is concrete-lined to reduce the amount of leakage into the subsurface. 
Local groundwater elevations fluctuate in conjunction with the amount of water in the Rio 
_Grande. Such fluctuations are a result of seasonal releases of water from Elephant Butte 

Dam, near Truth or Consequences, New Mexico, which is approximately 100 miles north of 
El Paso. In the spring, water is released for irrigation purposes, and in the fall the amount of 
water released is restricted to conserve the water over the winter months. 

There is minimal recharge into the aquifers from rain events. Many of the ephemeral 
drainages (locally known as “arroyos”) are generally dry except during or immediately 

following precipitation/snow melt. 

1.4 SUMMARY OF PREVIOUS INVESTIGATIONS 
Previous environmental investigations have been completed at the Facility related to diesel 

fuel releases and the Plant ponds. A summaiy timeline of milestones related to the operation 
of the facility and important environmental actions and reports is in Table 1-1. 

1.4.1 History of Process Pond Investigations 
Three water ponds (Ponds 1, 5 and 6) are located at the Plant. To date, the water in Pond 6 

has been used primarily for general supply, stonnwater collection, anode cooling and fire water 

supply. Pond 5 (which is now dry) was used for boiler feed backup and some stormwater 
collection. Stonnwater collection is the primary function of Pond 1. This water is not used in 

any process. Water in the ponds has exhibited elevated metal ion concentrations; therefore, the 

Texas Water Commission (TWC, formerly the Texas Department of Water Resources and now 
known as TNRCC) previously expressed concern that water contained in ponds No. 1, No. 5 

and No. 6 may infiltrate and impact the underlying groundwater system. On August 21, 1985, a 

Compliance Agreement between Asarco and the TWC was prepared to investigate the potential 
for subsurface contamination caused by potential leakage from the ponds. 
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Reports entitled "Regional and Local Hydrogeology at the El Paso Plant - September 27, 1985" 

and "Liner Investigation - Asarco, Inc., El Paso Plant - November 15, 1985" were prepared by 
Hydro-Search, Inc. in partial fulfillment of the Compliance Agreement between Asarco and the 

TWC. A report entitled "Groundwater Monitoring Plan, Asarco, Inc., El Paso Plant - October 
10, 1985" was prepared by Hydro-Search, Inc. in order to fulfill requirements of the 

Compliance Agreement. 

In a letter dated December 20, l989,_the TWC provided comments conceming Asarco’s 
October 10, 1985, monitoring plan. In a letter dated February 8, 1990, Asarco provided 

responses to the TWC’s comments. On March 14, 1990, the TWC provided Asarco with 
"Notice to Proceed" to begin monitoring activities. 

On May 2, 1990, Hydrometrics initiated groundwater monitoring activities, which included the 
installation of nine monitor wells,§EM-1 through EM-8, and EP-12 (Exhibit 1). Monitor well 

installations were completed in May, 1990, and the monitor wells were developed and sampled 
immediately following installation. The first official quarterly groundwater monitoring event 
was conducted during the period of August 4 to August 6, 1990. Groundwater sampling has 

continued on a quarterly basis. 

Results of these investigations identified elevated concentrations of arsenic, cadmium, 7 
manganese and seleniumiirr groundwater in several wells. Free-phase hydrocarbons observed in 
several monitor wells associated with the diesel releases were sampled and analyzed for metals, 
but none were detected. 

Additionally, for soil classification purposes, split-spoon soil samples were collected at five- 

foot intervals during monitor well installation, and selected samples from wells EM-2 and 
EM-7 (Exhibit l) were submitted for laboratory EP Toxicity metals analyses. Results for 

well EM-2 did not indicate the presence of metal concentrations above the laboratory 
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detection limits. Results for well EM-7 showed detectable levels of cadmium (0.8 mg/kg) 
and lead (4.0 mg/kg) only. 

In March 1998, Asarco requested that the 1985 Compliance Agreement be terminated 

because the ponds were included in the August 1996 Agreed Order. TNRCC concurred, and 
the 1985 Compliance Agreement was terminated in April 1998. In June 1998, Asarco 

removed all sources of new water to Ponds 1 and 5, and allowed the standing water in the 

ponds to evaporate. 

1.4.2 History of Diesel Spill Investigations 

Two separate areas of diesel contamination have been identified at the Plant, as described 

below. The Diesel No. 1 and No. 2 investigation areas are identified in Figure 1-9. 

Diesel Investigation No. 1 

On February 7, 1990, Intemational Boundary and Water Commission (IBWC) workers noticed 
petroleum hydrocarbons seeping into the American Canal just below the El Paso Smelter 

(Figure 1-8). Petroleum hydrocarbons were seeping through expansion joints and weep holes in 
the east concrete wall of the American Canal approximately 350 feet west of three large diesel 

fuel storage tanks located on plant grounds. Hydrocarbon seepage was observed entering the 

canal at several locations over an approximately 1,000-foot-long section of the canal. On 
February 7, 1990, Asarco requested that Hydrometrics conduct an investigation (Diesel 

Investigation No. 1) to determine whether the hydrocarbon seepage was originating from 

Asarco facilities. Asarco also contracted with Raba-Kistner Consultants and Applied Earth 

Sciences (AES) to provide assistance with this investigation. 

Details of Diesel Investigation No. 1 activities are contained in previous Hydrometrics reports 

(199Oa, 1990b and 1993). Investigation activities included installation and sampling of monitor 

wells, installation of continuous groundwater and hydrocarbon pumping and treating’ systems, 

hydrocarbon removal from the American Canal, surface water sampling in the American Canal 

and in the Rio Grande, and excavation and removal of contaminated soils. During February, 
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March, and April 1992 a hydrocarbon recovery system consisting of 21 wells was installed. 

Approximately 50 percent of the diesel spill volume has been recovered, and recovery 

operations are ongoing. Currently, the remediation system consists of a total of 36 monitor 

and/or recovery wells. Affected groundwater is pumped continuously from the spill area and 
processed by gravity separation in a tank. Diesel fuel separated from groundwater is stored in a 

tank. Volatile organics are removed from groundwater by an air stripper, and the treated 

groundwater is pumped into one of the original on-site 500,000 gallon aboveground storage 
tanks, which has been converted from diesel storage to water storage. The water is added as 
plant makeup water for process operations. 

The remediation system has been in continuous operation since 1992. Approximately 22,000 

gallons of the estimated 40,000 gallons of released diesel have been recovered and 7,500,000 

gallons of diesel-affected groundwater treated. The system has prevented additional impacts on 
the surface waters of the American Canal. 

The trend for this site has been a steady reduction of product thickness in the project 

monitor/recovery wells. The most current event (August 1998) indicated product thickness 
ranging from a sheen to 0.1 feet. Measurable thickness was encountered in only one recovery 
well (EP-l9) during the August 1998 sampling event. 

A plan “A” Risk-based Assessment for this site, prepared by Hydrometrics, Inc., was submitted 
to and accepted by the TNRCC in April 1997 (Hydrometrics, 1997b). According to the risk- 

based assessment, levels of constituents of concern were below established cleanup goals, and 

closure for the site could be requested upon attaining measurable thickness of diesel of less than 

0.1 feet for the project site. 

In line with the risk-based assessment, Hydrometrics proposes to discontinue recovery activities 

when diesel thicknesses become less than 0.1 feet. The groundwater pumping equipment will 
be removed from these locations for assessment, cleaning and repair (if necessary). Recovery 

well locations that are discontinued will be monitored daily during the workweek for the 
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occurrence of free product. The schedule is estimated as 4 weeks of daily monitoring, if no 

reoccurrence of diesel is measured, the schedule will then be weekly. 

If the product thickness level at any particular recovery/monitor well location increases to 0.1 

feet or greater, a recovery pump will be reinstalled and recovery operation at that location 

resumed. The recovery system will be operated until the next quarterly sampling event. 

Additional product thickness information will be reviewed and used to determine the status of 

recovery operations at that location, using the guidelines previously discussed. 

When all recovery/monitor well locations continuously sustain product thickness levels of less 
than 0.1 feet for a period of six months, closure from the TNRCC will be sought, as outlined in 
the Diesel No. l Risk-based Site Assessment. 

Diesel Investigation N0. 2 

On March 30, 1990, Hydrometrics, Inc. began investigation activities (Diesel Investigation No. 
2) of an 18,000-gallon aboveground diesel storage tank, which was suspected of having a 

release of hydrocarbons, located near the former zinc fuming plant. The release was suspected 
to occur in the twenty feet of underground piping that connects the aboveground tank to a 

dispenser pump. A backhoe pit was excavated (March 30, 1990) adjacent to the underground 
piping to evaluate for potential leaks. Visible diesel staining was observed within the backhoe 
pit adjacent to the piping. The tank and all associated piping have been dismantled and 

removed from the facility. 

On May 21, 1990, Hydrometrics, Inc. installed monitor well EP-21 (see Exhibit 1) adjacent to 
the 18,000 gallon diesel storage tank. Several hundredths of a foot of phase-separated 

hydrocarbons were encountered in this monitor well. During the period of August 6 to August 

9, 1990, Hydrometrics installed six additional monitor wells, EP-22 through EP-27 (see 

Exhibit 1), to help determine the extent of diesel contamination from the l8,000 gallon tank. 

Only one of these additional wells, EP-25, contained phase-separated hydrocarbons. Several 
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other monitor wells (EP-49, EP-51, EP-52, EP-54 and EP-55) were installed to assess the 
plume extent. 

During sampling activities in July 1993, phase-separated hydrocarbons were encountered in the 

downgradient monitor well EP-49. 

During January 1994 Hydrometrics, Inc. installed eleven additional monitor wells to further 

delineate the Diesel No. 2 hydrocarbon plume in reaction to the occurrence of phase-separated 
hydrocarbons in well EP-49. Three of these monitor wells were installed at the Plant in the 

vicinity of the acid plant. One monitor well (EP—56) is located adjacent to the abandoned 
monitor well EP-52; one (EP-55) is near the acid plant stack; and one (EP-54) is at the plant 

fence, approximately 100 feet north of EP-49. The remaining eight monitor wells were 
installed in the old Smeltertown area just west of the Plant and along the west side of Paisano 
Drive. These wells were designated EP-57 through EP-64 (Exhibit 1). After wells EP-57 
through EP-64 were installed, the plume was observed to have impacted monitor wells EP-57 
and EP-58. 

During the period of March through June of 1994, Hydrometrics, Inc. designed and installed a 

product recovery trench, an air sparge and soil vapor extraction (SVE) trench, and associated 
mechanical equipment to help contain and remove diesel fuel from the area of the former 
Smeltertown. The product recovery trench was placed just ahead of the leading edge of the 
phase-separated hydrocarbon plume to allow liquid-phase hydrocarbons to migrate into the 
recovery trench. The air sparge/SVE trench was placed downgradient of the dissolved 
hydrocarbon plume to provide the final removal of any dissolved hydrocarbons prior to 

groundwater entering the American Canal. This recovery system is currently operating. 

During November and December 1997, in which work was conducted to evaluate the best 
remediation technology for the site. The study recommended a Dual-Phase Extraction system 
to recover the remaining product and remediate the affected soils in the Smeltertown portion of 

the product plume. Dual-phase recovery is extremely well suited for recovery of free product 
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and to address bound fuel in soils that may contribute to the free product and dissolved-phase 
plume during water elevation fluctuations. Dual-phase recovery creates a pressure gradient that 
forces groundwater to flow into the recovery well (area of least pressure). 

Vacuum recovery wells composed of vertical wells spaced throughout the affected plume 
footprint will allow the entire plume area for Phase I (Smeltertown) to be addressed quickly. 
Vacuum recovery wells will be located in the field as follows: 

l. A main header line will be established perpendicular to and in the approximate center of 
the product plume. 

2. Individual vacuum recovery wells will be established from the central header to the 50- 
foot centers to the general extents of the product plume. The wells will header on 50- 
foot center to the general extents of the product plume in a rosette pattem. 

3. The wells will terminate once unaffected soils are encountered in the field drilling 
activities. Wells will be installed to the anticipated water table depth, which will allow 
for the smear zone remediation during low water table periods. 

The upgradient barrier will prevent the recharge of the Smeltettown area product plume and 
prevent continued contamination of this area once it has been remediated. The upgradient 
barrier well(s) will be installed in the vicinity of monitor wells EP-19 and EP-54. Wells will be 
constructed with PVC casing and screened over the entire interval in which product may be 
expected. Downhole pneumatic recovery pumps will be used to remove product and create a 

hydraulic barrier to prevent further downgradient travel towards Smeltertown. 

Operation and maintenance of the downhole pneumatic system will be required in order to 
make adjustments for maximum effectiveness during groundwater elevation fluctuations. 

System protocol requires the operator to adjust the suction tube height and vacuum pressure to 
maximize product recovery while recovering as little water as possible. 
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A transmission waterline will be installed to discharge collected water (after primary treatment 
on the Smeltertown site) from the recovery system to either the Plant water treatment system or 
the Diesel No. 1 remediation site for use as makeup water. Preliminary water quality data, and 
criteria established by plant personnel, indicate that recovered water can likely be discharged 
directly to the Plant’s makeup water system without further treatment. 

Primary treatment will be performed at Smeltertown with a coalescing filter (depending on 
oil/water quality infonnationi to be gathered when the recovery system is operating on a mass 
scale) and an oil/water separator. These units are designed to process up to 15 gpm of total 
recovered fluids. It is anticipated that, under typical operating conditions, about five gpm will 
be discharged to the plant makeup water stream. 

The system is anticipated to be unobtrusive. Equipment will be housed in a fenced enclosure 
adjacent to the existing equipment building constructed during Phase H. The privacy fence will 
be slatted to obstruct the system and ancillary equipment from public view. Wellheads will be 
secured and protected with steel casing, and vacuum/water pipelines will be buried. 

1.5 INVESTIGATION AREAS 
As part of the Agreed Order, specific areas on the facility were designated by the TNRCC as 
areas of concem based on historical and current operations and on the results of the 1994 and 
1995 multimedia inspection and sampling events. These areas of concern are identified in 
the Remedial Investigation Work Plan as Investigation Areas. Investigation Areas are 

indicated in Exhibit 1. Table 1-4 provides a general description of the Investigation Areas. 

The 1996 TNRCC Agreed Order indicated that evaluations of closed plant areas would be 
considered separately from the Remedial Investigation. The following plants at the site that 
have been closed: the lead plant, the cadmium plant, the zinc plant, the antimony plant and 
fonner copper plant operations (wedge roaster, reverberatory fumace and brick flues). Most 
of these plants and the related facilities have already been demolished. Closed Plant 

Evaluation Plans will be prepared for each area to summarize closure actions and outline 
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field sampling programs. Though these plans have not been submitted to the TNRCC yet, 
aspects of the field samplingprograms will overlap the proposed Corrective Action Plan 

presented in this RI report. 

The 1996 Agreed also specifically excluded the two ongoing diesel remedial programs 

(Diesel No. l and 2 investigation areas), although information gathered from boreholes and 

wells installed as part of the diesel remedial programs have been used for this RI report. 

1.6 EXISTING OR POTENTIAL WASTE CONSTITUENTS 
The elements of concem for soil and water are specified in the Agreed Order and in the 
Remedial Investigation Work Plan. These elements are referred to as Constituents of 

Concem (COCs) throughout this report and include the following: 

v arsenic (As) 

0 cadmium (Cd) 

0 chromium (Cr) 

v copper (Cu) 

¢ iron (Fe) 

5 lead (Pb) 

0 selenium (Se) 

Q zinc (Zn) 

Additional parameters of concem in groundwater include: 

0 pH 

0 specific conductivity (SC) 

0 total dissolved solids (TDS) 
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Additional waste constituents in soils and groundwater at the facility include organic 

chemicals associated with diesel fuel. The characterization of these constituents and 

corrective actions are being addressed through other environmental programs.

\ 

1.7 REMEDIAL INVESTIGATION WORK PLAN TASKS 
The tasks outlined in the Remedial Investigation Work Plan were developed to identify 

contamination source areas, groundwater flow pathways, and the vertical and horizontal 
extents of constituents of concem. Proposed fieldwork included the following: 

v Soil and groundwater sampling at the Converter Building Ventilation Baghouse. 

0 Soil and groundwater sampling at the Boneyard/Slag Area. 

0 Surface water sampling of ponded area in Slag Area. 

Q Soil and groundwater sampling at Acid Plants 1 and 2. 

Q Soil and groundwater sampling at the Front Slope Area. 

v Soil and groundwater sampling in Smelteitown. 

v Soil and groundwater sampling in areas outside of originally identified contaminant 

source areas, including potential background areas. 

Q Surface water sampling in the Rio Grande and American Canal. 

0 Soil sampling of the Bedding and Unloading Plants. 

v Soil sampling of the Plant entrance. 

Sampling and analysis procedures were.described in the RI Work Plan and are not 

reproduced for this document. Descriptions of sampling and analysis protocols included the 

following: 
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I Sampling equipment and techniques. 

~ Procedures for taking measurements of water level elevations in the monitor wells. 

0 Procedures for detecting any phase-separated liquids and their thickness, if present. 

0 Well evacuation procedures, including purged water or water quality prior to 

sampling and handling. 

0 Sampling and analysis protocol for field measurements. 

¢ Procedures for decontaminating sampling equipment between sampling events. 

0 Disposal of field-generated waste. 

0 Sample handling and preservation techniques, including chain of custody 

documentation. 

Q Sampling quality assurance/quality control (QA/QC) procedures. 

Samples were submitted primarily for analysis of the parameters identified in the Agreed 
Order. Based upon the review of the RI Work Plan, TNRCC requested that additional 
Investigation Areas be added, specifically the Unloading/Bedding Wastewater- Treatment 
area, process ponds l, 5, and 6, and the sump located near the Plant entrance (TNRCC, 
1997). Asarco addressed the TNRCC comments in their response letter and added the 
requested items to the remedial investigation activities (Asarco, 1997). Included in the 

Asarco response letter was a revised list of Investigation Areas (ten areas total) and a revised 
summary table of samples to be collected in each Investigation Area. The results of sampling 
and a description of identified contamination sources in each Investigation Area are presented 
in section 2.0 of this RI report. 

Per the Agreed Order the following items are presented in this RI report: 

0 A detailed site history including previous site owners, previous known site activities, 
previous known waste management, and current waste management practices. 
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A site characterization of the local soil, geology, groundwater, and surface water 

conditions based upon a literature review. 

Samples of environmental media to define background conditions, hydraulic 

gradient(s), source(s) of contamination, and the vertical and horizontal extent of 

contamination. 

Analytical results of samples using appropriate EPA-approved analytical methods. 
Appropriate quality assurance/quality control (QA/QC) sampling including field 

duplicates, equipment blanks, and trip blanks. V 

Survey of Texas sensitive receptors (i.e., wells) within one-half mile radius of the 

property owned by Asarco between Interstate Highway 10 and West Paisano Drive in 
El Paso, Texas. 

Assessment of aquifer parameters (e.g., porosity, transmissivity, hydraulic 

conductivity and storativity). 

Figures and exhibits presenting facility structures, operations, and storage areas; 

sampling locations, including locations of soil borings and monitor wells; adjacent 

properties; all significant topographic features in the vicinity of the site; surface 

waters in the vicinity; and Investigation Areas. 

Copies of lithologic logs and well construction diagrams. 

Geologic cross-sections. 

Tabulations of all analytical results. 

Copies of the original laboratory data and data validation reports. 

Concentration and depth distribution graphs for constituents of concem identified in 
the Agreed Order. I 

Groundwater contour maps showing hydraulic gradient, static water elevations, 

groundwater flow paths, and the thickness of any phase-separated liquids determined 
during the investigation. 
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¢ Identification of contaminant source areas. ' 0 A general proposal for corrective action stating the Risk Reduction Standard to be 
achieved and a detailed schedule for remediation of any contaminated media 
identified during the assessment necessary to meet the selected Risk Reduction 

Standard. 
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2.0 REMEDIAL INVESTIGATION RESULTS 

This section presents data gathered regarding soil, surface water and groundwater quality at 
the Plant and limited adjacent areas. Soil data are discussed first, followed by surface water 
data and groundwater data. The surface water data are discussed separately as naturally- 
occurring surface water bodies (i.e., the Rio Grande and American Canal) and as man-made 
bodies (i.e., the on-site ponds). Data gathered included data generated during field activities 
conducted in 1997 and 1998 as part of the Remedial Investigation and data obtained from 
previous studies and public agencies, such as the International Boundary Water Commission. 
Summary tables are presented in Appendices C (soil data), E (surface water data), F 
(groundwater level data), and G (groundwater quality data). Laboratory reports and the 
associated data validation reports are presented in Appendices I and J, respectively. 

2.1 SOIL INVESTIGATION RESULTS " 

Soil samples were collected during the RI at the Investigation Areas related to soil 

assessments identified in the Remedial Investigation Work Plan (Hydrometrics, 1996). 

Samples were collected from soil borings, some which were convened to monitor wells. The 
Investigation Areas are indicated in Table 2-1. 

One hundred-forty borings were drilled and sampled as part of the Remedial Investigation 
(see Exhibit 1 and Appendix B). Shallow soil borings were drilled using a truck-mounted 
hollow-stem auger drill, with the exception of boring RIBH-1, which was drilled using a 

reverse circulation, air-rotary technique utilizing a combination down-hole hammer bit and 
Stradex® casing advancer. Soil samples were collected every five feet for borings RIBH—1 
through RIBH-10. Slag was not sampled from RIBH-1 through RIBI-I-10. For all other 

borings slag and soil samples were collected at four intervals below ground surface (0-2 
inches; 18-30 inches; 36-48 inches; and 48-60 inches). A split-spoon sampling device 
measuring 2 feet in length and 1.6 inches in diameter was used to collect soil samples. Data 
collected from other boreholes and wells previously installed at the site, including wells EM- 
1 through EM-8, were used as appropriate for this report. Wells EM-1 through EM-8 were 
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constructed in 1985 under a separate order (TNRCC, 1996). Borings AB-l through AB-5, 
which were advanced as part of a July 1996 investigation, were used in the investigation of 

the Front Slope Area (see Section 3.4). In addition, surface grab samples of sediments 

collected in October 1996 from Ponds 1, 5 and 6 are used in the investigation of the ponds 

(see Section 3.7). 

Monitor wells EP-67 through EP-89 were installed as part of the -Remedial Investigation. 
Wells were installed using a reverse circulation, air-rotary technique utilizing a combination 

down-hole hammer bit and Stradex® casing advancer with the exception of wells EP-80 and 
EP-81. This technique was selected because of its ability to drill through the slag, large 
boulders and bedrock present over most of the site. Wells EP-80 and EP-81 were drilled 
using a truck-mounted hollow-stem auger drill. These two wells are located on the 

floodplain north of Smeltertown. Well depth for each monitor well was determined during 
the soil boring and sampling activities. Generally, the water table was estimated from drill 
cuttings, and the boring was then advanced an additional 5 to 15 feet below the water table. 
Soil samples were collected at five-foot intervals during well constructionusing a split-spoon 

sampler. No slag samples were collected during the drilling and installation of the Monitor 
Wells. _ 

Wells were constructed using 4-inch diameter, flush-threaded, Schedule 40 PVC for the riser 
and screen. The well screen was 0.020-inch machine-slotted PVC with a threaded bottom 
cap. Above the screen interval, solid riser was installed with an expanding well plug to seal 
the well casing. The annulus between the PVC and the outer well bore was filled with 12-20 
sieve size sand to a depth of approximately 2 feet above the upper screen interval. Above 
this interval, bentonite chips were installed and hydrated to a depth of approximately 5 to 10 

feet below ground level. The remaining 
, 

annulus space was filled with concrete to the 
surface. Wells were completed with an 8-inch diameter, above-ground steel casing with 

locking cover approximately 2 to 4 feet above ground-level. 
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Upon completion, all monitor wells were developed by extracting three to ten well volumes 
of water. Development water was monitored for pH, specific conductivity, temperature and 
turbidity until parameter measurements stabilized, indicating representative water was being 
extracted from the aquifer. Development volumes were based on parameter stabilization and 
a visual observation of reduced turbidity. Well construction details for each well are 

presented in Table B-2, Appendix B. 

One additional well (EP-90) was installed in December 1997 by redrilling well EP-74, which 
was destroyed during demolition activities at the lead plant and could not be salvaged. A 
State of Texas Well Report was completed by the well driller (Layne Christensen Company) 
and submitted to the TNRCC to document the well construction activities. Two wells (EM-l 
and EM-8) were plugged and abandoned in August 1998 because groundwater levels had 
fallen below their monitoring levels. State of Texas Plugging Reports were completed by the 

well driller and submitted to the TNRCC. Appendix B presents the borehole and well 
construction details of all borings and wells installed at the facility tabulated on Tables B-1 

and B-2, respectively. Appendix B also contains lithologic logs and well construction 

diagrams. 

A total of 634 soil samples were collected, including samples used as Quality 

Assurance/Quality Control (QA/QC) samples. QA/QC samples were collected at a rate of 
about five percent, or one QA/QC sample per 20 samples. Selected soil samples were 

subsequently analyzed by the Asarco Technical Services Center in Salt Lake City. Sampling 

was conducted in accordance with the SOPs presented in the Work Plan. All samples were 

analyzed using x-ray fluorescence spectrometry (XRF) methods for analysis of total metals 
(arsenic, cadmium, chromium, copper, iron, lead, selenium and zinc). Laboratory QA/QC 
procedures required confirmation analysis of 1 in 20 samples collected using Waste 
Extraction Test (WET) chemistry methods for total metals analysis using HF extraction. 
Table C-l, Appendix C, presents a list of the sample locations, sample identifiers and sample 
depths. Analytical results are presented in Tables C-2 through C-10. Laboratory reports are 

presented in Appendix I. 
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Since no boreholes were drilled off-site during this investigation, well EP-86 is considered as 
the most representative background well, because it is the farthest north and hence is the 

farthest from site activities (see Figure 2-1). Soil samples were collected from this borehole 

at five-foot intervals from ground surface to 60 feet (see Table C-1). Each sample, including 
a duplicate sample collected at 60 feet bgs, was analyzed for arsenic, cadmium, chromium, 
copper, iron, lead, selenium and zinc (see Table C-10). Soil pH ranged from 8.4 to l0. No 
detectable concentrations of arsenic, cadmium, or selenium were reported above their 

respective detection limits of 20 milligrams per kilogram (mg/kg), 10 mg/kg and 10 mg/kg. 
Chromium was detected in less than half of the samples, at concentrations ranging from the 
detection limit of 30 mg/kg to l00 mg/kg. Copper was detected in slightly more than half of 
the samples, at concentrations ranging from just over the detection limit of 20 mg/kg to 76 
mg/kg. Iron was detected in all samples at concentrations ranging from 7,000 mg/kg to 
22,000 mg/kg. Lead was detected in all but the deepest samples at concentrations ranging 
from slightly above the detection limit of 10 mg/kg to 87 mg/kg. Zinc was detected in all 
samples at concentrations ranging from 18 mg/k to 100 mg/kg. Using these results as 

background concentrations, it appears that arsenic, cadmium and selenium do not naturally 
occur above detection limits at the site. Chromium, copper, iron, lead, and zinc are all 

naturally occurring at concentrations up to 100 mg/kg with the exception of iron which is 
present at high concentrations. , 

.- 

The minimum, maximum and average concentrations of the analyzed parameters for all soil 
samples collected during the remedial investigation are summarized in Table 2-2. These 

concentrations are based upon all soil samples analyzed, using one-half the detection limit for 
a non-detected constituent to calculate the average. Another source of comparable 

background concentrations in soils is a study published by the US Geological Survey which 
presents analytical results of soils collected throughout the United States (USGS, l984). 

Based upon that study, average concentrations of the eight metals of concem at the site are 
higher than typical background concentrations, with the exceptions of iron and chromium, 
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which are only slightly higher. No average concentration was established for soil pl-I and 
cadmium. 

The pH values detected in soil samples ranged from 5 to 10.2, with an average of 8.5. The 
minimum metal concentrations were below the respective detection limits, with the exception 
of iron, which was detected at a minimum concentration of 5,000 mg/kg. The maximum 
concentrations detected ranged up to 260,000 mg/kg for an iron analysis. The highest metal 
concentrations detected were iron concentrations, with an average concentration of 30,524 
mg/kg for all soil samples collected. The average concentrations of arsenic, cadmium, 
chromium, copper, lead, selenium and zinc were 616 mg/kg, 124 mg/kg, 86 mg/kg, 4,362 
mg/kg, 2,447 mg/kg, 22 mg/kg and 2,695 mg/kg, respectively. All of the average metal 

concentrations calculated for the site are higher than the background concentrations detected 
in well EP-86 soil samples and the average background concentrations reported by the USGS. 
Analytical results for all soil samples are presented in Appendix C, Tables C-2 through C-10, 
respectively, for Investigation Areas 1, 2, 3, 4, 5, 8, and 10, remedial investigation borings, 
and monitor wells. 

2.1.1 Distribution of Constituents of Concern in Soil 
Per the Agreed Order issued by the TNRCC, the constituents of concem at the.Plant are 

-
/ 

arsenic, cadmium, chromium, copper, iron, selenium, zinc, lead, pH; specific conductivity 
and total dissolved solids (TNRCC, 1996). ,Two of the constituents of concem, specific 
conductivity and total dissolved solids, apply only to water. 

Concentrations are generally highest in the upper soils, typically from ground surface to five 
or ten feet bgs, as illustrated on graphs presented in Appendix D. For example, arsenic is 
detected in concentrations greater than 5,000 mg/kg at ground surface along the central- 
westem edge of the facility, near the Acid Plant. Arsenic occurs at concentrations greater 

than 5,000 mg/kg in only a very limited area at four feet bgs in this area. Some metal 
distributions, especially iron and chromium, are erratic because they are probably naturally- 
occurring concentrations. Metals detected in concentrations which are higher than the soil 
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I remediation levels for nonresidential areas are arsenic, cadmium, copper and lead. Though 
these are not applicable standards, they provide an indication that arsenic, cadmium, copper 
and lead are the constituents of concem at the site. Depth distributions for all eight metals 

analyzed are presented in Appendix D for soil samples collected during the monitor well 
construction, including wells EP-67 through EP-90. 

2.2 SURFACE WATER INVESTIGATION RESULTS 
2.2.1 Regional Surface Water 
As part of the remedial investigation, surface water quality in the vicinity of the Plant was 
assessed. There are two prominent surface water bodies in the vicinity of the Facility (Figure 
2-2): l) the Rio Grande, which serves as the intemational boundary between the United 
States and Mexico; and 2) the American Canal, which is used by the United States to remove 
its water allotment from the Rio Grande. The canal is concrete-lined, and is approximately 
nine feet deep (IBWC, 1998). Recharge to the surface water is from upstream dam releases, 
precipitation, surface runoff, and groundwater. 

Surface runoff in the area is primarily controlled by drainages locally known as “arroyos” , 

which are dry except during heavy rain events. The five main arroyos located at the Plant 
have been designated for the purpose of this report as Parker Brothers Arroyo, Ponds 5 and 6 

Arroyo, Pond l Arroyo, South Terrace Area Arroyo, and Acid Plant Arroyo (see Figure 2-3). 
The arroyos have been filled over time with a variety of fill materials, including slag cooled- 
in-place and redeposited slag, crushed rock, brick, metal, concrete fragments, and native 
soils. The fill zones are generally dense or firm, but also contain loose zones in many 
locations (Sergent, Hauskins & Beckwith, 1976). 

Surface water flow and quality in the Rio Grande near the vicinity of the Plant are subject to 
the following influences: 

0 Effluent discharged from the sewer disposal facility (Northwest Waste Water 
Treatment Plant) located northwest of Smeltertown

l 
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0 The American Dam, which diverts part of the Rio Grande to the American Canal. 
The American Canal removes the US allocation of water from the Rio Grande 

0 Shallow groundwater recharge along the Rio Grande 

Q The International Dam, located south of the University of Texas at El Paso, which 
diverts water to the Franklin Canal; it is also the location at which Mexico removes 
water from the Rio Grande 

0 The Haskell R. Street Waste Water Treatment Plant, located on Delta Street 

approximately l mile downstream of Asarco ‘ 

Q Seasonal irrigation releases to the Rio Grande from the Elephant Butte Reservoir as 
regulated by the Elephant Butte Irrigation District. 

Historically, surface water also may have been affected by stormwater runoff from the Plant; 
currently runoff, however, is controlled by berms, pads and sumps. There is a potential for 

stormwater runoff to leave the Plant near the Plant entrance, however, that potential source 

will be controlled when the proposed surface drainage improvements (Dames and Moore, 
1998) are made. - 

Surface water at the site, in the American Canal and in the Rio Grande has been sampled by 
Hydrometrics as part of this investigation and as part of on-going monitoring conducted by 
the International Boundary Water Commission (IBWC). IBWC data obtained as part of the 
remedial investigation included water quality data for two locations in the Rio Grande for the 
years 1995 through May 1998 and flow data in the Rio Grande at three locations for the 
years 1889 through May 1998 (IBWC, 1998). 

Hydrometrics sampled ten surface water locations in the Rio Grande and American Canal 

quarterly between August 1997 and May 1998. Three sampling locations (SEP-1, SEP-3 and 
SEP-7) are located in the American Canal. Seven sampling locations (SEP-2, SEP-4, SEP-9, 
SEP-10, SEP-ll, SEP-12 and SEP-13) are located in the Rio Grande. The surface water 
sample locations are shown on Figure 2-2. Permanent rods located three to five feet from the 
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American Canal and Rio Grande are surveyed and used as reference points during sampling. 

The actual sample locations are within the canal and river, hence the locations on Figure 2-3 

are the permanent rod locations rather than that of the river. 

2.2.2 On-site Process Water Facilities 
Three unlined water ponds and a stormwater evaporation pond are located within the Asarco 

site boundaries. Pond 1 is located on the southwestem portion of the facility with Pond 5 at 
the approximate center. Pond 6 is located at the nonhem center and the stormwater 
evaporation pond (“Rubber Pond”) near the facility entrance (Asarco, 1996). Pond 1, 

historically, has been used for storage of river water. Pond 5 was used as fresh water storage 
and is currently dry. The water was derived from city water and is used mainly as a source 
for dust suppression activities. Acid plant cooling tower blowdown, contact and non-contact 

cooling water, stormwater and city water are stored in Pond 6 for recycling and make-up 
water. Stormwater from the southem part of the property is retained for evaporation in the 

Rubber Pond, which is double-lined and has a leak detection collection system. The Rubber 
Pond was not included in this site investigation. Ponds 1, 5 and 6 will be closed after the 

stormwater collection and reuse system is completed. Another closed depression (SEP-14) is 

located at the Plant near the northeastem property boundary, however it was dry during each 
of the sampling quarters. Water in the closed depression either evaporates or seeps into the 

ground. 

Hydrometrics, Inc. sampled each of the on-site water ponds (Ponds 1, 5 and 6) quarterly 

between August 1997 and May 1998. The pond locations are shown on Exhibit 1. 

2.2.3 Surface Water Quality Results 
Results of the surface water quality sampling and flow gauging are discussed below. A 
reference list of the analytical parameters, units of measurement and abbreviations is 

presented in Table 2-3 to supplement the data received from IBWC. 6- 
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2.2.4 IBWC Data 
IBWC provided water quality data for the period 1995 through May 1998 for two locations 
on the Rio Grande: 1) at Courchesne Bridge, which is located upstream of the site, 

approximately 9.5 miles above the Haskell R. Street Waste Water Treatment Plant and 2) 
across from Bowie High School football field, which is located downstream from the site and 
about 1.5 miles above the Haskell R. Street Waste Water Treatment Plant (see Figure 2-2). 

Though the Bowie High School location is significantly downgradient from the site, the data 
are discussed in general. The Courchesne Bridge location is the upgradient sampling point 
on the Rio Grande closest to the Asarco site. . 

Parameters tested at each location included dissolved oxygen (DO), pH, biochemical oxygen 

demand (BOD), fecal coliforrn, chloride, TDS, sulfate, SC, total hardness, ammonia, turbidity 
and temperature. Samples were collected and analyzed on a weekly basis. The 1997 and 

1998 results for the Rio Grande location at Courchesne Bridge are presented in Table 2-4. 

Based upon the Courchesne Bridge data for the period of January 1997 through May 1998, 
the average analytical concentrations were 9.0 mg/1 DO; 7.9 pH; 3 mg/l BOD; 340 colony- 
forming units per 100 ml for fecal coliform; 146 mg/l chloride; 761 mg/1 TDS; 254 mg/l 

sulfate; 1,279 microsiemens per centimeter (g.LS/cm) specific conductivity (SC); 293 mg/1 

total hardness; 0.1 mg/l ammonia; 115 NTUs turbidity; and 59° F for temperature (Appendix 
E). 

For the same period, the average surface water parameter concentrations at the Rio Grande 

location across from Bowie High School were 9.0 mg/l DO; 8.1 pH; 4 mg/l BOD; 394 
colony-forming units per 100 ml for fecal coliform; 141 mg/1 chloride; 767 mg/l TDS; 235 

mg/l sulfate; 1,270 p.S/cm SC; 288 mg/1 total hardness; 0.3 mg/1 ammonia; 86 NTUs 
turbidity; and 60° F for temperature (Table 2-5 and Appendix E). 

The surface water quality results at both locations are similar, which indicates that in the 

reach of the Rio Grande between the two sampling points, there is little additional influence 

on the water quality. The parameter exhibiting the largest variance is turbidity, which 
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averaged 115 Nephelometric Turbidity Units (NTUs) upstream from the facility at 

Courchesne Bridge and 86 NTUs downstream from the facility at Bowie High School. 
Graphs illustrating the results of a single sampling event during August of each year at each 

sampling location are presented in Figures 2-4 through 2-9. The greatest difference in results 
for these single sampling events is in the fecal coliform results, which ranged from O to 1,900 
colony-forming units per 100 ml at the location near Bowie High School. 

Average concentrations at both locations are summarized in Table 2-6. The averages were 
calculated using samples collected during the weekly monitoring events between January 
1997 and May 1998. 

2.2.5 Results of On-Site Pond and Surface Water Sampling by Hydrometrics 
Water quality data collected by Hydrometrics at the on-site ponds and at locations within the 

American Canal (sample locations designated as SEP-7, SEP-1 and SEP-3, upstream to 
downstream) and within the Rio Grande (sample locations SEP-9, SEP-10, SEP-1 1, SEP-2, 
SEP-12, SEP-13, and SEP-4, upstream to downstream) are presented in Appendix E. The 
surface water sample locations are presented in Figure 2-3. Samples were analyzed in the 
field for dissolved oxygen, pH, electrical conductivity and water temperature, plus laboratory 

analyses of pH, electrical conductivity, total dissolved solids, total suspended solids, calcium, 

magnesium, sodium, potassium, total alkalinity as CaCO3, bicarbonate, carbonate, sulfate, 
chloride, fluoride, nitrate and nitrite as N, and dissolved metals (i.e., arsenic, barium, 

cadmium, chromium, copper, iron, lead, manganese, mercury, selenium, silver and zinc) for 
selected samples. The analytical results are summarized in Tables E-1. through E-3, 

Appendix E. 

Each on-site pond and surface water location was sampled quarterly from August 1997 
through May 1998. The minimum, maximum and average concentrations of each parameter 
are summarized in Table 2-7. The average concentrations were calculated using one-half the 
detection limit for nondetectable results. If the average concentration is less than the 

detection limit, the detection limit is indicated.
, 
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2.2.6 Rio Grande Surface Water Sampling Results 
Rio Grande surface water was sampled at seven locations, designated as SEP-9, SEP-10, 
SEP-1 1, SEP-2, SEP-12, SEP-13, and SEP-4 (upstream to downstream), and samples were 
analyzed for the parameters listed in Table 2-7. 

Dissolved oxygen results ranged from 0 to 7.64 mg/1. Results for pH ranged from 7.9 to 8.5. 
Electrical conductivity ranged from 814 micromhos per centimeter (umhos/cm) to 1,993 

umhos/cm. TDS ranged from 526 mg/1 to 1,337 mg/1. Total suspended solids (TSS) ranged 

from 16 mg/1 to 432 mg/1. General mineral concentrations of calcium, magnesium, sodium, 
and potassium ranged from 60 mg/1 to 107 mg/1; 14 mg/1 to 27 mg/1; 100 mg/1 to 286 mg/1; 
and 7.4mg/l to 14 mg/l, respectively. Total alkalinity results ranged from 162 mg/1 to 235 

mg/1. Bicarbonate and carbonate results ranged from 178 mg/1 to 299 mg/1 and 0.5 mg/1 to 17 

mg/1, respectively. Sulfate ranged from 131 mg/1 to 436 mg/1. Chloride ranged from 67 mg/1 
to 255 mg/1. Fluoride ranged from 0.57 mg/1 to 0.82 mg/1. Nitrate and nitrite (as nitrogen) 

ranged from 0.21 mg/1 to 6.5mg/l. 

Dissolved metal concentrations, including arsenic, cadmium, chromium, copper, iron, lead, 
selenium and zinc, ranged from below the detection limit of 0.005 mg/1 to 0.011 mg/1; are all 

below the detection limit of 0.005; are all below‘ the detection limit of 0.005 mg/1; are all 
below the detection limit of 0.025 mg/1; are all below the detection limit of 0.1 mg/1; all were 
below the detection limit of 0.003 mg/1; all were at or below the detection limit of 0.005 

mg/1; and ranged from below the detection limit of 0.02 mg/1 to 0.035 mg/1, respectively. 

Total recoverable metal concentrations, including arsenic, cadmium, chromium, copper, iron, 
lead, selenium and zinc, ranged from below the detection limit of 0.003 mg/l to 5.9 mg/1. 
The arsenic concentrations ranged from below the detection limit of 0.005 mg/l to 0.015 
mg/1. Cadmium concentrations ranged from below the detection limit of 0.005 mg/1 to 0.008 
mg/1. Chromium concentrations were all below the detection limit of 0.01mg/1. Copper 
concentrations ranged from below the detection limit of 0.025 mg/1 to 0.026 mg/1. Iron was 
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detected at concentrations ranging from 0.15 mg/l to 5.9 mg/l. Lead concentrations ranged 

from below the detection limit 0.003mg/l to 0.014 mg/l. Selenium concentrations ranged 

from below the detection limit of 0.005 mg/l to 0.006 mg/1. Zinc concentrations ranged from 

below the detection limit of 0.02 mg/l to 0.042 mg/l. 

Most of the metal results from the Rio Grande samples are below the detection limit and the 
MCLs (Appendix E, Table E-3). * 

2.2.7 American Canal Surface Water Sampling Results - 

Within the American Canal, surface water samples were collected at SEP-7, SEP-1 and SEP- 

3, upstream to downstream. Samples were analyzed for common ions, dissolved metals and 
total recoverable metals. Results are presented in Appendix E. 

Dissolved oxygen results ranged from 4.97 mg/1 to 12.4 mg/1. Results for pH ranged from 
7.6 to 8.5. Electrical conductivity ranged from 896 ttmhos/cm to 5,410 umhos/cm. Total 

dissolved solids ranged from 594 mg/1 to 3,979 mg/l. Total suspended solids ranged from 13 

mg/1 to 275 mg/l. General mineral concentrations of calcium, magnesium, sodium, and 
potassium ranged from 62 mg/l to 225 mg/1; 15 mg/l to 94 mg/1; 114 mg/l to 965 mg/1; and 

6.9 mg/1 to 67 mg/1, respectively. Total alkalinity results ranged from 172 mg/l to 388 mg/1. 

Bicarbonate and carbonate results ranged from 205 mg/1 to 381 mg/l and 0.5 mg/l to 11 mg/1, 
respectively. Sulfate ranged from 156 mg/l to 1,839 mg/l. Chloride ranged from 75 mg/1 to 

679 mg/1. Fluoride ranged from 0.65 mg/l to 2.3 mg/1. Nitrate and nitrite (as nitrogen) 

ranged from 0.21 mg/l to 12 mg/l. 

Dissolved metal concentrations, including arsenic, cadmium, chromium, copper, iron, lead, 
selenium and zinc, ranged from below the detection limit of 0.005 mg/1 to 0,082 mg/l; 
ranged from below the detection limit of 0.005 mg/l to 0.13 mg/1; are all below the detection 
limit of 0.01 mg/1; are all below the detection limit of 0.025 mg/1; are all below the detection 

limit of 0.1 mg/1; ranged from below the detection limit of 0.003 mg/1 to 0.004 mg/1;. ranged 
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from below the detection limit of 0.005 mg/1 to 0.2 mg/1; and ranged from below the 

detection limit of 0.02 mg/l to 0.022 mg/l, respectively. 

Total recoverable metal concentrations, including arsenic, cadmium, chromium, copper, iron, 
lead, selenium and zinc, ranged from below the detection limit of 0.003 mg/l to 4.7 mg/l. 

Arsenic concentrations ranged from 0.005 mg/l to 1.6 mg/1. Cadmium concentrations ranged 
from below the detection limit of 0.005 mg/l to 0.019 mg/1. Chromium concentrations were 
all below the detection limit of 0.0lmg/l. Copper concentrations ranged from below the 
detection limit of 0.025 mg/1 to 0.043 mg/1. Iron concentrations ranged from below the 

detection limit of 0.1 mg/l to 4.7 mg/l. Lead concentrations ranged from below the detection 

limit 0.003 mg/1 to 0.021 mg/l. Selenium concentrations ranged from below the detection 

limit of 0.005 mg/l to 0.36 mg/1. Zinc concentrations ranged from below the detection limit 

of 0.02 mg/1 to 0.068 mg/1. 

2.2.8 On-site Pond Water and Sediment Sampling Results 
The three water ponds at the Plant were not designated as part of the initial Remedial 

Investigation Work Plan (Hydrometrics, 1996); however, they were incorporated into the site 
assessment based upon the request of TNRCC (1997). Water samples were collected from 
Ponds 1, 5 and 6 (see Figure 3-8). The closed depression in the northem portion of the Plant 
(location SEP-14) was dry during all sampling events. 

Dissolved oxygen results ranged from 5.29 mg/1 to 8.33 mg/1. Results for pH ranged from 
7.2 to 9.1. Electrical conductivity ranged from 975 ttmhos/cm to 50,100 umhos/cm. Total 

dissolved solids ranged from 644 mg/l to 53,664 mg/1. Total suspended solids ranged from 

1.8 mg/1 to 41 mg/l. General mineral concentrations of calcium, magnesium, sodium, and 

potassium ranged from 35 mg/1 to 526 mg/1; 3.2 mg/l to 274 mg/1; 154 mg/l to 16.140 mg/1; 
and 6.3 mg/l to 715 mg/1, respectively. Total alkalinity results ranged from 73 mg/1 to 154 

mg/l. Bicarbonate and carbonate results ranged from 61 mg/l to 256 mg/l and 0.5 mg/l to 25 
mg/1, respectively. Sulfate ranged from 193 mg/l to 36,326 mg/l. Chloride ranged from 137 
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mg/l to 2,853 mg/l. Fluoride ranged from 0.91 mg/l to 30 mg/l. Nitrogen ranged from 0.025 

mg/l to 34 mg/l. 

Dissolved metal concentrations, including arsenic, cadmium, chromium, copper, iron, lead, 
selenium and zinc, ranged from 0.064 mg/l to 3.7 mg/l; ranged from 0.021 mg/l to 22 mg/1; 
are all below the detection limit of 0.01 mg/1; ranged from 0.2 mg/1 to l mg/1; ranged from 

below the detection limit of 0.1 mg/l to 0.76 mg/l; ranged from 0.004 mg/l to 0.26 mg/l; 
ranged from below the detection limit of 0.010 mg/1 to 1.7 mg/l; and ranged from 0.16 mg/l 
to 137 mg/l, respectively. 

The on-site pond water was not sampled for total recoverable metals becauseoff-site surface 
water is not directly affected by the ponds. Any impact to off-site surface water can be 
related to groundwater sources. 

Sediments in Ponds 1, 5 and 6 were sampled in 1996 and analyzed for total recoverable 

metals (Hydrometrics, 1997a). The sediment samples were collected at three locations in 
each pond from about the upper four inches of sediment. Results indicated elevated metal 

concentrations in the pond sediments; however, it was believed that the pond water would be 
the primary source of groundwater contamination and that pond sediments would constitute a 

minor contributor. The sediment results are presented in Table 2-8. 

2.2.9 Comparison of On-site Pond and Surface Water Sampling Results 
In all cases, concentrations in the pond water samples were higher than in the Rio Grande and 
American Canal surface water samples, with Pond 1 having the highest concentrations of the 

three ponds sampled.
i 

The higher concentrations collected from Pond 1 are attributed to 

initial concentrations in the water stored in the pond and subsequent water evaporation during 
all sampling events. The relative concentrations of general minerals in each pond are 
illustrated on Figure 2-10, which presents the general minerals results (i.e., TDS, TSS, 
temperature, calcium, magnesium, sodium, potassium, bicarbonate, carbonate, sulfate, 

chloride, fluoride and nitrate-nitrite) for Ponds 1, 5 and 6. 
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The parameters of pH, SC, TDS, temperature, sulfate and chloride were analyzed for the 
pond samples, the Rio Grande surface samples collected by Hydrometrics, Inc. and the Rio 

Grande sample collected by [BWC at Courchesne Bridge during November and December 
"1997. These results are summarized in Table 2-9. 

The results indicate that Pond lvhas the highest concentrations, followed by Pond 6 ands 
sample locations SEP-l and SEP-3. Locations SEP-l and SEP-3 are both located in the 
American Canal. The other samples had lower concentrations and were similar to each other. 
The analytical data are presented in Figure 2-l l. 

Water and surface water data for general mineral samples collected from Ponds 1, 5 and 6, 
Rio Grande locations SEP-2, SEP-4, SEP-7, SEP-9, SEP-10, SEP-ll, SEP-12 and SEP-13, 

and American Canal locations SEP-1, SEP-3 and SEP-7 were plotted on Piper diagrams 
(Figures 2-17 through 2-25). Piper diagrams are used to visually present cation and anion 

compositions of multiple samples on a single graph, thus allowing trends in data to be 

visually determined. Based upon the Piper diagram for Ponds 5 and 6, both waters are of 
similar composition to each other and to the Pond 1 sample (Figures 2-18 and’ 2-19, 

respectively). Piper diagrams for other surface water samples are discussed in more detail in 
a later section of this report. 

Rio Grande samples collected in August 1997 and February 1998 are plotted on two separate 
diagrams (Figures 2-22 and 2-23). Rio Grande samples are similar to each other for each 

individual sample time; however, the geochemistries vary between summer and winter 
sampling events. The summer samples (August 1997, Figure 2-22) have higher carbonate- 
bicarbonate concentrations and lower chloride concentrations compared to the winter samples 

(February 1998, Figure 2-23). Rio Grande water geochemistry is probably influenced by 
increased flow during the summer and reduced flow during the winter due to dam releases, 
snow melt, and higher precipitation during the summer. 
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American Canal samples have similar geochemistries during the summer (increased flow) 
and slightly dissimilar geochemistries during the winter (low flow) (Figures 2-24 and 2-25, 
respectively). During the winter, the sample collected at location SEP-7, which is the farthest 

upstream in the American Canal, had higher carbonate-bicarbonate and chloride 

concentrations than samples collected at downstream locations SEP-l and SEP-3. 

2.2.10 Rio Grande Flow Data 
IBWC maintains a database with mean daily flow measurements at three points in the Rio 
Grande. Flow data, measured in mean daily discharge in cubic meters per second, is 

available for the following locations and time periods: 

0 At the Courchesne Bridge for the period 1889 through May 1998 

v At the Pump House below the American Dam for the period 1938 through May 1998 
Q At the American Dam diversion to the American Canal for the period 1938 through May 

1998. 

Only the data from 1995 through 1998 were considered for this report. The data" are 

presented in Table 2-10 and shown graphically on Figure 2-12. 

The upgradient location at Courchesne Bridge had the highest mean daily flow rates, and the 
downstream location at the Pump House had the lowest mean daily flow rates. Daily flow 
rates are highest at Courchesne Bridge because it is located upstream from the American 
Dam diversion. At the American Dam, water is diverted from the Rio Grande to the 

American Canal for use by the U.S. The highest flow volumes were noted in July and 
August, 1995. During this time, the meanpdaily discharge volumes ranged up to 110 cubic 

meters per second at Courchesne Bridge. Other sources of flow to the Rio Grande include 
the Northwest Waste Water Treatment Plant, located about one mile northwest and upstream 

of the Plant. Water from the Rio Grande is diverted via the American Canal to the Haskell R. 

Street Waste Water Plant, located about nine miles southeast and downstream of the Plant. 
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The depth-to-water data for wells located adjacent to the Rio Grande (i.e., wells EP-4 through 

EP-7) and in wells located in the historic Smeltertown area (i.e., wells EP-60 through EP-66) 

were compared to the Rio Grande flow data to determine whether a correlation existed. 
Table 2-ll presents the depth-to-water data for 1995 through 1998. Figures 2-13 and 2-14 

graphically illustrate the water level measurements in wells EP-4 through EP-7 and EP-60 

through EP-66, respectively. -- 

Depths to water in wells EP-4 through EP-7, located adjacent to the Rio Grande from about 

the Pump House to the eastern edge of the site boundary, fluctuated in a similar manner. 
Water levels were highest annually in August and lowest during January and February. 

Depths to water ranged from highs of about 4.5 feet to lows of slightly more than 9 feet 

(Figure 2-13). 

Depths to water in wells EP-60 through EP-66, located in the historic Smeltertown area and 

adjacent to the American Canal, exhibited similar fluctuations with the exception of EP-62. 

Well EP-62 exhibited a sharp decrease in water level in September 1995 (Figure 2-14), which 

may be a result of seasonal controls of the Rio Grande. Overall, however, water levels were 

highest annually in August and lowest in January. 

Since the Rio Grande flow volumes are generally highest in summer and lowest in winter, the 
groundwater in the immediate area tends to recharge more during summer and less in winter. 
This correlation is evidenced by the higher water levels in the adjacent wells during August, 

following the higher discharge volumes in the Rio Grande and lower water levels in January 

and February, following a period of decreased discharge volumes in the Rio Grande. 

2.2.11 Trends of Water Quality Parameters and Flow Data in the Rio Grande 
Analytical data from water quality samples collected at sampling locations in the Rio Grande 

at Bowie High Football Stadium and at Courchesne Bridge were reviewed to detemiine 
whether analytical results were related to flow volumes. The general trend of flow rates is 
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presented in Table 2-12. Flow increases in the summer months and decreases during the 
winter. Figures 2-15 and 2-16 present the general data during 1997 for samples collected at 

the Bowie High Football Stadium and Courchesne Bridge locations, respectively. Analytical 

data include dissolved oxygen, pH, biochemical oxygen demand, fecal coliform, chloride, 

TDS, sulfate, electrical conductivity, total hardness, ammonia, turbidity and temperature. 

Overall, the analytical trends between the two sampling locations appear to be similar. One 
notable exception is a sharp increase in the turbidity in September 1997 at both locations, but 

particularly at the Bowie High School location (see Figures 2-15 and 2-16). Concentrationsj 

of most_parameters"appearto increase during January and.Februa1y, which corresponds to] 
periods'iof*lowe‘st flow volumes. §Concentrations are decreased during the summer months, 
which corresponds to a period of highest flow volumes. 

The relationship of decreased concentrations during high flow periods and increased 

concentrations during low flow periods also occurs in the Franklin (American) Canal. 

Sampling points SEP-7, SEP-3 and SEP-1 are located upgradient to downgradient in the 

American Canal adjacent to the Plant. Concentrations of trace arsenic are related to the flow 
rates measured in the American Canal, as shown in Table 2-13. Arsenic concentrations 

decreased during times of high flow rates and increased during times of low flow rates. This 

is likely related to dilution resulting from high flow events. 

2.2.12 Distribution of Constituents of Concern in Process Pond Water and Surface 
Water Bodies 
Constituents of concem designated by the TNRCC for this facility are arsenic, cadmium, 
chromium, copper, iron, lead, selenium and zinc, with parameters of concern being pH, 
specific conductivity and total dissolvedysolids. The federal drinking water standards 

(maximum contaminant levels) for each of these parameters are tabulated in Table 2-14 for 
discussion purposes. Only primary drinking water standards are enforceable. The secondary 
standards and action levels are included for discussion purposes, but are not enforceable 

standards. 
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On-site pond water and surface water was sampled and analyzed for the eleven parameters 

noted above. The analytical results are tabulated in Appendix E. Arsenic was detected above 
its /MCL4of 0.05 mg/l in samples collecied“from‘Pond l, Pond 5, Pond 6, SEP-l/ and SEPP -,3. 
/SEP-Cl and SEP-3 are locateddowngradient in the American Canal,» and only had elevated 
levels of arsenic during the December and February sampling events, indicating that 

concentrations increased during periods of low flow in the Rio Grande. Flow in the 

American Canal during the winter is restricted, which indicates that the water samples 

collected in December and February are not representative of water in the American Canal. It 

is probable that the water sample results are elevated because the metals have been 

concentrated due to evaporation or are related to sediments in the canal bottom. Only the 

samples collected during high flow -events can be considered as representative of the 

American Canal waters. 

Cadmium was detected above the MCI] of 0.005 mg/l in samples collected from Pond l, 

Pond 5, Pond 6, SEP-1 (one sample only collected during February 1998) and SEP-3 (one 
sample only collected during November 1997). 

Chromium was not detected above the detection limit of 0.01 mg/l in the surface water 
samples. The MCL for chromium is 0.1 mg/l. Copper was not detected above the Texas 
action level of 1 mg/l. Iron was detected above the secondary MCL of 0.3 mg/l in one 
sample collected from Pond 6 in December 1997. Lead was detected above the action level 
of 0.015 mg/l in samples collected from Ponds 1, 5 and 6. Only one Rio Grande sample 

(SEP-7) had a detectable occurrence of lead. The May 1998 sample for SEP-7 exhibited a 

lead concentration of 0.004 mg/1, which is at the detection limit. 

\ Selenium was det izted above the MCL of 0.05 mg/l in samples collected from Pond 1, Pond 
5, Pond 6, SEP-1 and SEP-3. The samples from SEP-1 and SEP-3 exhibited elevated 
selenium concentrations during the November and February sampling events. The secondary 
MCL of 5 mg/1 for zinc was exceeded only in samples collected from Pond l. 
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The State of Texas secondary MCL of greater than 7.0 pH was met in all surface water 

samples. The federal upper limit of 8.5 pH was exceeded only in single samples collected 
from Ponds 5 and 6. Total Dissolved Solids were detected above the federal secondary MCL 
of 500 mg/l in all surface water samples. The Texas secondary MCL of 1,000 mg/l for TDS 
was exceeded in all November 1997 samples, some February 1998 samples, and in all of the 
samples collected from Ponds 1 and 6. 

Overall, the surface water samples exhibited higher concentrations during the winter months, 

probably due to evaporation in the ponds and decreased flow (hence less dilution) in the Rio 
Grande. Six constituents of concem were detected at concentrations above federal and/or 
state regu-latorystandardsf arsenic, cadmium, iron, lead, selenium and zinc. ‘ V,Chromium and 

copper were not detected above established regulatory standards. It is probable that the initial 

elevated concentrations of metals in off-site surface water resulted from historical stormwater 

and airbome transport of contaminated materials. 

2.3 GROUNDWATER INVESTIGATION RESULTS 
2.3.1 Local Geology 
As part of the Remedial Investigation, the geology of the facility was assessed. The 
investigation utilized reference materials from Asarco’s engineering department, subsurface 
information gathered during the remedial investigation field work, and data collected during 

previous investigations and remedial activities. The drilling logs were utilized to generate 
cross-sections across the Plant, as located in Figure 2-26. Seven cross-sections were 

developed'(Figures 2-27 through 2-33). Each cross-section illustrates the subsurface geology 
and identifies subsurface features that may be conducive to groundwater migration and 

transport of constituents. Below is a general description of the geologic/hydrogeologic units 
of the plant area as developed from a literature review based on previous work (Hydro- 
Search, 1985) and this study. The geologic units at the facility in order of youngest to oldest 

(generally shallow to deep) are described below. 
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l. Rio Grande Alluvial Aquifer (Smeltertown Area): Consists of reworked colluvial and 

terrace deposits. In the upper 20 feet, composition of the unit is predominately sand, 

silts and clays. This unit is 86 feet thick in El Paso Canyon (Slichter, 1905). 

2. Arroyo Colluvial (Plant Area and East of I-10): The colluvial fill in these arroyos on 
the Plant Site generally consists of well-graded silty sands, gravels, cobbles and 

boulders. Some portions of the unit contain cement of “caliche” calcium carbonate 
(Lovejoy, 1976). Locally, this unit is estimated to be 300-400 feet thick in the canyon 

(Rose, 1953). In the vicinity of the plant, the thickness of this unit is estimated to be 

between 150 feet and 200 feet. ' 

3. Bedrock (Campus Andesite and Areas beneath the Arroyo Colluvial and Rio Grande 
Alluvial Aquifer): The bedrock unit consists of Tertiary andesites (laccolith), 

Cretaceous sandstones, shales, limestones and siltstones. The primary porosity of 
these units is expected to be very low. However, fractures and solution features in 

limestone units may enhance the hydraulic conductivity in zones of heavy faulting or 
in solution zones. 

These geologic units also represent hydrogeological units and may be designated as aquifers 
and/or potential aquifers. 

2.3.2 Local Hydrogeology 
The aquifer located underneath the El Paso Plant is composed primarily of interbedded and 
mixed sand, gravels, boulders and bedrock. Water is derived from the Rio Grande and 
considered separate from the Hueco and Mesilla Bolsons. There are a few locations 

(floodplain of Smeltertown) of finer-grained sediments (e.g., silts and clays). The aquifer is 
considered saline, with a total dissolved solid (TDS) concentration ranging from 3,000 mg/1 
to 10,000 mg/l. 

Groundwater flow direction is from the east-northeast to the west-southwest. As the 

groundwater approaches the Rio Grande, the direction changes to a southerly route which 
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approximates the direction of the Rio Grande at the Plant. Depth to groundwater is 

dependent on location within the Plant. The depth of groundwater at the Plant 40 to 60 feet 
/' 

below ground surface (bgs),idepending on the elevation of the plant above the floodplain (30 
to 50 feet). On the Rio Grande floodplain (Smeltertown), the depth to groundwater is 

approximately 1O”'fee“ t bgs) Aquifer elevations fluctuate in conjunction with the amount of 
water in the Rio Grande and the American Canal. These fluctuations are a result of seasonal 
releases of water from Elephant Butte Dam, near Truth or Consequences, New Mexico, 
which is approximately 100 miles north of El Paso. In the spring, water is released for 

irrigation purposes and, in the fall, water releases are restricted to conserve water over the 

winter months. There is minimal recharge into the aquifers from precipitation. 

Data from 65 monitor wells were used to determine groundwater elevation, water quality and 
hydrogeology of the site. The goals of the groundwater investigation included delineating 
hydrogeologic units, determining groundwater flowpaths and measuring groundwater 

velocities. The results are presented in this section. 

2.3.3 Aquifer Characteristics 

Investigations and data analysis of groundwater data were performed to evaluate: 

0 Groundwater flow direction 

0 Groundwater gradients 

Q Preferential groundwater pathways 

0 Aquifer parameters (conductivity, storativity, transmissivity). 

2.3.4 Groundwater Flow Direction - 

Elevation data was collected from the monitor wells and the surface water sampling locations 
along the American Canal and the Rio Grande quarterly during the first year of monitoring 
under the Agreed Order (August 1997, November l997, February 1998 and May 1998). 
Depths to groundwater ranged from 5.00 feet bgs measured in well EP-4 in~February 1998 to 

.~/ 
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77.95 feet bgs measured in well EM-l in November 1997. Well EP-4 is located near the 

Pump House gauging station and is adjacent to the Rio Grande. Well EM-l is located along 
the eastem edge of the facility. In general, wells located in the floodplain along the Rio 

Grande had shallow depths to groundwater, whereas wells located up the hill at the Plant had 

deeper depths to groundwater. Quarterly groundwater elevation maps are presented in 

Figures 2-34, 2-35, 2-36 and 2-37. Groundwater and surface water level measurement data 

are presented in Appendix F. 

Groundwater contours were relatively similar throughout the first year of monitoring. The 
groundwater contours generally parallel the historic arroyo contours, especially the Acid 

Plant Arroyo. Figure 2-3 presents the historic locations of the arroyos superimposed on the 

current site configuration, based upon the 1891 topographic map for the area (Sergent, 
Hauskins & Beckwith, 1984). The overall groundwater flow direction is from east to west. 
Groundwater flow is controlled by the alluvial fans of the Campus Andesite and the Franklin 
Mountains, as well as by the tilted beds of the laccolith structure of the Campus Andesite. 

Groundwater elevations are influenced by the Rio Grande. Seasonal irrigation releases, and 

corresponding increases and decreases in surface water levels in the Rio Grande, directly 

affect the local groundwater elevations at the Plant (Hydrometrics, 1998). 

2.3.5 Groundwater Gradients 
Hydraulic gradients were calculated, based on the groundwater contour map prepared for 
each quarter (Figures 2-34, 2-35, 2-36, and 2-37). The average gradient across the plant is 
0.013 (foot per foot). The relatively steep gradient in some areas reflects the impact of the 
steeply inclined arroyos and alluvial fans. Table 2-15 presents a summary of hydraulic 
gradients calculated for areas on the site. 

2.3.6 Preferential Groundwater Pathways 
Based on the groundwater gradients indicated by the groundwater elevation maps and on 
results of the analytical sampling, it appears that the preferred pathway for groundwater flow 
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at the site is via the arroyos. Portions of the site, including the arroyos, have been backfilled 

with smelter debris and slag during the history of the Plant to create more surface area for 
plant expansion. Areas with elevated metal concentrations are detected within the buried 

arroyos, as illustrated in Figure 2-38, which presents the arsenic concentrations in surface 

water and groundwater samples collected in May 1998. Of the eight separate areas of 

detectable arsenic concentrations, all can be correlated to historic arroyos. 

2.3.7 Aquifer Testing '

' 

Aquifer tests were performed at various wells at the El Paso Smelter Site and Smeltertown to 

support the Remedial Investigation groundwater study. Data collected as part of the 

Remedial Investigation were used in conjunction with previous data to assess the 

hydrogeology of the Plant (Hydro-Search, 1985). 

In May 1998, aquifer tests were performed to provide additional information about the 
hydrogeology of the El Paso Plant Site. These tests were performed using a low pumping 
rate because slug tests performed during October 1997 indicated that the wells of interest 

were in regions of similar, low hydraulic conductivity. The aquifer tests were perfomied in 
accordance with general aquifer test guidelines outlined in Hydrometrics’ Standard Operating 

Procedure HF-SOP-O8. Listed in Table 2-16 are wells used in aquifer testing, showing test 

date, total well depth, saturated thickness and target aquifer for each well. 

The data for these testing events were collected using In-Situ, Inc.’s Model SP-4000 Troll 
Intelligent Probes and analyzed using Firmware Version 6.01. These models are pressure 

transducers that can be preprogrammed for automatic test starts. During testing, data were 

periodically downloaded from the probe to a notebook computer to determine the quality of 
data from the test, as well as to optimize the time required for the test. 

Once these data were collected and downloaded to a computer using In-Situ’s Win-Situ 

version 2.13, the data were processed using automatic curve-matching software. The two 
types of curve matching software used for this task were Geraghty and Miller, Inc.’s Aqtesolv 
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program version 2.01 (Geraghty and Miller, 1995) and Waterloo Hydrologic, lnc.’s Aquifer 

Test for Windows, version 2.50 (Waterloo Hydrogeologic, Inc., undated). Field data and 

analyses are presented in Appendix H. 

2.3.8 Analysis Of Aquifer Test Data 
Several assumptions were made during the data analysis. Many of the methods used to 
analyze aquifer test data require confined, homogeneous, isotropic aquifers of infinite areal 

extent penetrated by a fully penetrating well. In addition to these general assumptions 

typically used in the analysis of aquifer test data, site-specific conditions were considered. 

The Theis recovery method of aquifer test data analysis was used for most of the test wells 
because, in most cases, the pumping well was also the observation well. When drawdown 
data from a pumping well are used for the analysis of aquifer properties, transmissivity may 
be underestimated because of the increase in drawdown at the pumping well. Therefore, the 

analysis of the recovery test data from the aquifer tests was used as the basis for the 

determination of aquifer properties of the different hydrogeologic units. 

2.3.9 Results Of Aquifer Testing 
The results of these tests confirm and increase the understanding of the hydrogeologic system 
under the Plant. These data are presented in Table 2-17. 

Hydraulic conductivities calculated for the three different hydrogeologic units in the vicinity 

of the Plant are comparable to ranges of conductivities published for these aquifer types. The 
hydraulic conductivity of the Rio Grande Alluvial hydrogeologic unit (6 x l0'3 cm/s) is 

consistent with published ranges of 10'} cm/s to 106 cm/s for silty sands and fine sands 
(Fetter, 1994). The hydraulic conductivities calculated for the Arroyo Colluvial 

hydrogeologic unit ranged from 103 cm/s to 2.5 x 104 cm/s, which includes values lower 

than those calculated for the Rio Grande Alluvial. ' 
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The Arroyo Colluvial hydrogeologic unit is generally not as well-sorted as the Rio Grande 
Alluvial. The higher percentage of fines in the Arroyo Colluvial reduces the hydraulic 

conductivity. 

2.3.10 Groundwater Quality 
Groundwater samples were collected from 68 monitor wells using various techniques and 

equipment. The wells were sampled according to the Remedial Investigation Work Plan, 
Sampling Analysis Plan (Hydrometrics, 1996). All monitor wells were gauged for depth to 

water, product thickness and total depth of the monitor well prior to sampling. The data were 
used to calculate the purge volume (approximately three well volumes). Depending upon 
well conditions, the well was purged using low-flow purging techniques or higher rates of 
purging. Each well was purged using one of the following: a dedicated bailer, a pneumatic 

pump, a 12-volt DC pump or a 2-inch submersible pump. 

During purging of the monitor wells, groundwater parameters were measured using either an 
in-line electronic probe or a separate meter. Parameters measured in the field included pH, 
temperature, specific conductivity, and dissolved oxygen. Groundwater samples were 
collected after the parameters stabilized or upon removal of the full three well volumes. 

Samples were collected in 1000-milliliter and 500-milliliter polyethylene containers. 

Parameters listed under “commons” (see Appendix G) were collected in a one-liter 

polyethylene container with no preservative. Groundwater collected for the analyses of 
nitrates (“nutrients” , Appendix G) were collected using a 500-milliliter container that was 
field-preserved with sulfuric acid. Dissolved metals analytical samples were collected in a 

500-milliliter container, field-filtered using a peristaltic pump and an in-line 0.45-micron 
filter, and preserved using nitric acid. Samples for total recoverable metals were collected at 

the SEP locations along the American Canal and the Rio Grande, each in a one-liter bottle 
preserved using nitric acid. 

All bottles were labeled with the identification number, date, time collected, name of 

H:\FlLES\l 28\O734\RlRE.PORT\lNTDRAF2.DOC.DOC\TUC\ I 0/6/98\065 

2-26



f L7 

sampler, type of preservative used and the analysis to be performed‘ . After the samples were 

containerized, the bottles were placed in an ice-filled.cooler with completed chain-of-custody 

forms and shipped via Federal Express to Asarco’s Technical Services Center in Salt Lake 

City, Utah for analysis. Laboratory analyses performed on groundwater samples collected 

from the monitor wells and surface water locations included the parameters listed below: 

0 pH v Bicarbonate 0 Calcium 
~ Specific Conductivity 0 Carbonate 0 Magnesium 
0 Temperature Q Sulfate Q Sodium 
0 Total Dissolved Solids 0 Chloride Q Potassium 
Q Total Suspended Solids 0 Fluoride 0 Dissolved 

Oxygen 

Parameters of pH, temperature and specific conductivity were measured in the field as well as 

in the laboratory. Dissolved oxygen was measured only in the field. The calculated average 
concentrations for the entire site, based on all groundwater samples, are presented below. 
The average concentrations were calculated using one-half the detection limit for 

nondetectable results. Laboratory reports are presented in Appendix I, and data are 

summarized in tables in Appendix G. 

Summary of Groundwater Concentration Averages (ring/l) 
Specific 

pH Conductivity As Cd Cr Cu Fe Pb Se Zn 
7.6 6,101 7.67 0.64 0.01 0.07 25.51 0.004 0.45 17.61 

mg/l = milligrams per liter. v 

The data were utilized to evaluate potential source areas of metals. High specific 

conductivity results mirrored the locations of elevated values of arsenic. In addition, the data 

were used to evaluate the potential for the three ponds to impact groundwater, to determine 

whether the arroyos exhibited the same groundwater chemistries, and to determine whether 
on-site groundwater chemistry is altering or influencing the waters of the American Canal 
and the Rio Grande. Geochemical data were assessed using a modified method developed by 
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Arthur Piper (Piper, 1944). The Piper method was chosen as the preferred assessment tool 
because it allows for the graphical presentation of a large number of analytical samples on a 

single graph. Major groupings or trends in the analytical data can be discemed based on the 
Piper diagram. For this investigation, a single groundwater analysis from multiple wells 
located in the same buried arroyo was plotted on a single Piper diagram to assess whether 
geochemical similarities were present. The Piper method is based on a multiple trilinear 
diagram that graphically represents groundwater geochemistries. The original Piper method 
has been modified such that the concentration of TDS is not represented on the diagram. 

The Piper diagram represents relative concentrations of major constituents, namely calcium, 
magnesium, sodium and potassium cations, as well as sulfate, chloride, carbonate and 

bicarbonate anions, converted as percentages in milliequivalents per liter. Figures 2-17 

through 2-25 present Piper diagrams for each of the five major arroyos (Parker Brothers, 
Ponds 5 and 6, Pond 1, South Terrace Area, and Acid Plant), plus the Rio Grande and the 
American Canal. 

2.3.11 Groundwater Chemical Comparison (Pond 1 Arroyo) 
Pond 1 is constructed from a dammed arroyo located on the western property boundary and 
on the northern edge of the South Terrace Area. The water in the pond was from the Rio 
Grande and has been utilized for general plant water supply. The chemical data for Pond 1 

and monitor wells EM-2, EM-4, EP-12, EP-13, EP-14, EP-15, EP-29 and EP-43, all located 
within or near the limits of the arroyo, were plotted on a Piper diagram for comparison 
(Figure 2-19). Water collected from Pond 1, and groundwater collected from wells in the 

area, are chemically similar. The water results for Pond 1 plot just outside the monitor well 

data. The differences between the Pond l results and the monitor well data can be attributed 

to evaporation of pond water, which causes increased pH, salinity (i.e., increased potassium 
and sodium concentrations) and generally increased concentrations of common ions. The 
pond geochemistry also has been affected by the addition of water that had accumulated in 
the area of the bedding and unloading plant due to excessive dust suppression and rainfall. 
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2.3.12 Groundwater Chemical Comparison (Ponds 5 and 6 Arroyo) 
Water samples from Ponds 5 and 6, and from monitor wells EM-5, EM-6, EP-26, EP-56 and 
EP-77, were plotted on the same Piper diagram to compare geochemistries (Figure 2-18). All 

samples plot similarly, suggesting a common water source. The ponds are located at the head 
of an arroyo drainage at the plant. As with most arroyos on the plant, this one has been 
dammed twice to construct the ponds, as well as being backfilled with facility debris and 
slag. 

2.3.13 Groundwater Chemical Comparison (South Terrace Area Arroyo) 
The arroyo in this location is approximately in the middle of the South Terrace Area. Prior to 

being filled with slag, the plant entrance was located in this arroyo. Monitor wells EP-20, 
EP-70 and EP-72 were used in assessing groundwater quality in this arroyo. The results of 
the data were plotted on a Piper diagram (Figure 2-20). Based on the plots, it is inferred that 
the groundwater in each of the monitor wells is generated from the same source. 

2.3.14 Groundwater Chemical Comparison (Acid Plant Arroyo) 
The area of the acid plant arroyo extends from the former Zinc Plant operations area to the 
western property boundary. This arroyo has been filled with facility debris and slag. Monitor 
wells EP-21, EP-22, EP-23, EP-25, EP-49, EP-53, EP-54, EP-55, EP-73 and EP-76 were 
used to compare water chemistry. Using a Piper diagram, the results indicate a similar 

groundwater source, with the exception of wells EP-21 and EP-25, and to a lesser degree well 
EP-49 (see Figure 2-21). These three monitor well locations are at the eastem reaches of the 
arroyo (EP-21) in the center of the arroyo east of Acid Plant No. 1 (EP-25) and at the mouth 
of the arroyo near the Acid Plant Mist Precipitator Building (EP-49). Each of these three 
monitor wells exhibit measurable amounts of diesel, which may be affecting groundwater 
geochemistry. 

2.3.15 Groundwater Chemical Comparison (Parker Brothers Arroyo) 
Parker Brothers Arroyo is the westem confluence of two other arroyos that extend from the 
flank of the Franklin Mountains. Monitor wells EP-78, EP-81, EP-82, EP-83 and EP-85 
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were plotted on the same Piper diagram (Figure 2-17). The geochemistries of wells EP-78, 
EP—82, EP-83 and EP-85 are relatively similar; however, well EP-81 data are somewhat 
different from those of the rest of the samples. Well EP-81 contains the most carbonate- 

bicarbonate type groundwater of the group. Well EP-81 is located downgradient of the other 

wells and is primarily at the confluence of the Arroyo and sediments of the Rio Grande 

floodplain. 

2.3.16 Distribution of Constituents of Concern in Groundwater 
Constituents of concern designated by the TNRCC for this facility are arsenic, cadmium, 
chromium, copper, iron, lead, selenium, zinc, pH, specific conductivity and total dissolved 

solids. The federal and state drinking water standards (maximum contaminant levels) for 
each of these parameters are presented in Table 2-14 for discussion purposes./’ These 

standards-do*not apply"directly torhe Plant, ’because none of the groundwater at the site is 
used for drinking water. 

/7) 

The federal standards for arsenic, cadmium, lead (action level) and selenium were exceeded 
in one or more groundwater samples collected at the facility during the first year of 

monitoring. The analytical results are tabulated in Appendix G. The May 1998 groundwater 
data for arsenic, cadmium, lead and selenium are presented in Figures 2-38 through 2-41. 

Detectable concentrations of arsenic occurred in 59 groundwater samples and 8 surface water 

samples collected during the most recent quarterly sampling event, conducted in May 1998 
(see Appendices E and G). Arsenic occurred at concentrations above its respective MCL of 
0.05 mg/l in an arroyo located in the northeastern portion of the site (well EP-84), plus over 

most of the western half of the facility, including Smeltertown. Arsenic occurred at levels 

above 5 mg/1 in six isolated areas, as shown on Figure 2-38. These areas include an area 

located downgradient of the closed depression 14 (well EP-76); near the Boneyard/Slag 

(Wells EP-53 and EP-75); near Acid Plant 2 (wells EP-55, EP-54 and EP-49); downgradient 

of Ponds 5 and 6 (well EP-77); on the southwestem edge of Smeltertown (well EP-66); and 

north of Pond 1 (EP-13). - 
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Detectable concentrations of cadmium occurred in four surface water samples and sixteen 
groundwater samples collected during the May 1998 sampling event. Analytical results are 

presented in Appendices E and G, respectively. Cadmium was detected above its MCL of 
0.005 mg/l over a less extensive area than arsenic, but occurred in the arroyo upgradient of 

the Parker Brothers Arroyo, and in unconnected areas in the westem half of the facility. 

Cadmium was detected above 0.5 mg/l in six separate areas: the vicinity of the 

Boneyard/Slag (well EP-53); Acid Plant l (well EP-54); south of Acid Plant l (wells EP-52 

and EP-51); west of the former Lead Plant (well EP-26); north of Pond 1 (well EP-13); and in 

Pond 1 (Pond l surface water sample). The cadmium results are presented in Figure 2-39. 

Detectable concentrations of lead occurred in three surface water samples and ten 

groundwater wells during the May 1998 sampling event (Figure 2-40). Analytical results are 

presented in Appendices E and G, respectively. Lead was detected above the federal action 
level of 0.015 mg/l in six separate areas at the facility, including Ponds 1, 5, and 6;. Acid 

Plant 1 (well EP-49); south of Acid Plant l (well EP-52); and west of the former Lead Plant 

(well EP-26). The lead occurrence is less extensive than either arsenic or cadmium. 

Detectable concentrations of selenium occurred in three surface water samples and 52 

groundwater wells during the May 1998 sampling event (Figure 2-41). Analytical results are 

presented in Appendices C and E, respectively. Selenium was detected above its MCL of 
0.05 mg/l over most of the facility, except in the northem portion. Selenium was detected 
above 0.5 mg/l in six areas of the site, including north of the Boneyard/Slag (wells EP-53 and 

EP-75); at Acid Plant 2 (well EP-73); in Smeltertown (well EP-64); near the former Sinter 

Plant (well EP-74); north of Pond 1 (well EP-13) and at Pond l (Pond l surface water and 

wens EP-12 and EP-35). 

No other constituents of concem exceeded their respective MCLs, with the following 

exceptions: 
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One sample collected from well EP-49 in November 1997 exceeded the MCL for 
chromium. 

Q The same sample collected from well EP-49 exceeded the Federal Action and Texas 
secondary MCL for copper. Another single sample collected from well EP-51 in 

February 1998 exceeded the MCL for copper. 
Q The secondary MCL for iron (0.3 mg/1) was exceeded in samples collected from wells 

EM-5, EM-7, EP—2l, EP-23, EP—24, EP-25, EP-29, EP-4, EP-43, EP-49, EP-5, EP-51, 
EP-52, EP-54, EP-55, EP-57, EP-58, EP-60, EP-61, EP-7, and EP-75. 

v The secondary MCL for zinc (5 mg/l) was exceeded in samples collected from wells 
EP-49, EP-51, EP—54, and EP-55. 

All laboratory results for pH were higher than 7, the Texas secondary MCL for pH. 
The only samples outside the pH range of 6.5 to 8.5 (federal secondary MCL) were 
those samples collected from well EP-49. 

All wells exhibited TDS concentrations above both the federal and state secondary 
MCL, with the exception of well EP-87. 

2.4 INTERACTIONS BETWEEN ON-SITE PONDS, SURFACE WATER BODIES 
AND;-GROUNDWATER ) 

\ > 

Data gathered from two surface water bodies in the vicinity of the Plant (the Rio Grande and 

the American Canal) and the on-site ponds were considered in assessing the potential impact 
of surface water on groundwater. Information gathered during the Remedial Investigation 

indicates that theprocessi pond water and groundwater are interconnected.;‘ The surface water? 
- J \ J 

bodies in the vicinity of the Plant (i.e.; the American Canal and the Rio Grande) affect 
'g/roundwater. - 

2.4.1 Impact of Process Ponds on Groundwater 
Groundwater in the'“vi‘cinity of the process ponds appears to be impacted by elevated metal 

concentrations related wine process p’ond“ water.- 
g, 
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2.4.2 Impacts from Plant Runoff 
Surface runoff from the sump located near the Plant entrance may move off-site to the 

American Canal, however, this potential source will be controlled by the proposed 

stormwater improvements project scheduled to start in late 1998. 

2.4.3 Impacts of Affected Groundwater on the American Canal and Rio Grande 
Groundwater containing elevated metal concentrations is moving towards the American 
Canal and the Rio Grande. Groundwater gradients are generally rather flat in the floodplain 

around the Rio Grande (i.e., historic Smeltertown) as shown in Figures 2-34 through 2-37, 
but surface water elevations are slightly higher than groundwater elevations, indicating that 

the Rio Grande might have recharged the groundwater system at the time the water level data 
were collected. Farther downstream, however, the surface water elevations are slightly lower 

than groundwater elevations, suggesting that groundwater may recharge the surface water 
system. Further evidence of interconnection between the surface water and groundwater 

systems are the seasonal fluctuations exhibited by both the Rio Grande and adjacent 

groundwater wells. Wells in the fonner Smeltertown area fluctuated with the Rio Grande, 
which has increased flows during the summer due to upstream releases. 

2.5 GROUNDWATER FATE AND TRANSPORT MODEL 
The fate of trace elements in soils depends upon soil chemical and physical properties, and 
especially on element speciation. Soil processes include dissolution, sorption, complexation, 

migration, precipitation, occlusion, diffusion into minerals, binding by organic substances, 
absorption and sorption by rnicrobiota, and volatilization. The most important factors 

governing the soil processes are soil pH and redox potential (Kabata-Pendias and Pendias, 
1992). 

Trace elements may be transported long distances aerially, making it difficult to estimate 

natural background concentrations. For the purposes of site characterization and remedial 

investigation, on-site concentrations are considered to be related to smelter operations. 
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Contributions from off-site sources, including industrial facilities in Mexico, are unknown. 

Pathways for trace metal exposure at the Plant and the surrounding area are (l) through the 

air as dust and (2) in surface and subsurface water. Biological mobilization and 

immobilization will not be a factor, because little vegetation exists at the site and human 
intake is minimized via implemented health and safety procedures. Elemental metals will not 

be broken down in the environment, but can be changed from one form to another. Species 

transformation will be controlled by soil binding sites, pH, and concentrations of complexing 

anions and competing cations. Low pH values generally increase mobilization of metals, 
whereas neutral or moderately basic pH values generally immobilize metals through 

processes such as sorption to solid surfaces and increased precipitation (decreased solubility). 

Qne important exception to this generalization is arsenic,"which isimore mobile in a high pH‘
, 

���� 

environment. ‘ Arsenic is also sensitive to redox conditions and will be more mobile in a,/ 

reducing environment. 

Metals may be present in water as free ions or complex ions, and both forms will be 

transported with groundwater flow. The actual rate of transport is dependent upon local 

conditions such as confining layers, recharge and discharge, and potential for binding sites. 

2.5.1 Purpose and Scope 
The purpose of the groundwater fate and transport model is to estimate the migration of 

metals from the Plant to the American Canal and the Rio Grande. Source area removal 

scenarios are also evaluated using fate and transport models. 

Four metals (arsenic, cadmium, lead, and selenium) were considered for this modeling effort. 
Based on the results of the soil and groundwater sampling conducted during the Remedial 

Investigation, only arsenic and selenium appear to be located along pathways that may affect 
off-site surface water bodies. Arsenic concentrations are elevated in soils and groundwater in 

some areas, and there appear to be several locations at which elevated concentrations occur 
downgradient of contaminant source areas near surface water bodies (i.e., the American 

Canal and the Rio Grande). Selenium also occurs in groundwater associated with adjacent 
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contaminant source areas, but downgradient surface water bodies indicated limited 

occurrences of elevated selenium. Current data suggest that cadmium and lead are relatively 
immobile in this groundwater system, and that there is no significant migration of these 

metals at the site at this time. As a consequence of the limited impact of selenium and the 
immobility of cadmium and lead, arsenic is the chemical constituent modeled for this 

investigation. 

Two arsenic source areas have been selected for modeling based on the availability of 

calibration data, and to provide typical migration scenarios in the vicinity of the Plant. 

Potential impacts to surface water resources (the Rio Grande and the American Canal) have 

been estimated for two preliminary source areas identified during the Remedial Investigation. 

These assumptions are described below in the discussion of the conceptual models. The two 
source areas modeled are as follows: 

¢ Source Area 1 - Acid Plant Area, specifically the Acid Plant Mist Precipitator 

0 Source Area 2 - Ponds 5 and 6 Arroyo. 

Using conservative assumptions for permeability and the partition coefficient, the models are 

used to predict arsenic migration potential. 

2.5.2 Conceptual Models 
Using the data presented in this Remedial Investigation, an evaluation of potential pathways, 

mechanisms controlling potential migration from source areas along these pathways, and the 

effects of impacted groundwater on the American Canal and the Rio Grande was performed. 
The conceptual models are based on the data and information gathered during the first year of 
monitoring for the Remedial Investigation (August 1997 through May 1998). In many cases, 
only one data point (in the case of soil sampling) or one year of monitoring data exists for the 

parameters of interest. Also, in many cases historic events in source areas have not been 
documented. There may be other data, including processes that may contribute to the current 
distribution of parameters at the Plant, not addressed by the model. 

H :\FlLES\l 28\0734\R lREPOR'l\lNTDRAF2. DOC .DOC\TUC\ l 0/ 6/98\065 
.

' 

2-35



The surface water receptors located downgradient from on-site source areas have been 

identified as the American Canal and the Rio Grande. Flow data for the American Canal and 
the Rio Grande indicate that these waters are regulated by upstream reservoirs. Flow in the 
American Canal and the Rio Grande is reduced annually from the second week in September 
to the third week in March. There is immeasurable flow from some of the weep holes along 
the American Canal for approximately one month after flow is shut off, but no measurable 
groundwater discharge occurs at any time during this period of the year based upon one year 
of field observations. In addition, groundwater elevations appear to beat or below the 
bottom of the canal during the low flow period (see Cross-Sections B-B’ , C-C’ , D-D’ and E- 
E’; and Figures 2-28, 2-29, 2-30 and 2-31, respectively). During high flows in the American 
Canal, the water elevation in the canal is approximately eight feet above the bottom of the 

canal. The intersection of groundwater with the bottom of the American Canal occurs at 
monitor well EP-66 (May through October). The difference between groundwater and 
surface water elevations near the canal prevents any groundwater flow from entering the 
canal during high flows. Because there is no measured discharge of groundwater to the canal 
during low flows and a negative gradient between the groundwater and the canal during high 
flows, groundwater cannot impact the American Canal at the. Plant. Consequently, the Rio 

Grande is the only potential surface water receptor of groundwater downgradient of the 

source areas at the Plant. 

The methodology used to develop the conceptual models for the analytical fate and transport 
models involved several steps. Data gathered for this RI was reviewed along with historical 
data and anecdotal evidence of plant operations, practices and site uses to determine potential 

source areas. Arsenic was selected for modeling because of its pervasive nature at the site 
and its mobility. The next phase of the approach was to determine pathways from source 
areas to surface water receptors off site using potentiometric surface maps and water quality 
data from wells downgradient of source areas. Finally, arsenic loading analysis was 
performed to evaluate potential groundwater impacts to surface water receptors. 
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Based on the screening criteria listed above, two arsenic source areas were selected: the Acid 

Plant Area and Ponds 5 and 6. Conceptual models based on these source areas are discussed 

in the following sections. 

2.5.2.1 Conceptual Model 1: Acid Plant Area (Acid Plant Mist Precipitator) to Rio 
Grande (SEP-10) 

The first arsenic migration model pathway is from the Acid Plant Mist Precipitator Building 

westward towards the Rio Grande (Figure 2-42). Soil arsenic concentrations in the vicinity 

of the Acid Plant Mist Precipitator Building are some of the highest on the site and are 

greater than 5,000 mg/kg at many locations. The Acid Plant Mist Precipitator Building has 

been located at the Plant since approximately 1974. In 1995 there were two documented 

releases of acid water containing elevated concentrations of arsenic and other metals 

(Hydrometrics, 1997). Asarco personnel have estimated the volume of water released to be 

between 50 and 100 gallons. Based on this information, the arsenic concentrationin this 

water is assumed to be elevated. 

Arsenic in groundwater downgradient of the Acid Plant Mist Precipitator Building is likely 

derived from one or more sources of arsenic at this location via chemical transport 

mechanism. The first source of arsenic for this area is ambient soil, which in some locations 
is extremely high in arsenic. In addition to the arsenic in this acid water, the acid itself 

lowers the pH of the water in the unsaturated zone and mobilizes additional arsenic from the 
soil and slag. Accidental acid releases to the air can also influence transport if there is a 

connection between the ground surface and the unsaturated zone. The extent of this 

connection in the source area is not believed to be significant because most of the area is 

paved or is covered by buildings. However, there may be discrete conduits for migration 
consisting of cracks in pavement, uncovered topographic lows, unsealed stormwater drains, 

and leaking seals in and around building foundations. 

Three downgradient wells from the source area that were used to calibrate the model: Wells 

EP-49, EP-58 and EP-64 (see Exhibit 1). One year (four sampling events) of chemical data 
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at these sites was used. It is unclear whether chemical concentrations are currently increasing 

or decreasing at the wells. Thus, data for these wells was averaged for the period of record 

and assumed to be increasing as a source input for the modeling effort. This creates the 

framework for a conservative model for the current contaminant conditions. Finally, the 

downgradient surface water receptor site is SEP-l0, located on the Rio Grande (see Figure 2- 

3). This modeled area does not include arsenic concentrations from EP-62. EP-62 was 
excluded due to its increase in arsenic concentration rather than the general decrease in 

concentration from EP-49. 
' 9 

The initial starting conditions for Source Area l were gathered from the data collected for the 

Remedial Investigation. Aquifer characteristics are presented in Section 2.3. Source area and 

pathway geometry is taken from Figure 2-42, and arsenic loads were initially calculated from 

the source area concentrations at the nearest downgradient well. These calculations are 

presented in Appendix K. A summary of model parameters is in Table 2-l8. 

2.5.2.2 Conceptual Model 2: Ponds 5 & 6 to EP-66 to the American Canal (SEP-1) and 
Rio Grande (SEP-11) 

The second source area used for this simulation extends from Pond 6 to Pond 5, then 

continues downgradient to the Rio Grande near SEP-ll (Figure 2-42). Ponds 5 and 6 have 

been in place since the l9lOs; Pond 6 is located upgradient from Pond 5. Pond 5 has been 
used to store fresh water, and Pond 6 is part of the process water circuit. Water from Pond 6 

is also being used for anode cooling. Average arsenic concentrations in these ponds from 

data collected for this remedial investigation are 0.11 mg/l for Pond 5 and 2.25 mg/1 for Pond 
6 (see Section 2.0). These concentrations are assumed to be conservative for the period of 

pond operation. Both ponds are unlined and are assumed to have communication with 

groundwater. The arsenic load from the ponds to groundwater was estimated from the 

arsenic concentrations in groundwater at wells immediately downgradient of the ponds. 

Three downgradient wells (EM-5, EP-77, and EP-90) were used to calibrate this model. Data 

for these wells were averaged for the period of record and assumed to be increasing for initial 
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source input of the modeling effort. The potential downgradient surface water receptor used 
in the model is SEP-l 1, located on the Rio Grande just downgradient of the source area site 

(see Figure 2-42). 

The initial conditions for conceptual model 2 were delineated from data collected for the 
Remedial Investigation. Aquifer characteristics are presented in Section 2.3; source area and 

migration pathway geometry is taken from Figure 2-42; and arsenic loads were initially 

calculated from the source area concentrations at the nearest downgradient well. These 

calculations are presented in Appendix K. A summary of these initial parameters is presented 
in Table 2-19. 

2.5.3 Methods . 

Modeling was conducted using the computer program PLUME2D, Version 4.06. PLUME2D 
is an analytical model that simulates two-dimensional solute transport in a uniform flow field 
based on a solution of the general advection dispersion equation developed by Wilson and 

Miller (1978). Model documentation and supporting references are provided in Appendix K. 
Contaminant loading can be simulated in the model using up to twenty point sources. The 
model has provisions to account for geochemical retardation, dispersivity and decay. Model 
input parameters include average groundwater seepage velocity, aquifer thickness, porosity, 

longitudinal and lateral dispersivity, retardation factor, decay rate, and loading rates at 

individual point sources. 

Initial conditions and generalized contaminant migration pathway geometry was set up in 

PLUME2D for each of the source areas of interest. These starting conditions were then 

adjusted so that the model estimated current conditions at the site. 

The parameters needed to construct an analytical transport solution were either estimated 
from site data collected to support the remedial investigation or estimated from published 

tables of data from sites having similar characteristics during model calibration. All 

parameters used were conservatively selected. " 

H :\FlLES\ l 28\0734\R[REPOR'l\lNTDRAF2. DOC.DOC\TUC\ l 0/6/98\O65 
' 2-39



Another program, PLUME, (based on analytical solution presented in Wilson and Miller, 
l978) was used to remove the source loading to evaluate the effects of source control 

scenarios at the site. This model was first tested with the model calibration data from Source 
Area 1 to insure that it provided the same results as PLUMEZD. It was then used to evaluate 
these scenarios (see Appendix K for comparison plots and output files). Source removal 

scenarios were evaluated at the time of maximum concentration at the downgradient surface 
water bodies. This analytical computer model estimated the time of migration from point 

source to the Rio Grande. A model was also performed to estimate the distribution of arsenic 
from the point source area to the surface water location. All model output files, calibration 
plots and future scenarios are presented in Appendix K. 

Some sensitivity analysis was conducted to evaluate the effect of parameter uncertainty on 
the model predictions. When varied individually, model results were found to be most 
sensitive to the retardation factor and source terms. In general, increases in retardation 

require a corresponding increase in the loading rate in order to produce a reasonable 

agreement with present arsenic concentrations in groundwater. Increasing the retardation 

coefficient results in longer arrival times at downgradient surface water receptors and reduces 

peak arsenic concentrations. With increasing retardation factors, geochemical fixation can 
become a significant factor on predicted arsenic concentrations due to the large travel times. 

2.5.4 Assumptions 
The assumptions required by the model code to estimate this analytical model (for horizontal 
integration) are: 

v The porous medium is homogeneous and isotropic with respect to its hydraulic and 
transport characteristics. . 

¢ The aquifer is infinite in areal extent. 

Q One-dimensional steady state uniform regional flow in x-direction (i.e., groundwater 
recharge rates and discharge from pollution source do not influence flow field). 
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0 Pollutants are distributed instantaneously over the entire aquifer thickness beneath the 

source. 

0 Injection rate is continuous and constant (may be modified by superposition). 

Q Fluid density and viscosity of the source and the aquifer are identical and constant in 

time and space. 

v There is no solute advection or dispersion across lateral boundaries (e.g., into or out 
of confining layers). 

In addition to these model assumptions, it was assumed that current source area 

concentrations and loads are greater than or equal to historic values. This assumption 

produces a conservative or worst case scenario model by assuming that concentrations are 
increasing over time (versus being at steady state or decreasing). In addition, decay. was not 
used in these models because there is no physical decay of arsenic. There may be, however, 
attenuation and precipitation of arsenic compounds as the water chemistry along the 

flowpaths changes. The effects of these processes on arsenic mobility at the Plant were not 
taken into account in these models. 

The model predictions assume that 100 percent of the arsenic in source area soils will 
eventually reach the Rio Grande. This happens because the geochemical attenuation in the 

aquifer is assumed to be 100 percent reversible (i.e., arsenic is only retarded, not removed 
from the system). Actual arsenic loading to the Rio Grande would be lower than these model 
predictions, however, since only a fraction of the total arsenic in source area soils is 

potentially leachable. Attenuation of arsenic in soils or aquifer material would result in a 

proportional decrease in predicted arsenic loads at the Rio Grande. 

Finally, these migration pathways were modeled with the assumption that there were only 
single discrete sources. There may be additional sources along these flowpaths, however, due 
to all of the human activity and the infrastructure at the Plant, as well as broad distribution of 
arsenic in soils over the Plant. 
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2.5.5 Calibration Results 

The models were calibrated using conservative adjustments in source loading rate and source 
geometry. Aquifer characteristics and porosity were not adjusted from values measured in 
the field. The retardation factor was initially calculated from a partition coefficient (Kd) 
median of soil versus groundwater arsenic concentrations (10 I/kg, Table K-2 in Appendix 
K); There are very few areas where soil samples were collected below the water table and, 
with the exception of Monitor Well EP-77, none of these samples is located in areas that 
were modeled. The large initial retardation factor did not allow for arsenic to migrate in high 
enough concentrations for the limited period of time that correlates with historic source data. 
Subsequently, the partition coefficient was reduced to the minimum value of about 4‘ 1/kg, 
reducing the retardation factor by approximately one half. Other parameters were more 
conservative in order to calibrate the models to observed data. 

Model calibration appears to be very sensitive to the location and load applied at point 

sources. Model calibration may be feasible at higher retardation factors or lower source loads 
if the source area is shifted downgradient. Further refinement of model parameters would 
require additional source area verification. The sensitivity of model predictions to the 

uncertainty of input parameters was previously discussed in Section 2.5.3. 

Dispersion coefficients that are not aquifer constants are a function of the heterogeneity of the 

aquifer, stratification, fractures or joints, or other nonuniform characteristics along flowpaths. 
The term that combines these effects on the transport of molecules over distance with time is 
dispersivity (D). Because the factors that cause dispersion are more pronounced over greater 
distances, the value of dispersivity increases with the distance that the molecule travels; 

hence, it is scale-dependent. The relatively high values for dispersivity create a larger, but 
less concentrated plume, which generally corresponds to what is understood about arsenic at 
the Plant Site (assuming limited, concentrated source areas rather than diffuse source 

regions). Other variations to the initial model input parameters are discussed individually in 
the respective model sections. 
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2.5.5.1 Conceptual Model 1 

The analytical model for Source Area l was developed from the initial input parameters that 

were refined to approximate current conditions at the site. In order to allow the model to 

estimate current arsenic conditions, the source loading rate was quadrupled from the initial 

value of two pounds per day to eight pounds per day. The source area geometry was 

modified slightly from four inputs to two, and the dispersivities established for this model 
were used for the entire Plant area. The calibration parameters are presented in Table 2-20. 

2.5.5.2 Conceptual Model 2 

The model calibration consisted of adjusting the source loading rate at Pond 6 two hundred 

percent and increasing the apparent loading due to Pond 5 by two orders of magnitude. 

Dispersivity values remained constant. The calibration parameters are presented in Table 
2-21. 

2.5.6 Water Chemistry along Pathways . 

Average concentrations of selected water quality parameters are shown in Table 2-22 for 
groundwater in the areas upgradient, within, and downgradient of presumed source areas on 

the Plant. Also shown in Table 2-22 are average concentrations for Ponds 5 and 6. Major 

ion compositions of the sites shown in Table 2-22 are summarized on the Piper diagrams for 
Source Areas 1 and 2 (Figure 2-43). 

2.5.6.1 Source Area 1 

Water quality upgradient of the Acid Plant Mist Precipitator source area (well EP-21) is 

characterized by a slightly basic pH, low concentrations of arsenic, iron and other metals, and 

a major ion chemistry dominated by sodium and bicarbonate. As groundwater moves into the 
region near the Acid Plant Mist Precipitator, both pH and bicarbonate concentrations 

decrease, while metals and arsenic concentrations increase. The addition of calcium and 

sulfate to groundwater is also apparent. Downgradient of the Acid Plant Area, arsenic, iron, 

and other metal concentrations decrease rapidly to concentrations similar to the upgradient 
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values (Figure 2-44). Bicarbonate and sodium concentrations increase, while other major ion 

concentrations (i.e., sulfate, chloride, calcium) remain similar to concentrations observed near 

the Acid Plant. Water quality trends with distance upgradient and downgradient of Source 
Area 1 are shown in Figure 2-44. 

The water chemistry data suggest a significant influx of acidic, metals- and arsenic-bearing 
water in the region near the Acid Plant Mist Precipitator, causing a decrease in pl-I, a decrease 
in bicarbonate as alkalinity in groundwater is consumed by added acids, and an increase in 
metals and sulfate concentrations. Calcium concentrations also increase, perhaps as a result 
of acid-related dissolution of calcite cements within the aquifer matrix.

4 

As groundwater 
continues downgradient, pH increases, as does bicarbonate concentration. This neutralization 
process may have several sources: 

1) Sodium carbonate (soda ash) is used to neutralize acids in the Acid Plant process 

loop; residual amounts of this substance could be introduced to groundwater through 

spills or interaction of precipitation with sodium carbonate in area soils. 

2) Further dissolution of carbonate minerals in the subsurface. 

As pH increases, metals become less soluble and rapidly precipitate out or adsorb to aquifer 
materials. The coincident decrease of iron and arsenic concentrations suggests that, as iron 
oxides and hydroxides precipitate, they coprecipitate or adsorb arsenic, thereby removing 
arsenic from solution and resulting in a pronounced decrease in arsenic concentrations 

downgradient of the source area. Average arsenic concentrations decreased from 315 mg/l at 
EP-49 to 3.7 mg/1 at EP-58, about 300 feet downgradient. Similarly, iron concentrations 

decreased from 1,907 mg/l to 1.37 mg/l. Both parameters continue to decrease farther 

downgradient. 

Adsorption/coprecipitation with ferric oxides and hydroxides has been observed to be an 

effective removal mechanism for arsenic in many subsurface environments. Data suggest 

that this process is occurring downgradient of the Acid Plant Mist Precipitator source area, 
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mitigating the migration of arsenic. However, the process of geochemical removal from 

groundwater is difficult to model successfully in groundwater transport models; the 

groundwater model used for Source Area 1 does not include a factor to account for 

irreversible removal of arsenic from groundwater (modeled as decay). Thus, the model 

assumptions are conservative, as some arsenic load may be unavailable to groundwater after 
removal as a ferric hydroxide coprecipitate. 

2.5.6.2 Source Area 2 ' 

Water quality upgradient of Ponds 5 and 6 is dominated by sodium and sulfate, with low but 

detectable concentrations of iron, arsenic and zinc. Groundwater pH in this region is basic 
(average of 8.03 at well EP-88). As water moves downgradient, past Ponds 5 and 6, pH 
decreases slightly to 7.31 at EP-90, and arsenic concentrations increase near Pond 6 (1.65 
mg/l at EM-5), and increase again near Pond 5 (5.68 mg/l at EP-77), before decreasing 

downgradient at EP-90 (0.167 mg/l). The major ion chemistry of upgradient and 

downgradient groundwater, as well as pond water, is somewhat similar (Figure 2-43), and the 

influence of pond water on groundwater is apparent: Pond 6 water quality resembles that in 

well EM-5 very closely; well EP-77 water quality is intermediate between Ponds 6 and 5; and 
well EP-90 water quality resembles that of Pond 5 closely. 

Groundwater chemistry in the Source Area 2 flowpath differs from that in Source Area 1 in 

that no highly acidic inputs are apparent; pH remains relatively constant, although it 

decreases slightly from upgradient to downgradient. Water quality trends along the flowpath 
are shown on Figure 2-45. Sodium concentrations consistently decrease, perhaps reflecting 
inputs from pond water, which appears to be more dilute than groundwater. Water sources 

for Pond 5 historically have been city drinking water, while Pond 6 is process water, 

primarily from the Anode Cooling Area. ‘Arsenic and iron concentrations show a similar 
relationship to that observed in Source Area 1, although concentrations are much lower in 
Source Area 2. Both parameters increase near source areas, then decrease downgradient. 

Therefore, similar attenuation mechanisms may be responsible for arsenic removal along this 
flowpath (i.e., coprecipitation with or adsorption on iron oxides/hydroxides). However, the 
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process may be slightly less efficient due to the lower concentrations of iron, and the lack of a 

marked change in pH to promote rapid precipitation of iron. In Source Area I, arsenic 

concentrations decrease about two orders of magnitude over a distance of about 300 feet (EP- 
49 to EP-58). In Source Area 2, arsenic concentrations decrease about 30 times over a 

distance of 500 feet (EP~77 to EP-90). Nevertheless, this amounts to a 97 percent decrease in 
arsenic downgradient of Source Area 2. 

The presence of higher average arsenic concentrations in groundwater in Source Area 2 

relative to the presumed sources (Ponds 5 and 6) suggests. The pond water is the primary 
source of arsenic to groundwater, and concentrations in the ponds vary over a wider range 
than observed during the Remedial Investigation data collection period. Pond sediments or 
contaminated soils beneath or around the ponds may contribute arsenic to groundwater 

through infiltration of leaking pond water or precipitation. 

2.5.7 Future Scenarios ' 

After the models were calibrated to current conditions at each site, they were rerun using the 
time when the maximum concentration would reach the Rio Grande. Time varied from 280 
years for Source Area 1 to 540 years for Source Area 2. Concentrations and loads in 

groundwater due to these two sources were then calculated, as well as the respective 

concentrations and loading in the Rio Grande from the two source areas. The resultant 
concentrations and loads in the Rio Grande were then compared to the condition if no action 
were taken to mitigate the effects of the source area loading. The results are discussed below 
and summarized in Table 2-22. 

2.5.7.1 Source Area 1 

The conservative groundwater fate and transport model predicts a maximum concentration of 
7 mg/l at the Rio Grande from Source Area 1 based upon a release in I980 and 280 years of 
contaminant migration, corresponding to a calendar date of 2260. The calculated 

concentrations over the length of the migration pathway and the resultant load at this date are 
presented in Table 2-23. Arsenic concentrations of 0.019 mg/l and load of 0.146 kg/day are 
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estimated in the Rio Grande if sources are controlled, and arsenic concentrations and load of 
0.087 mg/1 and 0.678 kg/day, respectively, are estimated without source control. 

Calculations for these values are presented in Appendix K. Concentrations and loads are 

approximately three times higher than current concentrations and loads in the Rio Grande. If 

there is no source mitigation, the model predicts concentrations and loads in the Rio Grande 
about 15 times higher than current conditions after 280 years. 

2.5.7.2 Source Area 2 

Source Area 2 modeling predicts a maximum concentration of 0.44 mg/l based upon a release 
in 1930 and 540 years of source loading. This arrival time corresponds to a date of 2470. 

The calculated concentrations over the length of the migration pathway and the resultant load 
at this date are presented in table 2-23. Arsenic concentrations of 0.0066 mg/1 and a load of 

0.052 kg/day are estimated if the source is controlled, and arsenic concentrations and loads of 

0.0075 mg/l and 0.058 kg/day, respectively, are estimated if there is no source“ control. 
Calculations are presented in Appendix K. These values increase the arsenic concentration 

and load by approximately 10 percent. These values would be about 25 percent higher with 
no source remediation. 5

' 

2.5.8 Sensitivity Considerations 

The aforementioned results show that, for the conservative nature of the modeling 

assumptions, there may be a quantifiable impact on the Rio Grande from the area surrounding 
the Acid Plant Mist Precipitator Building. This conclusion must be qualified, however, 
considering the amount and type of available data and the present understanding of the water 
chemistry along the groundwater pathway from these sources. Foremost, it is important to 

consider the limited information on arsenic migration at this site. The conclusions are based 
on only one year’s worth of data, which simply provide a “snapshot” of arsenic 

concentrations in time; available data are inadequate to determine whether these 

concentrations are at steady state, are decreasing over time or increasing over time. The 
analytical model results were very conservative by design and, consequently, predict impacts 
on the Rio Grande. 
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When the water chemistry data along the described pathways are taken into account, it is 

apparent that several of the assumptions used to calibrate the model are overstated. For 

example, the data indicate that arsenic mobility from Source Area 1 is greatly affected by the 

change in pH or the neutralization of groundwater and the accompanying precipitation of 
ferric oxides downgradient from the source. The efficient removal of arsenic from 
groundwater along the pathway from Source Area 1 through adsorption and/or 

coprecipitation with iron oxides is not taken into account in the model. Therefore, the 

analytical model for the source area does not accurately reflect the behavior of arsenic along 
this pathway and may overestimate any surface water impacts. 

The water chemistry along the pathway from Source Area 2 is slightly different. There 

appears to be some attenuation of arsenic in groundwater by aquifer materials and/or iron 
precipitation, but not to the extent observed for Source Area 1. Concentrations of iron and 
arsenic in Source Area 2 are much lower than in Source Area 1. However, the model 
suggests that, given a relatively low concentration but continuous source of metals to 

groundwater from the ponds or adjacent soils, there is potential for future impacts to surface 
water‘ from Source Area 2. . 
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3.0 RELATIONSHIP BETWEEN SMELTER OPERATIONS AND POTENTIAL 
SOURCE AREAS AND MATERIALS 

This section of the report provides an expanded description of materials associated with 

Investigation Areas and other potential source areas identified as a result of the remedial 

investigation. Current smelter operations, historical records, site reconnaissance, soil and 

groundwater analytical data were evaluated to characterize potential source areas and 

materials, to identify release mechanisms, and to better understand the transport and exposure 

pathways associated with these materials. Information presented in this section of the report 

provides the basis for developing Corrective Action Objectives, Corrective Action 

Alternatives and Corrective Action Measures presented in Section 4.0. 

Materials associated with potential source areas are separated into three source material 

categories based on metal concentrations, distribution and volume of materials, visual 

characteristics, impacts to water resources, and degree of potential toxicity. A material 
category scheme is useful in the evaluation of Corrective Action Measures used to remediate 

source areas. Source area materials are defined as Category I, Category H, or Category HI as 
follows: 

Category I: Category I materials are residual by-products typically associated with specific 

current and past smelter operations. Based on the results of the remedial investigation, 

Category I materials are associated with distinctly elevated concentrations of metals in 

underlying groundwater. Category I materials include but are not limited to the following: 

v Sulfuric acid. 

1 Acid Plant Scrubber Water/Solids (from leaks, etc.). 

I Acid Plant Water Treatment Plant Filter Cake. 

0 Liquid leakage from process gas flues going to the Acid Plants. 

Q Leachate from sulfuric acid reacting with slag fill material. 
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Q Cottrell dust (Reverb, Roaster, Converter, ConTop, Sinter Plant). 

v Spray Chamber Dusts (Reverb, Roaster, Converter, ConTop). 

v Converter Building Ventilation Baghouse Dust. 

0 Baghouse and other dusts from former Lead Plant and Sinter Plant Operations. 

v Feed Materials including lead and copper concentrates, East Helena speiss and matte. 

v Fines in Slag Storage Area. 

Category II: Category H materials are large volumes of diluted residual by-products (most 
of the same materials listed for Category I). Category H materials also include smelter debris 
such as brick, flues and other materials from demolition of smelter facilities taken out of 

commission in the past which have residual concentrations of metals. Category H materials 
generally have lower concentrations of metals than Category I materials. Based on the results 
of the remedial investigation, Category H materials do not currently represent a source of 
metals to the underlying groundwater, but could become a potential source in the future if 
conditions on the surface are not properly managed. 

Category III: Category HI materials are copper slag and fumed lead slag. 

Areas and volumes of source materials subject to corrective action measures are discussed 

and delineated in Section 4 of this report. 

3.1 CONVERTER BUILDING/BAGHOUSE AREA (INVESTIGATION AREA 1) 
3.1.1 Background/Operations 

Investigation Area 1 is south of the Acid Plant Mist Precipitator Building and west of the 

Converter Building Ventilation Baghouse (Figure 3-1). Investigation Area 1 includes 

Medford Sump, which is used to control storrn/process water from the Acid Plant and the 
Converter Building Ventilation Baghouse area. Investigation Area l was identified by the 
TNRCC as an area of concem because, at the time of the 1994 and 1995 multimedia 
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inspection and sampling event, spent spray chamber saddles were stored in this area, and 

samples of the saddles contained elevated concentrations of metals (TNRCC, 1996). 

3.1.2 Soil 

A total of 20 soil samples were collected from Investigation Area l, from five borehole 
locations (Figure 3-l). Soil sample analysis results for Investigation Area l are summarized 
in Table 3-1. 

Arsenic and lead appear to be the primary constituents of concem, with the highest 

concentrations occurring in samples collected from borehole SSIAIS -1 south of the Acid Plant 

(Investigation Area 3) and from borehole SSIAI-2, near Medford Sump. Arsenic levels at 

these two locations range from 2,600 mg/kg to 22,000 mg/kg. At the deepest interval (4 to 5 

feet), the concentrations are 2,600 mg/kg (SSIA1-1) and 22,000 mg/kg (SSIA1-2). 

Composition of the four- to five-foot interval sample is slag for SSIA1-1 and soil for SSIA1- 
2. Lead concentrations for the samples range from 15 mg/kg (SSIA1-1) to 20,000 mg/kg 
(SSIA1-2). At the deepest interval (4 to 5 feet), lead concentrations are 4,000 mg/kg (SSIA1- 

l) and 20,000 mg/kg (SSIAI-2). Metal concentrations are generally elevated throughout the 

soil profile in Investigation Area 1. ' 

Sample location SSIA1-2 is within the basin area for the sump pump station, which is 

referred to as Medford Sump. Medford Sump accumulates by-products of the smelter 
operations, including released Acid Plant scrubber water, liquid leakage from process gas 

flues, sulfuric acid, leachate from low pH waters interacting with slag, Cottrell dust and 
concentrates from the converters. Soil in the area of the Medford Sump contains the highest 
concentrations of metals observed for the entire investigation, which is attributed to the 

accumulation and percolation of stormwater and/or process water. Borings immediately 

outside the Medford Sump area have lower metal concentrations in the first five feet. 
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3.1.3 Groundwater 
Groundwater samples collected from Investigation Area l were collected from monitor wells 
EP-51 and EP-52 (Figure 3-1). A summary of groundwater monitoring results (averaged 
over four monitoring events) for Investigation Area 1 is in Table 3-2. 

Monitor well EP-51 is south of Medford Sump. Monitor well EP-52 is near the cooling 
towers northeast of Medford Sump. The MCLs for arsenic, cadmium and selenium are 
exceeded in these monitor wells. The action level for lead is exceeded in EP-52. For EP-51, 
average arsenic, cadmium, lead and selenium concentrations are 2.17 mg/l, 0.89 mg/l, 0.003 
mg/l and 0.17 mg/l, respectively. For EP-52, arsenic, cadmium, lead, and selenium 

concentration are 1.29 mg/1, 0.68 mg/l, 0.044 mg/1 and 0.33 mg/l, respectively. Groundwater 
flows from east to west across this area. 

The primary hydrogeologic feature of Investigation Area 1 is a slag and soil backfilled 

arroyo. The arroyo is approximately 200 feet long, 200 feet wide, and 60 feet deep. The 
arroyo is documented in topographic maps from 1891 (Figure 2-3). There are numerous 
arroyos on the Plant that historically have been backfilled to create new surface area for plant 
operations. The arroyos appear to channel and control unsaturated and to some extent, 
saturated groundwater flow beneath the Plant. Relatively higher concentrations of metals in 

groundwater also appear to be associated with the arroyos. 

In terms of elevation, Medford Sump is the lowest feature in Investigation Area 1. As 
previously discussed, Medford Sump is an accumulator of by-products of current smelter 
operations; these by-products are considered to be a source of metals to groundwater 

associated with the uncontrolled release of acids. The Medford Sump area has been slated 
for upgrades in conjunction with plant-wide stormwater control improvements. As will be 
discussed in Section 4, these improvements, in combination with source material removal, 
will eliminate or reduce the potential for metals to migrate to the groundwater. - 
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3.1.4 Summary 
The Medford Sump area soils have been impacted by releases of Acid Plant scrubber water, 
liquid leakage from process gas flues interacting with slag, Cottrell dust and concentrates 

from the converters that accumulate in Medford Sump. Medford Sump, which is the lowest 
point in the investigation area, is constructed over a slag-backfilled arroyo and may be subject 
to leaks. Therefore, Medford Sump and associated basin soils appear to be a source of metals 
to the groundwater. Based on results and observations discussion in this section, soils in the 
Medford Sump basin area are classified as Category I materials. 

3.2 BONEYARD (INVESTIGATION AREA 2) 
3.2.1 Background/Operations 

Investigation Area 2 is a boneyard (heavy equipment storage yard) in a slag pile storage area 

near Slag Road and the current slag-dumping area (Figure 3-2). During the 1994 and 1995 

multimedia inspection and sampling event, the TNRCC was concerned about the type of 
material stored in the Boneyard, which at the time included drums of mixed materials, mist 
eliminator candles, saddles, fiberglass reinforced flues, plastic saddles and other 

miscellaneous equipment. The TNRCC was concemed that materials underlying the 

Boneyard, thought to consist of native soil, might be impacted by the stored items. Since the 

1994 and 1995 multimedia inspection and sampling event, the plant has only a few pieces of 

heavy machinery components at the site. By October 1995, all materials stored in the 

Boneyard during the 1994 and 1995 TNRCC sampling events have been removed from the 
Boneyard. 

Historically, a layer of soil material was placed in the area of the Boneyard to provide a 

suitable surface for the heavy equipment storage. As a result of the remedial investigation, 
the soil cover was determined to be approximately 1.5 feet thick, overlying lead slag to a 

depth of 35 to 45 feet bgs. 

Investigation Area 2 has been separated into two sub-areas (Figure 3-2). Sub-area 1 includes 

the actual Boneyard area. Sub-area 2 is a larger area utilized for the storage of slag. Sub-area 
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2 includes an area east of Interstate Highway_ 10 undemeath the train trestles near the 

intersection of Executive Center Drive and Paisano Drive. Sub-area 2 is also the site of a 

slag-crushing/recycling operations (Parker Brothers). 

3.2.2 Sub-area 1 Soil 

Sub-area 1 soils are characterized by one five-foot soil boring and two monitor wells (Figure 
3-2). In accordance with the Remedial Investigation Work Plan, only soil samples were 
collected from monitor well boreholes beginning at depths of 35 and 45 feet, respectively, a 

function of the thickness of the slag, which was logged but not sampled. For near-surface 

samples (i.e., 0 to 1.5 feet), arsenic and lead concentrations were 400 mg/kg and 1,500 
mg/kg, respectively. Samples collected from the 1.5- to 2.5-foot interval had 1,200 mg/kg for 
arsenic and 180 mg/kg lead (Appendix C, Table C-3). 

Soil samples collected from monitor well boreholes EP-75 and EP-76 at depths of 35 and 45 
feet bgs in Sub-area 1 of Investigation Area 1 had arsenic concentrations which ranged from 
220 mg/kg to 1,800 mg/kg and lead concentrations which ranged from 28 mg/kg to 490 
mg/kg (Appendix C, Table C-10). The pH for these samples ranged from 8.6 to 9.7, higher 
than most samples collected from other areas of the plant. 

The primary source material associated with Sub-area 2 is probably sludge from the Acid 
Plants, which may have historically been stored in this area. The higher pH observed may be 
attributed to the use of limerock (54% CaO) to neutralize the acid plant sludge during 
storage. The remaining material was gathered and reclaimed as smelter feed material. The 
higher pH values could mobilize arsenic. An expanded soil investigation of this area will be 
required, to ascertain the extent of metals and the specific nature and origin of source 

materials. 
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3.2.3 Sub-area 1 Groundwater 
Groundwater in Sub-area l of Investigation Area 2 is characterized by monitor wells EP-53, 

EP-75 and EP-76 (Figure 3-2). Groundwater sample analysis results (averaged over four 

monitor events) for Investigation Area 2, Sub-area 1 are in Table 3-3. 

Groundwater is encountered at approximately 55 feet below the top of monitor well casings. 

Arsenic and selenium are the primary constituents of concem for this area. Arsenic 

concentrations were highest in EP-53 and lower in upgradient wells (EP-75 and EP-76). 

Groundwater pH in these monitor wellsaveraged 7.1 for EP-53, 7.3 for EP-75, and 7.5 for 
EP-76.

. 

The Boneyard overlies a slag-backfilled arroyo. The arroyo, which drains to the Parker 
Brothers slag-crushing/recycling operations area, then to the Rio Grande, is referred to as the 

Parker Brothers Arroyo (Figure 2-3). Groundwater flow direction is from east to west. As 
discussed for Sub-area 1 Soil, Acid Plant liquids and solids, may be the primary sources of 
arsenic and selenium in groundwater. 

3.2.4 Sub-area 2 Soil 

Sub-area 2 encompasses the arroyo discussed above, portions of which have been backfilled 
with slag and plant demolition debris. In addition, Sub-area 2 of Investigation Area 1 

includes a slag-crushing/recycling operations (Parker Brothers). Union Pacific and 

Burlington Northern Santa Fe Railroads maintain rail lines through the eastem portion of 

Sub-area 2. These rail lines fOI'1Tl the western boundary of Investigation Area 2. A catch 
basin or closed depression created by the railroad grade in the slag storage area, ponds water 

at times. The closed depression accumulates slag fines and residues from other types of plant 
debris, such as brick, conveyor belts, and wood, which were observed at the edge of the 
closed depression. The closed depression may be a recharge zone and may accumulate 
source materials that could contribute metals to the groundwater associated with the 

underlying backfilled arroyo. A 
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As part of the remedial investigation, Sub-area 2 of Investigation Area 2 included five 

monitor wells, six soil borings to groundwater, one surface water sample, and one surface 

soil sample. Sample collection sites for Sub-area 2 of Investigation Area 2 (Figure 3-2) 

include the following: 

Monitor Well Borehole Samples: EP-78, EP-79, EP-81, EP-83 and EP-85 

Soil Borings: RIBH-l, RIBH—2, RIBH-3, RIBH-4, RIBI-I-5 

and RIBI-I-6 

Surface Water Location: SEP-14 (closed depression) not 

sampled to date 

Surface Soil Sample: SSIA2-2 (surface sample of EP-78) 

As in the case of Sub-area 1, soil samples collected from soil borings and monitor well 

boreholes were collected from depth intervals at which slag was not encountered. With the 

exception of SSIA2-2, all borings were advanced to groundwater. A summary of borehole 
sample analysis results (arithmetic mean averaged over all intervals from a given borehole) 
for Sub-area 2, Investigation Area 2 is in Table 3-4. 

Groundwater was encountered at 2 feet bgs and at approximately 0.5 feet below the slag. For 

all borehole samples, arsenic and lead concentrations decreased to lower levels within 10 feet 

of the bottom of the slag. The exceptions are samples collected from EP-79 in which arsenic 

and lead concentrations were highest in the sample collected at 25 feet bgs. This may be 
attributed to the historical addition of fill material containing elevated concentrations of 

metals at this level, which was covered with slag in subsequent years. 
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3.2.5 Sub-area 2 Groundwater 
Groundwater in Sub-area 2 of Investigation Area 2 appears to be influenced by an arroyo as 

previously described and characterized by monitor wells EP-78, EP-79, EP-81, EP-83, and 

EP-85 (Figure 3-2). The arroyo trends upgradient from EP-80 and EP-81 to EP-78. The 
arroyo underlying Sub-area 2 spurs, with one branch toward the north and one toward the 

south. The groundwater flow direction is from east to west. A summary of groundwater 
sample analysis results (averaged over four monitoring events) collected from designated 

monitor wells within Sub-area 2 is in Table 3-5. 

The MCL for arsenic is exceeded in groundwater and concentrations range from 0.007 mg/l 
to 5.85 mg/l. Arsenic is the primary constituent of concern for Investigation Area 2, Sub-area 

2. The arsenic concentration gradient characterized by monitor wells in Sub-area 2 suggests 
that the source of arsenic in groundwater is downgradient from EP-83 (EP-83 is the most 

upgradient well in the Investigation Area). The highest concentration of arsenic in 

groundwater is in monitor well EP-78 (5.8 mg/l), which is downgradient of the closed 

depression (SEP-l4), and decreases in downgradient wells. Water samples from the closed 
depression were not collected during the remedial investigation because it was dry. Removal 
of sediments that may have accumulated in the closed depression, elimination of the closed 
depression, and re-establishment of proper drainage in Sub-area 2 would probably eliminate 
or greatly reduce the potential for metals migration to groundwater. 

3.2.6 Summary 
The historic storage of Acid Plant solids and liquids in this area may represent a potential 
source of metals to groundwater. Due to elevated concentrations of arsenic and selenium 
observed in groundwater underlying this area, any source materials encountered would be 
characterized as Category I. With the exception of sediments in the closed depression in the 
slag storage area (Sub-area 2), and stormwater (which collects there at times), copper slag is 

the predominant material and does not in itself represent a source of metals to the 

groundwater. Therefore, the slag storage area materials would be classified as Category IH 
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material. Sediments from the closed depression would probably be classified as Category I, 
although additional sampling would be required to verify this. 

3.3 ACID PLANT 1 AND 2 (INVESTIGATION AREA 3) 
3.3.1 Background/Operations ' 

Investigation Area 3 includes Acid Plants 1 and 2, which are in the northwestem portion of 

the Plant property (Figure 3-3). The Acid Plants are used to remove sulfur dioxide from 
gases generated during the copper smelting process, producing sulfuric acid as a by-product. 

The sulfuric acid is cooled and transported via pipeline to the Bulk Acid Storage Area. 

Historically, there have been periodic releases of liquids from process gas flues, sulfuric acid, 

scrubber water from the Acid Plants in Investigation Area 3. These fluids have a very low 

pH, which reacts with the underlying soil and slag materials. The resulting leachate may be 
high in soluble metals, which can migrate to the groundwater. 

3.3.2 Soil 

Investigation Area 3 soils are characterized by samples collected from ll soil borings (Figure 
3-3) to a total depth of five feet. One of the boreholes (EP-73) was extended to 78 feet bgs 
and was converted to a monitor well. One soil borehole was limited to a depth of three feet 
due to auger refusal upon contact with slag. Soil sample analysis results for Investigation 

Area 3 are summarized in Table 3-6. 

Arsenic and lead are the primary constituents of concern in soil for this Investigation Area. 

Generally, concentrations of metals decrease with depth (also see depth-versus-concentration 

graphs in Appendix D). Arsenic concentrations in surface samples (0 - 2 inches) ranged from 

nondetectable to 7,800 mg/kg, and lead values ranged from 220 mg/kg to 19,000 mg/kg, 
averaged over all samples. At the maximum depth interval (4 - 5 feet bgs), arsenic 

concentrations ranged from nondetectable to 1,400 mg/kg in soil with a maximum 
concentration of 3,500 mg/kg in slag. Lead concentrations ranged from 45 mg/kg to 1,800 
mg/kg in soil, with a maximum value of 20,000 mg/kg in slag. The pH of soil borehole 
samples ranged from 6.5 to 10. 
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Borehole samples were collected from EP-73, beginning at a depth of 15 feet bgs. Above 
this depth, slag was logged, but not sampled. The maximum concentration of arsenic in 
borehole samples from EP-73 was at 35 feet bgs and was near background (24 mg/kg). Lead 
concentrations in borehole samples from EP-73 ranged from a maximum of 2,400 mg/kg at 
20 feet bgs to nondetectable at 78 feet bgs. 

3.3.3 Groundwater 
Groundwater in the vicinity of the Acid Plants is characterized by monitor wells EP-25, EP- 

49, EP-52, EP-54, EP-55 and EP-73. Groundwater sample analysis results for these wells 
(averaged over four quarterly monitoring events) are summarized in Table 3-7. 

Groundwater flow direction in Investigation Area 3, from east to west, appears to be 

influenced by an arroyo originating there. The arroyo, which is referred to as the Acid Plant 
Arroyo (see Figure 2-3), is backfilled with slag, plant debris, and soil; it is also part of the 

Diesel No. 2 Remediation Site. The highest concentration of arsenic in groundwater for.the 
entire Plant (315 mg/l) is in samples collected from monitor well EP-49. Monitor well EP-49 
is completed at the headwaters of the arroyo, a feature that appears to influence the 

accumulation of metals. 

3.3.4 Summary 
The periodic release of low pH/high metal fluids associated with the gas cleaning sections 
and sulfuric acid from the Acid Plants, and the reaction of these fluids with underlying soil 
and slag materials and subsequent leaching, has resulted in elevated concentrations of metals, 
particularly arsenic, in groundwater below Investigation Area 3. These fluids, as well as 
some localized areas of soil having elevated concentrations of metals in and around the acid 
processing facilities, are classified as Category I materials. '

- 

H :\FlLES\ l 28\0734\R IREPOR'l\lNTDRAF2.DOC.DOC\TUC\ l O/6/98\O65 
3-l l



3.4 FRONT SLOPE/WESTERN PLANT BOUNDARY (INVESTIGATION AREA 4) 
3.4.1 Background/Operations 

Investigation Area 4 includes the western boundary of the Plant and is referred to as the Front 

Slope (Figure 3-4). The Front Slope is composed mostly of poured slag, which forms a 

relatively steep slope between smelter facilities and Paisano Drive. At the base of the slope is 

along flat area, which is the easement for the Burlington Northem & Santa Fe Railway. This 
area tends to accumulate stormwater runoff from the Plant and releases of smelting process 

by-products from above. 

Based on the results of the remedial investigation, there are five distinct areas within 

Investigation Area 4 that may represent sources of metals to groundwater (see Figure 3-5): 

0 Downslope of the Acid Plants 

0 Downslope of Medford Sump 

0 Downslope of the Closed Lead Plant Baghouse 

0 Downslope of the Sinter Plant Gas Cleaning and Sample Mill 

0 Downslope of the South Terrace 

3.4.2 Soil Downslope of the Acid Plants 
This area is downslope of Investigation Area 3. On two occasions in 1995, there were 
releases of acid plant scrubber water. The scrubber water release percolated downward, 
surfaced at the base of the slope and ponded at the easement. A soil investigation was 
conducted in July 1996 to evaluate the extent of affected materials. The results of this 

investigation are reported here. Soil sample locations are shown in Figure 3-4. Analytical 

results for soil samples collected as part of the acid spill investigation are summarized in 

Table 3-8. 

During the scrubber water spill investigation, the depth to groundwater along the easement 

was found to be approximately 10 to 13 feet bgs, and it was presumed that the ponded water 
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could have migrated to the water table. Concentrations of metals and sulfate generally 

decreased from the surface to the groundwater level. The highest concentrations of arsenic 
(the primary constituent of concem) were in the surface five feet and ranged from 28 mg/kg 
to 2,920 mg/kg. Arsenic concentrations in samples collected at the groundwater level (1 l to 

l3 feet bgs) ranged from nondetectable to 585 mg/kg. 

3.4.3 Soil Downslope of Medford Sump 
This area is downslope and southwest of the Acid Plant Mist Precipitator Building and 
downslope and west of the Converter Building Ventilation Baghouse (Figure 3-4). The area 
is also downslope of Medford Sump in Investigation Area 1. 

As part of the remedial investigation, soils downslope of Medford Sump were characterized 
by soil samples collected from boreholes SSIA4-1, SSIA4-2, SSIA4-3 and SSIA4-4 (Figure 
3-4). Soil analysis results from downslope of Medford Sump in Table 3-9. 

As described in Section 3.1, the highest concentrations of metals for the Plant are from the 
Medford Sump area. Arsenic and lead concentrations in soils below Medford Sump are 
higher in the surface and tend to decrease (relative to surface concentrations) at depth 

(Appendix D). Elevated concentrations of metals in soils downslope of Medford Sump are 
attributed to releases and accumulations of smelter by-products such as liquids from process 
gas flues, scrubber water and acid/slag leachate, and Cottrell dust. 

3.4.4 Soil Downslope of Lead Plant 
Investigation Area 4 is downslope of the lead plant and, more specifically, the lead plant 
baghouse. In 1978, an accidental release of flue dust occurred when a newly installed flue 
collapsed. The flue, which had filled with flue dust and moisture, failed due to excessive 
weight. The flue fell onto the rail lines and portions of Paisano Drive. Flue dust in the form 
of mud accumulated in the area of Investigation Area 4, characterized by soil borings SSIA4- 
7, SSIA4-8, SSIA4-9, SSIA4-10 and SSIA4-ll (Figure 3-4). The results of soil analyses of 
samples from these borings (averaged over all borings) are summarized in Table 3-10. 
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Maximum arsenic, cadmium, and lead concentrations in surface soils downslope of the Lead 
Plant are 17,000 mg/kg, 980 mg/‘ kg, and 49,000 mg/kg, respectively. Arsenic and metal 

concentrations generally decrease with depth (Appendix D). Lead plant flue and baghouse 

dust is probably the primary source material in soil downslope of the lead plant. 

3.4.5 Soil Downslope of Sinter Gas Cleaning and Sample Mill 
Investigation Area 4 is northwest and downslope of the Sample Mill Area. North of the 

Sample Mill is an ore-processing area for historic lead operations. Soils downslope of the 

Sample Mill are characterized by soil borings SSIA4-12, SSIA4-13, SSIA4-l4, SSIA4-15 

and SSIA4-16 (Figure 3-4). The results of soil analyses of samples from these borings are in 

Table 3-11. 

Arsenic concentrations in surface soil samples ranged from 480 mg/kg to 4,800 mg/kg, and 
lead concentrations ranged from 5,900 mg/kg to 14,000 mg/kg. At depth (4 to 5 feet bgs), 
arsenic concentrations ranged from nondetectable to 110 mg/kg, and lead concentrations 

ranged from 18 mg/kg to 3,200 mg/kg. Concentrates and dust transported in stormwater and 

historic deposition of fugitive dust from the Plant are the probable source materials in soil 

downslope of the Sample Mill. 

3.4.6 Groundwater Downslope of Sinter Plant Gas Cleaning and Sample Mill 
There were no monitor wells installed specifically to characterize groundwater for the area 

downslope of the Sample Mill. However, upgradient well EP-13 and nearby well EP-29 

(Figure 3-4) were used to characterize groundwater for this area. Groundwater sample 

analysis results for these wells (averaged over four quarterly monitoring events) are 

summarized in Table 3-l2. 

Monitor well EP-13, which is within the Sample Mill area, has average arsenic, cadmium, 

lead, and selenium concentrations of 44.8 mg/1, 0.75 mg/l, 0.004 mg/l, and 6.4 mg/l, 

respectively. Monitor well EP-29, which is near the area downslope of the Sample Mill, has 
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average arsenic, cadmium, lead, and selenium concentrations of 0.32 mg/l, 0.003 mg/l, 

0.0015 mg/l, and 0.168 mg/l, respectively. It appears that groundwater may be impacted by 
source materials associated with the Sinter Plant Gas Cleaning and Sample Mill area and that 
soil in the area downslope of the Sample Mill area may have little or no effect on 

groundwater. However, additional groundwater investigations are recommended, to better 

access potential impacts. 

3.4.7 Soil Downslope of South Terrace Area 
The area downslope of the South Terrace Area was originally an arroyo and part of the 
original entrance to the plant. This area is on the southwest portion of the property (Figure 3- 

4) and once included housing facilities for Plant personnel. The area also has been 

historically used as a storage area for ore and concentrates and as a construction staging area. 

Soils in the area downslope of the South Terrace Area are characterized by soil borings 
SSIA4-22, SSIA4-23, SSIA4-24, SSIA4-25, SSIA4-26, SSIA4-27 and SSIA4-28 (Figure 3- 

4). The results of soil analyses of samples from these borings are summarized in Table 3-13. 

Concentrations of arsenic in surface soils (0 to 2 inches bgs) ranged from 120 mg/kg to 380 
mg/kg, and lead ranged from 1,800 mg/kg to 9,400 mg/kg. At depth (4 to 5 feet bgs)'arsenic 
concentrations ranged from nondetectable to 120 mg/kg, and lead ranged from 75 mg/kg to 
620 mg/kg. Like other downslope areas, concentrations are highest in the surface and tend to 

decrease with depth. Although, concentrations at 4 to 5 feet bgs tend to be higher than for 

samples 1.5 to 3 feet bgs and 3 to 4 feet bgs. This is attributed to historic construction 

activities in the area and associated soil disturbance. Since the original plant entrance was 
closed, the arroyo has been filled in, the railroad right-of-way has been regraded, and the 

American Canal has been installed. 

The primary source of metals in soil downslope of the South Terrace Area is concentrate. 
Concentrates may have been transported via stormwater runoff or transported as fugitive. 
dust. 
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3.4.8 Groundwater Downslope of South Terrace Area 
Groundwater in the area downslope of the South Terrace Area is characterized by monitor 

wells EP-20, EP-70, EP-7l and EP-72 (Figure 3-4). EP-20 was originally installed as part of 

the Diesel No. l Remediation Site. The remaining wells were installed as part of the 

remedial investigation. Groundwater sample analysis results for these wells (averaged over 

four quarterly monitoring events) are summarized in Table 3-14. 

Arsenic levels in these wells exceed the MCL, but are generally lower than in other wells 
associated with source areas. As in the case of the area downslope of the Sample Mill, soil in 
this area may not impact groundwater as much as upgradient facilities and soils. 

3.4.9 Summary 
Investigation Area 4, which includes the westem boundary of the Plant, is composed mostly 
of poured slag and forms a relatively steep slope between smelter facilities above it and the 

long, relatively flat area at the base of the slope (area of stormwater runoff). This area tends 

to accumulate stormwater runoff/sediments and releases of smelting process by-products 

from Plant operations above. 

Monitor wells were not specifically installed to evaluate groundwater impacts from 

Investigation Area 4. However, based on soil investigation results, groundwater results for 

surrounding monitor wells, information on current and historic Plant operations and events, 

and the potential origin of source materials, Investigation Area 4 was divided into five 
distinct source areas. Source materials within each of the source areas are classified as 

follows: 
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Source Area Source Material Category 

Soil Downslope of the Acid Plants I 

Soil Downslope of Medford Sump I 

Soil Downslope of Lead Plant Baghouse I 

Soil Downslope of Sampling Mill I 

Soil Downslope of South Terrace Area II 

3.5 HISTORIC SMELTERTOWN (INVESTIGATION AREA 5) 
3.5.1 Background/Location 

Smeltertown is located west of the Plant boundary and Paisano Drive (Figure 3-5). This area 

was historically used generally as private housing for plant employees and their families. In 

1972 the town was demolished and the families relocated. The area north of the original 
Smeltertown is currently used by IBWC for field offices since the 1920’s and by Asarco for 
warehousing and Diesel No. 2 remediation activities. The area also contains a softball field 
used by Asarco employees. 

3.5.2 Soil 

Investigation Area 5 soils are characterized by samples from 19 soil borings and monitor well 
EP-80 (Figure 3-5). The results of borehole sample analyses are summarized in Table 3-15. 

Average arsenic and lead concentrations in surface samples (0 - 2 inches) ranged from 

nondetectable to 240 mg/kg and from nondetectable to 4,200 mg/kg, respectively. Average 

concentrations of arsenic and lead at depth (4 - 5 feet) ranged from nondetectable to 60 mg/kg 
and from 11 mg/kg to 810 mg/kg, respectively. Overall, lead appears to be the primary 

constituents of concem for this area. Surface soil concentrations of lead tend to be higher 

(greater than 1,000 mg/kg) in the southemponion of Investigation Area 5, as characterized 
by soil borings SSIA5-1, SSIA5-3, SSIA5-4, SSIA5-5, SSIA5-7, SSIA5-8, and SSIA5-10 

(Appendix C, Table C-6). This area has probably been impacted by historic operations of the 

Lead Plant, and possibly by site soil importation, grading for the development of the area for 

housing. With some exceptions (SSIA5-4 and SSIA5-19), elevated arsenic and metal 
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concentrations are limited to the surface (1 - 2 feet bgs) and decrease rapidly to near 

background levels at depth (Appendix D). Metal concentrations in Investigation Area 5 soils 
are generally much lower than in other Investigation Areas and are primarily limited to the 
surface. 

3.5.3 Groundwater 
Investigation Area 5 groundwater is characterized by monitor wells EP-57, EP-58, EP-59, 
EP-60, EP-61, EP-62, EP-63, EP-64, EP-65, EP-66 and EP-80 (Figure 3-5). All of these 

wells, with the exception of EP-80, were originally installed in conjunction with the 

investigation of the Diesel #2 Remediation Site. Groundwater sample analysis results for 
these wells (averaged over four quarterly monitoring events) are summarized in Table 3-16. 

Concentrations in groundwater are not uniform across Investigation Area 5. Monitor wells 
EP-57, EP-58 and EP-59, which are closest to the Plant, and wells EP-62 and EP-66, which 
are the greatest distance from the Plant (Figure 3-5), exceeded the MCL for arsenic. The 
remaining wells (EP-60, EP-61, EP-63, EP-64 and EP-65) have concentrations that are near 
or slightly above background. The observed variations in concentrations in groundwater are 
attributed in part to geology. Aquifer materials in the middle portion of Investigation Area 5 

tend to have a clayey composition, which may inhibit the nligration or accumulation of 
metals in groundwater. Groundwater flow direction is to the west and southwest. Arsenic 

measured in Investigation Area 5 monitor wells, in particular, EP-66, may originate from 
upgradient source areas. 

3.5.4 Summary 
Arsenic and other metal concentrations (primarily lead) in Investigation Area 5 soils are 

elevated in surficial soils (l to 2 feet bgs) and tend to decrease rapidly to near background 
levels at depth. The probable source of lead is from the historic lead operations. Monitor 
wells in this area have elevated concentrations of arsenic, and there are known sources of 
arsenic to groundwater at upgradient sites. Investigation Area 5 soils are classified as 

Category II materials. 
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3.6 GROUNDWATER (INVESTIGATION AREA 6) 
Investigation Area 6 includes groundwater resources characterized as part of the Remedial 

Investigation. Site groundwater characteristics are discussed in detail in Section 2.3 of this 

report. Groundwater characteristics associated with specific investigation and source areas 

are discussed in Section 3.0. Based on the results of the Remedial Investigation, groundwater 

has been impacted by smelter operations in selected areas. 

3.7 SURFACE WATER (INVESTIGATION AREA 7) 
Investigation Area 7 includes naturally occurring surface water bodies (i.e., American Canal 

and Rio Grande). Surface water characteristics are discussed in detail in Section 2.2 of this 

report. Although some isolated occurrences of elevated nonmetal water quality parameters 
have been detected in the American Canal and in the Rio Grande, there are no MCL 
exceedences. Groundwater with elevated metal concentrations from source areas associated 
with smelter operations does not appear to have impacted the American Canal or Rio Grande. 

3.8 UNLOADING/BEDDING BUILDINGS (INVESTIGATION AREA 8) 
3.8.1 Background/Location 

Investigation Area 8 consists of the Unloading and Bedding Buildings, railroad spurs and 

associated facilities in the central portion of the Plant (Figure 3-6). The unloading and 
bedding buildings have been in operation since 1978. All incoming and outgoing products 

pass through this area. During the 1994 and 1995 multimedia inspection and sampling event, 

the TNRCC was concemed about the large amounts of potentially hazardous materials 
handled and stored in the area. 

3.8.2 Soil 

Investigation Area 8 soils are characterized by 31 soil borings (Figure 3-6). The maximum 
borehole depth was five feet or less due to auger refusal (poured slag). The results of soil 
analysis for samples from these borings are summarized in Table 3-17. 
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Arsenic, cadmium, and lead concentrations in the surface (0 to 2 inches) ranged from 

nondetectable or background to 6,600 mg/kg, 1,800 mg/kg, and 25,000 mg/kg, respectively. 

Arsenic, cadmium, and lead concentrations at depth (4 to 5 feet bgs) ranged from 

nondetectable to 3,100 mg/kg, 530 mg/kg, and 22,000 mg/kg, respectively. A variety of raw 
materials, products and by-products is handled and/or stored in this area. Potential source 

materials include but are not limited to the following: 

0 Copper and lead concentrates 

' Cottrell and baghouse dusts 

0 East Helena speiss and matte 

1 Scrap copper 

v Steel scrap processing area 

v Water treatment solids 

0 Solids collected from bedding washdown system 

3.8.3 Groundwater 
Groundwater in Investigation Area 8 is characterized by monitor wells EP-15, EP-67, EP-70 

and EP-72 (Figure 3-6). Monitor well EP-15’ was originally installed as part of the Diesel 

No. 1 investigation. Groundwater sample analysis results for these wells (averaged over four 

quarterly monitoring events) are summarized in Table 3-18. " 

Monitor wells EP-70 and EP-72 are completed in the upper reaches of the arroyo once used 

as an entrance to the Plant, which has since been backfilled with slag. Groundwater in these 

wells exceeded the MCL for arsenic. Investigation Area 8 is similar to Investigation Area 1 

(Convener Building Ventilation Baghouse), Investigation Area 2 (Boneyard/Slag Storage), 

and Investigation Area 3 (Acid Plants) with respect to higher concentrations of metals in 

soils, but has comparatively lower concentrations of metals in associated underlying 

groundwater. This may be attributed to the fact that the facilities of Investigation Area 8 are 
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not constructed over a backfilled arroyo like the facilities in Investigation Areas 1, 2 and 3. 

Therefore, metals are less likely to migrate and accumulate in groundwater beneath the 

facilities of Investigation Area 8. 

3.8.4 Summary 
Investigation Area 8 has elevated concentrations of metals in the upper five feet of the soil. 
Investigation Area 8 soils have been impacted by a variety of source materials that are 

products and by-products transported in and out of the Plant. Although soil concentrations 

of metals are relatively high, the underlying groundwater has not been impacted to the extent 

observed for other investigation areas having similar soil concentrations. This is due in part 

to the construction of Investigation Area 8 facilities over a nonairoyo area. Soil materials in 

Investigation Area 8 are classified as Category H. 

3.9 PONDS 1, 5 AND 6 (INVESTIGATION AREA 9) 
3.9.1 Background

l 

The Plant has three on-site ponds, referred to as Pond 1, Pond 5, and Pond 6 (Figure 2-3). 
Pond 1 was historically used for water storage from the Rio Grande, Pond _5 (dry) was used to 
store fresh make-up water (city of El Paso supplied) for compressor cooling, and boiler feed 
water makeup, and Pond 6 is used for fire water, process, stormwater and cooling tower 
blowdown and anode cooling water. The three ponds were constructed in naturally occurring 
arroyos that formerly existed throughout the Plant. Pond l is located in a small-scale arroyo 

(Pond 1 Arroyo) Pond 5 and Pond 6 were built within different dendritic branches of the 
same arroyo (Ponds 5 and 6 Arroyo). These arroyos are delineated in Figure 2-3. 

In accordance with the Remedial Investigation Work Plan, three ponds were to be 

investigated as part of the recently completed remedial investigation. The ponds were to be 
drained and samples collected from sediments to determine the extent and concentrations of 

metals. However, the schedule for investigation of the ponds had to be modified due to 
delays in the design of a new stormwater collection and reuse project. 
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Asarco mailed a formal request to the TNRCC on March 23, 1998, to delay the investigation 
of the ponds. Asarco requested that the investigation of the ponds be delayed until the water 

is removed from each pond and the new stormwater control facilities are built. Pond 5 had 
all water removed and its sediments are being allowed to dry out. The new stormwater 
facilities are scheduled to be completed during the first quarter of 2000, at which time the 
existing ponds will be sampled in accordance with the Remedial Investigation Work Plan. 
As an interim measure, Asarco proposed to use the results of an intemal study conducted by 
Hydrometrics to characterize pond water quality (Hydrometrics, 1997a). The results of this 
study are summarized in Section 3.9.2. 

3.9.2 Pond Sediment V 

On July 15, 1996, three grab samples of sediment were collected from each of the three ponds 
(nine samples total). Grab samples were collected approximately l5 feet from the shoreline 
of each pond using a 32 oz. polyethylene bottle attached to the end of a pole expandable to 24 
feet in length. The samples were collected under water from approximately the upper four 
inches of sediment. Sediment sample locations are shown in Figure 3-8 and are labeled A 
(Pond 1), B (Pond 5), and C (Pond 6). Sediment samples were submitted under Chain of 

Custody to the Asarco Technical Services Laboratory in Salt Lake City, Utah. Sediment 

analysis results are reported in Table 2-8. 

Pond 1 sediments have average arsenic, cadmium, and lead concentrations of 3,667 mg/kg, 
928 mg/kg, and 6,150 mg/kg, respectively. Pond 5 sediments have average arsenic, 

cadmium, and lead concentrations of 2,455 mg/kg, 1,158 mg/kg, and 33,725 mg/kg, 

respectively. Pond 6 sediments have average arsenic, cadmium, and lead concentrations of 
2,637 mg/kg, 1,038 mg/kg, and 8,002 mg/kg, respectively. Historically, all three ponds have 

received stormwater runoff from the Plant. 
_ 

Pond 5 is currently dry and measures have been 
taken to minimize future collection of stormwater. Stormwater comes in contact with a 

variety of source materials that originate from former lead and current copper smelter 

operations and facilities. The stormwater runoff carries sediments enriched with metals. The 
sediments accumulate in the ponds and, in tum, becomes a source material. Pond 6 is used 
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for fire, process water and anode cooling. Water retumed to the pond from anode cooling 

may contain CuO. In addition, stormwater being collected in Pond 6 is high in metals due to 
sediment load. Therefore, the water in the ponds can also represent a potential source of 

metals or can influence the mobility of metals in sediments. 

3.9.3 Pond Water 
Water samples were collected from Ponds l, 5, and 6 on a quarterly basis as part of the 

remedial investigation. Pond water sample analysis results (dissolved concentrations 

averaged over four quarterly monitoring events) are summarized in Table 3-19. 

Section 2.2.3 of this report discussed the relationship between water quality in the on-site 

ponds and groundwater in monitor wells used to characterize groundwater in underlying 

arroyos. A comparison of the water chemistry of the ponds and underlying groundwater 
indicates some similarities. Therefore, water in the ponds may be a source of metals in 
groundwater. 

3.9.4 Groundwater 
Groundwater in Investigation Area 9 (Pond l Arroyo) is characterized by monitor wells EP- 

14, EP-29, EP-12, EM-4, EM-2, EP-35, and EP-43. Groundwater in Investigation Area 9 

(Ponds 5 and 6 Arroyo) is characterized by monitor wells EM-5, EM-6, EP-77, EP-56, EP-26 
and EP-66. The EM-designated monitor wells were installed in 1985 under a separate Texas 
Department of Water Resources (TDWR) Order. Groundwater sample analysis results for 
these wells (averaged over four quarterly monitoring events) are summarized in Table 3-20a 

(Pond 1 Arroyo) and Table 3-20b (Ponds 5 and 6 Arroyo). 

The MCL for arsenic and selenium (0.05 mg/l each) were exceeded in Pond l wells. 
_ 

The 
action level for lead (0.015 mg/1) was exceeded in monitor wells EM-4 and EP-12. In Pond l 

wells, arsenic and selenium concentrations ranged from 0.01 mg/l to 1.267 mg/l, and from 

0.005 mg/l to 3.675 mg/1, respectively. The MCL for arsenic, cadmium and selenium, and 
the action level for lead, were exceeded in Ponds 5 and 6 monitor wells. In Ponds 5 and 6 
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wells, average arsenic concentrations ranged from 0.027 mg/l to 10.93 mg/l, average 

cadmium concentrations ranged from 0.003 mg/l to 0.620 mg/1, average lead concentrations 
ranged from 0.012 mg/l to 0.109 mg/1, and average selenium concentrations ranged from 

0.013 mg/l to 0.115 mg/1. Metal concentrations in Ponds 5 and 6 monitor wells were 

generally higher compared to metal concentrations in Pond 1 wells. Elevated metal 

concentrations in these monitor wells are attributed to the migration of metals from pond 
sediments and water to the underlying groundwater. 

3.9.5 Summary ' 

On-site process ponds contain sediments originating from Plant stormwater. Plant 

stormwater comes in contact with a variety of source materials on the surface that originate 
from former lead and current copper smelter operations and facilities. Therefore, Plant 

stormwater runoff carries sediments enriched with metals. The sediments that have 

accumulated in the ponds, and the water in the ponds, are sources of metals that migrate to 

the underlying groundwater. Pond sediments are classified as Category I material. 

3.10 STORMWATER DRAIN (PLANT ENTRANCE) (INVESTIGATION AREA 10) 
3.10.1 Background/Location 

Investigation Area 10 is at the southem boundary of the plant and includes the vehicle 
entrance to the Plant and a stormwater drain system consisting of a sump, a lift pump, and an 
interceptor trench that crosses the plant entrance road (Figure 3-7). The stormwater system 
drains the truck staging area, portions of the South Terrace storage area, and other potential 

stormwater overflow in areas that would normally experience flow into the lined stormwater 
pond (Rubber Pond) near the Plant entrance (Figure 3-7). During periods of heavy rainfall, 

stormwater overflow from this area can enter the American Canal. The TNRCC has 
expressed a concem about the overflow from Investigation Area 10. 
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3.10.2 Soil ‘ 

Investigation Area 10 soils are characterized by eight soil borings (Figure 3-7). Soil borings 

were advanced to a depth of five feet or less due to auger refusal. Soil analysis results from 

Investigation Area 10 are summarized in Table 3-21. 

Arsenic and lead are the predominant constituents of concem in Investigation Area 10. 

Arsenic and lead concentrations in surface samples (0 to 2 inches) ranged from 190 mg/kg to 
750 mg/kg, and from 1,800 mg/kg to 5,700 mg/kg, respectively. Arsenic and lead 

concentrations at depth (1.5 to 5 feet bgs) ranged from nondetectable to 710 mg/kg, and from 
25 mg/kg to 1,300 mg/kg, respectively. Elevated metal concentrations are generally limited 

to the surface and generally decrease with depth (Appendix D). Some exceptions to this 
trend are probably a result of historic roadway and other construction activities that have 

mixed the soils. 

The sources of metals in the surface soils in Investigation area 10 soils is probably 

stormwater sediments. Stormwater carries sediments that have been in contact with source 

materials associated with smelter operations and facilities. Overflows of stormwater from 
this area could possibly, in turn, transport metal-enriched sediments to the American Canal. 

3.10.3 Groundwater 
Monitor wells were not installed specifically to characterize groundwater in Investigation 

Area 10. However, the concentration and distribution of metals in soils and depth to 

groundwater make soils an unlikely source of metals. 

3.10.4 Summary . 

The plant entrance and stormwater drain within Investigation Area 10 have elevated metals in 
surface soils, probably sediments in stormwater runoff. Stormwater overflows could possibly 
transport metals in soils from this area to the American Canal. Metals in soils from this area 

are an unlikely source of metals to groundwater. Soil in Investigation Area l0 is classified as 

Category II material. 
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3.11 OTHER POTENTIAL SOURCE AREAS 
Based on a review of groundwater and soil investigation results, there are five additional 
areas having elevated concentrations of metals in soils and groundwater not originally 

identified as investigation areas. These areas, which require additional soil and/or 

groundwater investigations to adequately define the extent and distribution of potential 

source materials, are identified as follows (Figure 3-9): 

Q Southem Arroyo (characterized by EP-84) 

0 Closed depression designated as SEP-14 (in Sub-area 2, Investigation Area 2) 

Q Boneyard (below base of slag) 

v Sample Mill Area (characterized by EP-13) 

¢ South Terrace Area 

In addition to these potential source areas, evaluations of closed plants may also identify 
additional potential source areas. 

3.11.1 Southern Arroyo . 

The Southern Arroyo is east of the Plant (Figure 3-9). Historically, this area was used for 
storage of plant construction materials and demolition debris. Monitor well EP-84, originally 
installed as a background well, has 0.53 mg/l of arsenic averaged over four quarterly 

monitoring events. 

3.11.2 Closed Depression Designated as SEP-14 (Sub-area 2, Investigation Area 2) 
As described in Section 3.2.1, this closed depression is in a slag storage and processing area 
of Sub-area 2, Investigation Area 2 (Figure 3-9). The closed depression was formed as a 

result of construction-related activities and, in particular, the establishment of a railroad 

grade. The railroad grade fonns a dam that intercepts the drainage of an arroyo. 
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Historically, the arroyo was used for storage of plant debris from the Plant and from the local 

community. In the early l98O’s, bottom sediments from Pond 6 were dredged and stored on 
the south side of the Number 9 bridge area just north of EP-82. The area to the west of the 
closed depression is a slag-crushing/recycling plant operated by Parker Brothers, Inc. 

Although the closed depression has been dry since the initiation of the remedial investigation, 

metals concentrations in samples of soil and groundwater (EP-78) collected from this area are 

elevated. It is suspected that the closed depression may accumulate fines associated with 
slag, demolition debris, and other smelter or nonsme1ter—related materials. 

3.11.3 Boneyard (below base of Lead Slag Dump) 
The Boneyard (Figure 3-9) was previously described in Section 3.2.1 as Sub-area 1, 

Investigation Area 2. The Boneyard is constructed over an arroyo that has been backfilled 
with slag. Historically, this area was used to store Acid Plant sludge/water. Limerock was 
used to neutralize this material. Borehole samples collected below the slag and groundwater 

from monitor wells EP-75 and EP-76 contain elevated concentrations of metals, arsenic in 

particular. Residual material from the Acid Plants in this area may be a source of metals 
impacting groundwater. 

3.11.4 Sample Mill Area 
The Sample Mill Area is located southwest of the Lead Plant area (Figure 3-9) and was 

historically used as a Leach Plant to remove chlorine from Lead Baghouse dusts prior to their 

addition as feed material. The Leach Plant was a modified water treatment plant utilizing a 

drum filter system to remove the suspended solids from the liquid. The liquid after the 
leaching process was stored in an above ground tank and then transferred to one of the 
process ponds. The area is located abovea small back-filled arroyo. The average arsenic 
concentration in EP-13 is 44.8 mg/l. Residues and spillage associated with this process may 
be a source of metals to groundwater. 
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3.11.5 South Terrace Area 
The South Terrace Area is in the southwestem portion of the Plant (Figure 3-9). The South 
Terrace Area is generally a flat area of the plant that has historically been utilized for the 

storage of concentrates, silica fluxes, and temporary storage of plant equipment. Located 

within the central portion of the South Terrace Area is an arroyo that has been back-filled 

with slag.in order to create additional storage area. Based on the historical usage of the area, 
these materials may results in elevated concentrations of metals in soils and groundwater. 

Currently, the area is being prepared for the construction of a new stormwater collection pond 
as part of the new Stormwater Collection and Reuse project. Concentrates are stored at the 

northeast portion in rubber lined concrete cells. 
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4.0 GENERAL PROPOSAL FOR CORRECTIVE ACTION 

In accordance with the Agreed Order, this section of the report presents a general proposal for 
corrective action. The general proposal for corrective action includes a summary of risk 
assessment results and identifies Corrective Action Objectives and preliminary Corrective 
Action Goals. This is followed by a discussion of corrective action technologies and process 
options. Corrective Action Altematives are identified as most applicable to the Plant based 
on an evaluation of effectiveness, implementability, and cost. Finally, Corrective Action 

Measures that would be taken to remediate source areas and achieve Corrective Action 
Objectives, are identified and proposed for each known source area. 

4.1 PRELIMINARY CORRECTIVE ACTION GOALS AND OBJECTIVES 
4.1.1 Risk Evaluation and Preliminary Corrective Action Goals 
Appendix L provides a site-specific risk assessment for the Asarco El Paso smelter site. The 
objective of the risk assessment is to identify mechanisms of present and future potential 
exposure to materials released to the environment by the Asarco El Paso Copper Smelter, and 
to provide preliminary, media-specific cleanup levels which are protective of potentially 
adverse effects to human health and the environment. Conclusions regarding risks, excerpted 
from Section .6 of Appendix L, are as follows: 

Q No imminent health threats as a result of environmental contamination from the 
Asarco El Paso Smelter site are identified. Potential worker risks from exposure to 
soil are appropriately managed, there is no exposure to groundwater, and metals 
concentrations in surface water are below health-based levels of concern (MCLs and 
Fresh Water Chronic Criteria). 

0 Cleanup objectives should focus on prevention of future impacts to the American 
Canal and the Rio Grande, consistent with the requirement of Texas Surface Water 
Quality Standards. MCLs are the applicable standard for the American Canal, while 
both MCLs and Fresh Water Chronic Criteria are applicable to the Rio Grande. 

Nondegradation and related load limitations (TMDLs) also apply. 
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0 Possible sources of metals identified during low water flow in the American Canal 

should be further evaluated. 

4.1.2 Corrective Action Objectives 

Plant improvements such as the Stormwater Collection and Reuse project and Corrective 

Action Measures to remediate source areas, are an integral part of the overall corrective 

action approach. Plant improvements provide opportunities for management of 

smelter/source materials and reduce potential environmental risks. Corrective Action 

Objectives for the Asarco El Paso Smelter are as follows: 

1. Reduce the potential for exposure to metals by plant workers and the public. 

2. Minimize the potential for transport of metals to the groundwater. 

3. Prevent increases in metal concentrations in the American Canal and the Rio Grande 

resulting from the migration of metals in groundwater, surfacewater, and wind-blown 

dust from the Plant. 

4.2 CORRECTIVE ACTION TECHNOLOGIES A AND PROCESS OPTIONS 
This section summarizes information on performance, relative costs, applicability, 

efficiencies, operation and maintenance, and site-specific implementability of remedial 

technologies for soil and groundwater. Sources of information used in the literature review 

include compendiums of treatment technologies, the National Technologies (NTIS) database, 
the Site Innovative Technology Evaluation (SITE) demonstration program, treatability 

studies conducted at other Asarco sites having metal constituents similar to those at the 

Asarco El Paso Smelter, and data provided by vendors. Other technologies may be available 
that are not considered in this section, but the information presented is intended to be the 

most applicable to the Asarco El Paso Smelter site. 
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4.2.1 Soil ' 

Soils on the Asarco El Paso Smelter site and in the associated study area formed in colluvium 

and fluvial sediments. The colluvial sediments were generated by the erosion of a laccolith 

locally known as the “Campus Andesite.” The laccolith is located to the east of the plant, with 
the sediments laid to the west where it mixes with the fluvial sediments of the Rio Grande. 

Alluvial floodplain deposits are found along the Rio Grande below the smelter site. The 
stream deposits generally consist of silt, sand, and gravel. Surface soils within the Plant have 

been drastically disturbed, affected by the construction and operation-of smelting and ore- 

handling facilities over a period of approximately lll years. In particular, facilities 

construction and the deposition of slag from smelting operations has covered the majority of 
the original surface soils in the study area. The results of the on-site investigation indicate 

the principal source of arsenic and metals in soils to be related to historic smelter features and 

activities associated with the Asarco El Paso Smelter operation. 

Several remedial process options could be considered in developing remedial alternatives for 

the Asarco El Paso Smelter site. Based on the results of the remedial investigation, the 

primary constituents of concem for soil are arsenic, cadmium, lead, and selenium. In some 
cases, specific treatment altematives have been explored for similar smelter sites, and 

treatability test results are briefly discussed where relevant. Bioreclamation is not applicable 

to remediation of inorganics in soil and is not discussed in this section. Cost evaluations are 

relative to other remedial options and are general only. 

4.2.1.1 Isolation/Containment 

Isolation and containment technologies entail isolation of affected soils by excavation and 

removal, isolation through stormwater control, and caps that may include pavement, concrete, 
clay, synthetic liners, or clean soil and revegetation. Of all the remedial technologies 

considered for soil in this proposal for remedial action, source isolation probably has the 

greatest applicability to the Asarco El Paso Smelter site. Consistent with use .of the site for 

industrial purposes, construction methods and materials used in the improvement of the site 

could provide effective isolation and containment of source materials. Potential future 
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redevelopment at affected Plant property to other industrial or commercial uses may be 
consistent with the U.S. Environmental Protection Agency’s Brownfields concept 

(U.S.E.P.A., 1995). 

Asphalt/Concrete Cag 
Capping soil with asphalt or concrete effectively limits potential exposure to arsenic- and 

lead-affected soil and prevents downward percolation of arsenic and metals to the 

groundwater system. This process option is relatively easy to implement, especially if much 
of the site is already paved, or if there are plans for improvement of the site. Cost for asphalt 

or concrete capping is moderate relative to other process options. The relative cost for an 
asphalt cap rangesfrom $8 to $10 per square foot, and approximately $30 per square yard for 

concrete, including base materials but not site preparation and grading. 

Clay and Synthetic Membranes 
_ 

c ‘~ 

Additional options for capping material include clay (e.g., bentonite), that prevents 

infiltration to groundwater but is not implementable by itself in high traffic areas. Synthetic 

membrane capping such as a geomembrane liner prevents infiltration to groundwater and is 
not susceptible to weathering and cracking, unlike asphalt, concrete, and clay/bentonite. 

However, a synthetic membrane is not as easy to implement and is higher in cost. A typical 
cost for a synthetic membrane liner is $0.60 per square foot. Synthetic liners are typically 
used in conjunction with a clean soil cap and a lateral drainage layer of gravel at an additional 

cost of approximately $30 per cubic yard of material. 

Clean Soil and Vegetation 
A clean soil and vegetative cover is a low-cost process option that effectively limits exposure 
to affected soils and reduces the potential for migration of arsenic and metals. The 
effectiveness of limiting infiltration to groundwater is dependent on climate (rainfall and 

evapotranspiration), subsurface lithology, and capping application. The cost of importing 
clean soil for capping purposes is approximately $20 per cubic yard, depending on 
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availability and distance to a suitable source. The cost for establishing a permanent native 
vegetative cover can range from $200 to $800 per acre. 

Stormwater Control 
Surface water control can be accomplished through site grading and the construction of 

ditches, pipelines, sumps and ponds. The construction of stormwater improvements at the 
Asarco El Paso Smelter, referred to as the Stormwater Collection and Reuse Project, are 
scheduled to begin in late 1998 or early 1999 (Dames and Moore, 1998). The new 
stormwater control facilities will effectively isolate surface water from contact with potential 
source areas and will route stormwater to a reuse system. Underground reinforced concrete 
pipe (RCP) stonn drains range from $11 to $30 per linear foot, depending on the size of pipe 
required to handle stormwater runoff from the site. Lined stormwater ponds range from 
$2.00 to $3.50 per square foot. The estimated cost of the entire proposed stonnwater project 
is $9,000,000. 

Excavation and Removal 
Excavation and removal of contaminated soil with a backhoe, in the case of deep excavation, 

or with a front end loader, in the case of shallow excavation, is an effective and easily 

implemented method of remediation and by itself has a relatively low cost. However, 
excavated materials must be appropriately managed. Depending on the characteristics of the 
excavated materials, disposal may be as simple as transporting the materials to an on-site fill, 
placement in an on-site RCRA or solid waste landfill, or may require transport to an off-site 
RCRA or solid waste landfill. Excavated materials may also require treatment prior to 
disposal. Accordingly, excavation treatment options can range in cost from $50 to $500 per 
ton of soil removed. 

4.2.1.2 Physical Treatment 
Physical treatments include soil flushing and washing, acid leaching, chelation, and electro- 

osmosis, but are not considered practical options for the Asarco El Paso smelter site because 
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the costs for these options have not been well defined for large scale use and will not be 

addressed here. 

Soil Flushing! E ashing 
Soil flushing for in-situ treatment, or soil washing of excavated soil, are methods of 
extracting constituents of concem from the surface of the soil. Either is accomplished by 
passing extractant solvents through the affected soil. Solvents may include water, acids or 
bases, chelating agents, and oxidizing or reducing agents. 

Acid Leach Washing 
Acid leach washing has been explored at the Asarco Tacoma Smelter site in Ruston, 

Washington (Hydrometrics, 1992a) for soil containing arsenic and metals. Treatability tests 

for Ruston soil demonstrated modest reductions in soil arsenic and metal concentrations in 
oversized fractions of soil greater than 200 micrometers in size. Separation and washing of 
the oversize fractions resulted in 40 percent to 60 percent reductions in arsenic concentrations 
in soils. There are a number of technical obstacles associated with this treatment, including 
high post-treatment leachability, effective washing of entire soil mass, large water 

requirements, recovery of wash fluids and sludges, treatment of fine grain fraction, and 

treatment and/or disposal of wash fluids and sludges. In-situ obstacles include a high 

potential for groundwater contamination. Well recovery systems would have to be 

implemented in order to contain and recover wash fluids and metals. In addition, soil pores 

can clog, making complete arsenic and metal removal even more difficult. 

Chelation 

Chelating is a physical treatment process in which a chelating chemical is used to solubilize 
metals from soil. Chelating agents are commercially available, and can be chosen for their 

affinity to particular metals. The effectiveness of this treatment is dependent on soil 

chemistry. This method may not work as well for the removal of arsenic as for the removal 
of other metals (Hydrometrics, 1992a). i 
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Electro-osmosis decontamination concentrates or separates ionic species by exposing the 

Electro-Osmosis T 

material to an electric field. In an in-situ process, anodes and cathodes are inserted in the 

ground, and loosely held ions are displaced to their respective electrodes. Heavy metals 
present in soils can be leached or precipitated out of solution by electrolysis, oxidation and 
reduction reactions, or by ionic migration. Soils having higher electrical conductivity, such 

as saturated soils, are more suitable for this treatment. This method has been examined on a 

laboratory scale, and applicability in the field is questionable. Data suggest that electro- 

osmosis decontamination is effective on fine-grained soils of low penneability. Treatment on 
coarse soils such as those found typically at smelter sites showed an arsenic concentration 
reduction of only 10 percent (Hydrometrics, 1992a). 

4.2.1.3 Chemical N eutralization/Fixation/Stabilization
V 

Neutralization/fixation/stabilization processes alter the chemical characteristics of waste 

material such that the toxic and hazardous constituents are immobilized, either by changing 
the constituents into immobile forms, binding them to an immobile, insoluble matrix, and/or 
binding them in a matrix such that the constituents are not exposed on the material surface. 
Chemical treatment methods can employ relatively simple technology, such as the application 
of limestone amendments to adjust pH, to processes that involve more complex soil chemical 
reactions.

' 

Chemical Neutralization 

Chemical neutralization is used to control pH and the mobility of arsenic and other metals in 
soil. A commonly used process is the addition of crushed limestone as a soil amendment. 
Limestone raises the pH of soils in which acidic conditions are limited to shallow soils. In- 

situ application of neutralization agents such as limestone may have limited application for 
some surface soil situations, particularly involving vacant lots that contain affected soils. 
This process would probably not be effective for Plant soils having high arsenic 

concentrations. The costs of application and incorporation of crushed limestone ranges from 
$20 to $60 per acre. 
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Another type of neutralization involves the use of deep tillage. Deep tillage techniques can 
be used to mix arsenic and other metals with naturally-occurring limestone or select additives 
with affected surface soils (Hydrometrics, 1995b). Again, this method is restricted to open 
areas in which arsenic and metal concentrations are distributed in surface soils. In addition, 

this process is not easily implemented if there are numerous subsurface utilities and other 
obstructions. The cost of deep tillage ranges from $125 to $250 per acre plus the cost of the 
amendments. - 

Siliceous Chemicals 

Siliceous chemicals can be used to fix and solidify polyvalent metal ions such as arsenic and 
lead via reactions between silicates and positively charged metals. Several siliceous 

processes are commercially available and have been previously demonstrated to be effective. 
In one process by Chemfix Technologies, Inc., the waste is blended in a reaction vessel with 
water-soluble silicates in the presence of a siliceous setting agent. The resulting three- 

dimensional polymer matrix is characterized by strong ionic bonding and cross-linking 
between layers of silicon-oxygen chains. In limited laboratory scale treatability testing of 

Tacoma plant soils, effective reduction of leachability to below Toxic Characterization 
Leaching Procedure (TCLP) criteria was accomplished using a similar commercial process 
available from Toxco (Hydrometrics, 1992a). This process has been successfully 

implemented at other sites, including several Superfund sites at which metals were of 
concem. This process has been successfully implemented at another smelter site near 

Omaha, Nebraska (Hydrometrics, 1996). Treatment costs range from $100 to $200 per ton of 
soil. 

Pozzolan Processes
q 

In pozzolan processes, arsenic and metals are bound in pozzolan-type matrices by physical 
sorption or chemisorption, yielding a stabilized material. The advantages of this technique 
include plentiful and inexpensive raw materials, improved waste handling, minimal required 
pretreatment, and products adequate for landfill disposal. A disadvantage is that leachate 
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control is variable. Soil chemistry, particularly sulfate and arsenate concentrations, can 

interfere with pozzolan processes; however, there are several commercial venders that have 

successfully used these processes for fixation of arsenic and metals in soils. The lime-based 
pozzolan process stabilizes waste by combination with a large amount of siliceous material 
and a setting agent such as lime, cement or gypsum. Portland cement-based pozzolan 

stabilizes waste by incorporating it in a cement matrix. 

Treatability tests examined three variations of chemical fixation for the soil at the Asarco 

Tacoma Smelter site located in the municipalities of Ruston and Tacoma, Washington 

(Hydrometrics, 1993). The treatments were incorporation of soil into Portland cement, a 

commercial cement-based pozzolan process, and a commercial siliceous-based fixation 

process (Hydrometrics, 1993). Two of the three fixation processes investigated in the 

treatability testing effort were not able to obtain anticipated treatment objectives for arsenic. 
All of the processes investigated were able to successfully immobilize metals, including lead; 
one out of three (commercial cement-based pozzolan process) was successful in achieving 
treatment objectives for arsenic. A commercial cement-based process by Eurocan was able to 
achieve post-treatment TCLP results for arsenic below TCLP criteria of 5 mg/l. Treatment 

costs for this process are high, about four times as high as the anticipated cost associated with 

standard soil cement treatment. 

Treatability testing for cement and lime stabilization of sludge was performed for a former 
process pond at Asarco’s lead smelter in East Helena, Montana (Hydrometrics, 1995a). 

Treatment was achieved that successfully passed TCLP criteria using cement/lime 

combinations at a 30 percent additive ratio. Phosphate addition to the cement, either in the 

form of phosphoric acid or fertilizer, has been shown to dramatically reduce lead mobility in 
soils, reducing leachate lead concentration by two orders of magnitude (Hydrometrics, 

1996a). One drawback is that arsenic is mobilized as a result of phosphate addition. 

In general, stabilization of wastes containing arsenic and other metals, depends on the site- 

specific soil matrix. Consequently, prior to implementation of a particular method, pilot 
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studies are required in order to verify the effectiveness of the treatment technology. Pozzolan 

treatment costs typically range from $50 to $200 per ton of soil. 

4.2.1.4 Thermal Destruction 
Thermal destruction processes do not destroy metals, but they can potentially immobilize 

metals. These technologies generally are more costly than other potential treatment 

altematives because of high energy costs. Many of the processes, such as flame reactor or 
plasma torch vitrification, are still in the development phase, and the practicability of these 

technologies has not yet been completely determined. The use of a blast fumace has been 
effective for soil treatment and disposal, and is a viable option at an active smelter site such 

as the Asarco El Paso Smelter site. 

4.2.1.5 Vitrification Stabilization 

Vitrification is a process that uses either electrical current or fueled oxidation systems to fuse 

soils into a vitrified block. Laboratory and pilot scale field testings indicate that the treatment 

is effective in reducing soil metal leachability; however, this process requires large energy 

inputs and is still in the development phase. 

4.2.2 Groundwater 
As discussed in Section 1.2.4, the aquifer underlying the Plant is composed primarily of 
interbedded and mixed sand, gravels, boulders, and bedrock. Water is derived from the Rio 
Grande and considered separate from the Hueco Bolson and Mesilla Bolson regional 

aquifers. In some cases, such as the floodplain of historical Smeltertown, finer grained 
sediments (silts and clays) exist. Groundwater flow direction is from the cast-northeast to the 
west-southwest. As groundwater approaches the Rio Grande, the direction changes to a 

southerly route, which approximates theidirection of the Rio Grande flow. Depth to 

groundwater is dependent on location within the Plant. The depth of groundwater at the Plant 
is 40 to 60 feet below ground surface (bgs), depending on the elevation of the Plant above the 
floodplain (30 feet to 50 feet). On the Rio Grande floodplain (historical Smelteitown), the 
depth to groundwater is approximately 10 feet bgs. 
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Groundwater in the regional Hueco Bolson aquifer, a source of drinking water for the City of 
El Paso upgradient of the plant, occurs in both the fluvial deposits and the underlying 

lacustrine deposits. The primary source of drinking water for the region is extracted from the 

poorly sorted, irregularly stratified fluvial deposits which outcrop over most of east El Paso 

and range from 400 feet to 1300 feet thick. The deposits consist of unconsolidated sand 
lenses altemating with gravel, silt, and clay. 

Elevated concentrations of arsenic and other metals in groundwater underlying the Plant were 

observed during remedial investigation groundwater monitoring events. Arsenic, and in 

some cases, cadmium, lead, and selenium exceed drinking water MCLs. Dissolved arsenic 

(the primary constituent of concern), concentrations in the groundwater range from 0.005 

mg/1 to 315 mg/1. As discussed in Section 2.3, elevated concentrations of metals in the 
groundwater appear to coincide with areas of elevated metals in soils, pond sediments,'and 
other source areas/materials 

Metal concentrations in the groundwater generally decrease by two or more orders of 
magnitude within a few hundred feet downgradient of the source areas. The rapid decrease in 
concentrations of metals suggest geochemical attenuation may be controlling horizontal metal 
migration in the groundwater system. 

4.2.2.1 Chemical Treatment of Groundwater (Pump and Treat) 
Metals can be removed from groundwater by adjusting the pH to form an insoluble 

precipitate that settles to the bottom of a treatment vessel. Calcium hydroxide (lime), sodium 

hydroxide (caustic soda), and to a lesser extent, magnesium hydroxide, are used singly or in 
combination to achieve the desired pH adjustment. Sulfide polishing is sometimes used as a 

third step, since the solubility of metal sulfides is substantially less than the solubility of 

metal hydroxides (Hydrometrics, 1993). Filtration of the treated water is usually required 

after hydroxide and/or sulfide solution to achieve treatment standards. 
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To achieve removal of arsenic to low concentrations, one and sometimes two modifications 
to the hydroxide precipitation step are required. If arsenic is in the insoluble phase (As (V)), 
it can be precipitated as FeAsO4 and coprecipitated with ferric hydroxide if sufficient ferric 
ions are added to the treated solutions and the pH is subsequently increased to form an 

insoluble precipitate. Iron is commonly added, using ferric chloride or ferric sulfate, the 

correct dosage being determined by laboratory testing. If arsenic exists as the soluble As(H1) 

phase, an oxidizing agent (typically hydrogen peroxide) must be added to oxidize the As(I[I) 
to As(V) before the hydroxide precipitation step. Arsenic has been consistently removed to a 

concentration of 0.015 mg/1 in a 100 gpm treatment plant using this process (I-lydrometrics, 
1996).

V 

Chemical treatment requires the construction and operation of treatment plants. The capital 
required to construct a plant with a capacity to treat 100 gpm ranges from $4.2 million to $7 
million (Modrow, 1995). The cost to operate and maintain a 100 gpm plant ranges from 
$200,000 to $300,000 per year (Modrow, 1995). Handling, storage and shipping of solid 

materials range from $200 to $400 per ton. ' 

4.2.2.2 Groundwater Isolation/Containment ‘ 

Subsurface barriers are designed to isolate or contain contaminated groundwater. A number 
of different technologies exist, including installation of extraction/injection wells, 

interception and infiltration trenches, slurry or clay walls, grout curtains, and concrete walls. 

In a general sense, construction of barriers is extremely costly, and there are numerous 
technical limitations associated with their effectiveness. 

Groundwater Extraction and Injection Wells 
Groundwater pumping techniques involve the active manipulation and management of 
groundwater in order to contain or remove a plume or to adjust groundwater levels to prevent 
formation of a plume. Extraction and injection wells are often used to manage contaminated 
groundwater. The selection of the appropriate well type depends on the depth of 

contamination and on the hydrologic and geologic characteristics of the aquifer. 
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Extraction wells, or a combination of extraction and injection wells, can be used when the 
objective is plume containment or removal. Use of extraction wells alone is best suited to 
situations whereby contaminants are miscible and move readily with water; whereby the 
hydraulic gradient is steep and hydraulic conductivity high; and where quick removal is not 

necessary. Extraction wells are frequently used in combination with slurry walls to prevent 

groundwater from moving over the wall and to minimize leachate contacting and degrading 
the wall. Slurry walls also reduce the amount of contaminated water that requires removal, 
so that costs and pumping time are reduced. 

A combination of extraction wells and injection wells is frequently used in containment or 
removal when the hydraulic gradient is relatively flat and hydraulic conductivities are only 
moderate. One problem with extraction/injection well systems is stagnation zones. The size 
of the stagnation zone is directly related to the amount of overlap between adjacent radii of 
influence; the greater the overlaps, the smaller the dead spots will be. Another problem is 
that injection wells can suffer from many operational problems, including air locks and needs 
for frequent maintenance and well rehabilitation. 

Installation costs for extraction wells and injection wells are approximately $30 per vertical 
linear foot. Operation and maintenance costs for these wells are typically approximately 
$120 per day per well. 

Interception and Infiltration Trenches 
Interception trenches can be excavated to control groundwater gradients and collect 

contaminated waters for containment or treatment. Application is best suited for low 
permeability unconsolidated materials. Infiltration trenches can be used in much the same 
way as infiltration wells. Gradient can be controlled in combination with interception 

trenches. Infiltration trenches also are potentially useful for disposal of treated waters. 

Construction costs for an interception or infiltration trench are approximately $8 per square 

foot. 
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Slurry Walls 

Slurry walls are the most common subsurface barriers because they are a relatively 

inexpensive means of vastly reducing groundwater flow in unconsolidated materials. The 
term “slurry wall” can be applied to a variety of barriers. Slurry walls are all constructed in a 

vertical trench that is excavated under a slurry. This slurry, usually a mixture of bentonite 

and water, acts essentially like a drilling fluid. It hydraulically shores the trench to prevent 

collapse, and, at the same time, forms a filter cake on the trench walls to prevent high fluid 
losses into the surrounding ground. j. 

Slurry wall types are differentiated by the materials used to backfill the slurry trench. Most 
commonly, an engineered-soil mixture is blended with the bentonite slurry and placed in the 
trench to fonn a soil-bentonite (SB) slurry wall. In some cases, the trench is excavated under 
a slurry of Portland cement, bentonite and water, and this mixture is left in the trench to 
harden into a cement-bentonite (CB) slurry wall. In the rare case requiring great strength of a 

subsurface barrier, precast or cast-in-place concrete panels are constructed in the trench to 

form a diaphragm wall. The construction cost for a slun'y wall is approximately $40 per 
square foot. 

Grout Curtains 
Grout curtains are subsurface barriers created in unconsolidated materials by pressure 
injection. Grout barriers can be many times more costly than slurry walls and are generally 
incapable of attaining truly low permeabilities in unconsolidated materials. Recent field 

testing of two chemical grouts revealed significant problems in forming a continuous grout 
barrier due to noncoalescence of grout pods in adjacent holes and grout shrinkage. 

Furthermore, conventional injection grouting is incapable of forming a reliable barrier in 

medium sands, and grout curtains are rarely used for groundwater control in unconsolidated 
materials is desired. 
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Grout curtains, like other barriers, can be applied to a site in various configurations. 

Circumferential placement offers the most complete containment but requires that grouting 

take place in contaminated groundwater downgradient of the source. Chemical reactors in 

groundwater can cause problems with grout set and durability, and this technique requires 

extensive compatibility testing during the feasibility study. Another limitation of grout 

curtains is gaps left in the curtain due to poor grout penetration. Construction costs for a 

grout curtain are approximately $50 per square foot. 

Vibrating Beam 
The vibrating beam method is not an injection technique usually used to install grout 

curtains, but instead is a way of placing grout to generate a wall. In this method, an I-beam is 

vibrated into the desired depth, then raised at a controlled rate. As the beam is raised, grout 
is pumped through a set of nozzles mounted in the beam’s base, entering the newly formed 
cavity. When the cavity is completely filled, the beam is moved less than one beam width 
along the wall, leaving suitable overlap to ensure continuity. The construction cost for 
placing grout to generate a wall is approximately $14 to $25 per square foot depending on 
placement depth. < 

Concrete Walls
. 

Concrete walls can be installed as vertical barriers to groundwater movement. The 
installation is similar to slurry wall construction, with the exception that concrete is used to 

displace the mud slurry used to hold the trench open. Concrete has a narrower range of 

chemical compatibility, and higher permeability than a conventional slurry wall. The 
construction cost for a concrete wall is approximately $50 per square foot. 

Clay Walls
_

_ 

Clay walls can be installed as vertical barriers to groundwater movement. The installation is 
similar to slurry wall construction, with the exception that clay materials are used to displace 

the mud slurry used to hold the trench open. Construction costs for clay walls and slurry 
walls are similar. 
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4.2.2.3 Source Isolation/Removal 

In recent years, attention to groundwater remediation technologies has been drawn away from 
large-scale manipulation of groundwater, such as pump and treat methods and plume barrier 
construction, because of the limited effectiveness and high cost of these processes. This is 

true for dissolved metals, such as arsenic, which are absorbed to aquifer materials and not 

easily removed from groundwater. If the source of contamination is removed or isolated, 
natural processes such as geochemical attenuation and dispersion can reduce contaminant 

concentrations. The time scale for natural processes to occur is highly variable and 

dependent on a number of site specific factors. - 

In reviewing options for soil and groundwater treatment, field implementation of physical 
methods, such as soil flushing or washing, are costly, with numerous technical difficulties 
being associated with them. Chemical neutralization and deep tilling are effective for surface 

soils, but smelter sites typically contain enriched metal concentrations at depth. There may 
be some limited applicability for limestone amendments or deep tilling at the Asarco El Paso 
site. Thermal destruction of lead and arsenic is not practical for the Asarco El Paso site. The 
construction of groundwater barriers could present many problems that are site and technique 
related. Site investigation results suggest that arsenic in the shallow alluvial aquifer is 

attenuated. Installation of barriers is likely a costly and unnecessary measure for plume 
containment. Groundwater removal and treatment, such as chemical hydrolysis and co- 

precipitation is an extremely expensive and difficult procedure. Future consideration of the 

aforementioned treatment options can probably be eliminated. 

Of the methods discussed, source isolation/containment and chemical fixation/stabilization 
are probably the most rational to implement at the El Paso site in terms of cost, technical 

feasibility, and success at similar sites. The use of pavement and concrete caps and 
stormwater improvements that might be constructed in conjunction with site improvement 
projects could effectively isolate source materials from potential contact with surface water 
and eliminate leaching of arsenic and metals and percolation to groundwater. 
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In the case of groundwater, source removal via soil remediation, which either immobilizes 

arsenic and metals or removes them, thereby preventing their leaching into the groundwater, 

allows natural dilution and dispersion to occur. Source isolation or removal is by far the 

most reasonable method of remediating groundwater in tenns of cost and implementabilty. In 
addition, natural processes following source isolation or removal would further reduce the 
potential for leaching of arsenic and metals, and for off-site impacts. If source materials are 

removed as part of a corrective action, on-site containment in an appropriately designed solid 
waste or RCRA compliant landfill would eliminate the need for expensive off-site transport. 

4.3 IDENTIFICATION OF CORRECTIVE ACTION ALTERNATIVES 
In this section of the report, corrective action technologies and process options reviewed in 

Section 4.2 are developed into Corrective Action Alternatives based on their potential to be 

effective and implementable at the Asarco El Paso site. Based on the results of the remedial 

investigation, and information presented in Section 4.2, groundwater does not appear to 

adversely impact surface water resources (American Canal and Rio Grande) and treatment of 

groundwater is not feasible. Therefore, Corrective Action Altematives do not address 

groundwater. The following sections identify and describe applicable Corrective Action 
Alternatives. 

4.3.1 Institutional Controls/Deed Restrictions 

Institutional controls applicable to corrective action at the Asarco El Paso Smelter site 

include the following: 

Q Worker health and safety programs 

0 Deed restrictions 

Through health and safety policies and programs currently in effect at the El Paso smelter, the 
potential for exposure and health hazards is significantly reduced. The health and safety 
program includes required OSHA training and medical monitoring of “Contact Intensive” 
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workers. Medical monitoring for lead, cadmium, and arsenic ensures that workers are not at 
risk. 

Deed restrictions are legal mechanisms that prevent specific uses or activities on the property. 
The Asarco El Paso smelter is currently zoned for industrial use as are adjacent properties. 
As an operating facility, access to the smelter is controlled. A security system, which 
controls access at the plant entrance, and a fence enclosing the entire smelter property, limit 
access to only appropriately trained visitors and workers. 

In addition, the Plant has instituted a new contractor Health and Safety program. The 
program includes specific training regarding health and safety issues, respirator fit tests, and 
maintaining files regarding biomonitoring of individual contractor employees. The training 
and file maintenance are updated on an annual basis. 

4.3.2 Containment T 

Containment alternatives applicable to corrective action at the El Paso smelter site include: 

0 Capping 

0 Surface control 

Capping entails covering source areas with Category H materials with an engineered barrier 
to prevent the infiltration of surface water through smelter materials, thereby reducing 
potential impacts to groundwater (Category H materials have not been identified as impacting 
groundwater, but have the potential to do so), the potential for direct contact by workers, and 
the potential for wind-blown dust. Capping systems could include clean soil/vegetation, 
geosynthetic liners (GCL), flexible membrane liners (FML), pavement, and concrete. These 
may be used as a single application or in combination depending on the type of 
operations/activities and conditions occurring/existent at a specific source area. For example, 
a source area subject to heavy traffic would be capped with asphalt or concrete. An open area 
may be capped with a GCL and/or clean soil and vegetated. The foundation area of an acid 
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plant might require a combination of concrete structures and a FML to contain leaks and 
eliminate the potential for fluids to infiltrate and percolate through subgrade materials. In 

ases, existing buildings and paved or concreted roadways or storage areas currently 
provide a cap, and simple upgrades could increase their effectiveness as barriers. 

Surface control entails altering the topography and hydrology of the site to control surface 

water and minimize erosion. A detailed design for stormwater system improvements 
(Stormwater Collection and Reuse Project) at the Asarco El Paso smelter has been completed 
(Dames and Moore, 1998). These improvements, which include a lined impoundment, 
sumps, pumping systems, pipelines, and storage tanks are scheduled for construction 

beginning in late 1998 or early 1999 and are shown in Figure 4-1. In conjunction with the 

construction of the stormwater improvements, the existing ponds in Investigation Area 9, 
which are a potential source of metals to groundwater, will be dried up, their sediments 
removed, and closed. The new stormwater system will effectively prevent the infiltration of 
surface water through smelter materials and the potential off-site transport of smelter 

materials in runoff. 

4.3.3 Removal/Disposal 

Removal/disposal alternatives applicable to corrective action at the Asarco El Paso smelter 
site include: 

I Excavation 

0 On-site disposal 

Category I materials are typically present in the upper few feet of the surface, but may occur 
at greater depths in some cases. Excavation will be accomplished by conventional methods 
using earthmoving equipment, including backhoes, scrapers, front-end loaders, and trucks. 

The excavation of Category I materials effectively prevents direct exposure and minimizes 
migration of arsenic and metals from source materials to groundwater, compared to current 
conditions. Excavated Category I materials will be disposed of in on-site repositories 
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4.4 CORRECTIVE ACTION MEASURES 
As discussed under Section 4.3, Corrective Action Altematives were selected for the Plant 
based on effectiveness, implementability, and cost, and include the following: 

0 Institutional Controls/Deed Restrictions 

I Containment (Category H materials) 

0 Removal/Disposal (Category I materials) 

I Conduct Long-Term Monitoring (Groundwater and Surface Water). 

Based on an evaluation of initial remedial investigation/site characterization results, fate and 
transport mechanisms, risk assessment, and the relationship between smelter operations and 
potential source areas and materials, these Corrective Action Altematives are expected to 
adequately address Corrective Action Objectives. As stated in Section 4.1.2 of this report, 
Corrective Action Objectives for the Plant include: 

1. Reduce the potential for exposure to metals by Plant workers and the public. 

2. Minimize the potential for transport of metals to the groundwater. 

3. Prevent increases in metal concentrations in the American Canal and Rio Grande 
resulting from the migration of metals in groundwater, surface water, and wind blown 
dust from the Plant. 

This section of the report identifies and defines specific Corrective Action Measures that 
would be taken to remediate source areas and achieve Corrective Action Objectives. The 
Corrective Action Measures presented in this section are conceptual only. Additional soil, 

surface water, and groundwater investigations are required to more accurately define and 
delineate source areas, materials, and volumes. Accordingly, the costs associated with 
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Corrective Action Measures, which are presented in Section 4.4.11, are estimates and 

considered accurate to within plus or minus 25 to 30 percent. 

4.4.1 Converter Building/Baghouse Area (Investigation Area 1) 
Corrective Action Measures for Investigation Area l consist of the following: 

0 Engineering controls to reduce or eliminate the occurrence of releases from the Acid 
Plant Mist Precipitator. 

0 Demolish and replace Medford sump (Stormwater Collection and Reuse Project). 

0 Excavation of Category I materials. 

0 Backfill excavated areas with crushed copper slag. 

I Grade area to improve surface drainage. 

¢ Construct asphalt pavement/FCL cap over excavated areas. 

Q Disposal of Category I materials in on-site repositories. 

A conceptual illustration of Corrective Action Measures for Investigation Area 1 is in Figure 
4-2. Preliminary cost estimates for Investigation Area 1 Corrective Action Measures are 

summarized in Section 4.4.11. Surface control improvements in this area, which are part of 
the Stormwater Collection and Reuse Project are illustrated in Figure 4-l. 

4.4.2 Boneyard/Slag Storage (Investigation Area 2) 
Corrective Action Measures for Investigation Area 2 consist of the following: 

v Debris clean-up 

¢ Surface drainage improvements (site grading) 

0 Excavation of Category I materials 

0 Disposal of Category I materials in on-site repositories. 
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Corrective Action Measures have not been defined for potential source materials at depth 

(below the slag) beneath the boneyard. Additional soil investigations are required to 

determine the location, extent, and characteristics of source materials in this area before 

Corrective Action Measures can be formulated. Additional investigations are discussed in 

Section 4.5. A conceptual illustration of Corrective Action Measures for Investigation Area 2 

is in Figure 4-3. Preliminary cost estimates for Investigation Area 2 Corrective Action 
Measures are summarized in Section 4.4.11. 

4.4.3 Acid Plants 1 and 2 (Investigation Area 3) 
Corrective Action Measures for Investigation Area 3 consist of the following: 

0 Engineering controls to reduce or eliminate the occurrence of releases from the acid 
plants. 

0 Line and resurface the floor of Acid Plant Mist Precipitator building and construct 
perimeter sill for secondary containment. 

1 Construction lined secondary containment around acid plants. 

0 Excavation of Category I materials (if required as part of secondary containment 

construction). 

~ Disposal of Category I materials in on-site repositories. 

A conceptual illustration of Corrective Action Measures for Investigation Area 3 is in Figure 
4-4. Preliminary cost estimates for Investigation Area 3 Corrective Action Measures are 
summarized in Section 4.4.11. 

4.4.4 Front Slope/Western Plant Boundary (Investigation Area 4) 
Corrective Action Measures for Investigation Area 4 consist of the following: 

0 Debris clean-up 
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0 Excavation of Category I materials 

Q Backfill excavated areas with clean soil 

¢ Disposal of Category I materials in on-site repositories 

0 Cap replacement soil area with asphalt or gravel 

Q Construct drainage collection system. 

A conceptual illustration of Corrective Action Measures for Investigation Area 4 is in Figure 
4-5. Preliminary cost estimates for Investigation Area 4 Corrective Action Measures are 

summarized in Section 4.4.11. 

4.4.5 Historic Smelter Town (Investigation Area 5) ' 

Corrective Action Measures for Investigation Area 5 consist of the following: 

0 Deep till soils with elevated metal concentrations in the surface 12 inches. 

¢ Excavate soils where metal concentrations are elevated at depths greater than 12 

inches bgs to a total depth of 24 inches. 

1 Backfill excavated areas with clean soil. 

v Haul excavated soils to Plant for use as construction fill. 

0 Stabilize Investigation Area 5 soils with native vegetation. 

A conceptual illustration of Corrective Action Measures for Investigation Area 5 is in Figure 
4-6. Preliminary cost estimates for Investigation Area 4 Corrective Action Measures are 
summarized in Section 4.4.11. Additional Corrective Action Measures for Investigation Area 

5 may include redevelopment of the site for commercial or industrial use. In this case, soil 

remediation would not be necessary. Site grading, stormwater improvements, buildings, and 

paved parking areas would provide a protective cap to isolate source materials and eliminate 
transport pathways. . 
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4.4.6 Groundwater (Investigation Area 6) 
Corrective Action Measures for Investigation Area 6 consists of long-term groundwater 

monitoring. Groundwater is not used as a source of drinking water and does not appear to be 

a source of metals to the American Canal or Rio Grande. 

4.4.7 Surface Water (Investigation Area 7) 
Corrective Action Measures for Investigation Area 7 consists of long-term surface water 

monitoring. 

4.4.8 Unloading/Bedding Buildings (Investigation Area 8) 
Corrective Action Measures for Investigation Area 8 consists of the following: 

0 Pick up and replace railroad track. 

¢ Construct concrete slab (cap) to replace ballast. 

0 Construct asphalt/FML cap for other areas. 

0 Construct drainage control features (drainage collection system). 

v Materials excavated (i.e. old ballast) as part of cap construction will be placed under 

the cap. ‘ 

Based on the results of the remedial investigation, soils in Investigation Area 8 do not appear 
to be a source of metals to groundwater. Therefore, they will not be excavated and disposed 

of in on-site repositories. All Investigation Area 8 soils will be maintained under protective 
caps. A conceptual illustration of Corrective Action Measures for Investigation Area 8 is in 
Figure 4-7. Preliminary cost estimates for Investigation Area 8 Corrective Action Measures 
are summarized in Section 4.4.11. 
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4.4.9 Ponds 1, 5 and 6 (Investigation Area 9) 
Corrective Action Measures for Investigation Area 9 consists of the following: 

0 Excavate existing sediments. 

0 Dewater sediments (surface drying pads). 

0 Recover copper in sediments from Ponds 5 and 6 by recycling through smelter. 

0 Construct repository in depressional areas of original ponds. 

0 Reshape ponds for repository configuration. 

Q Place and compact dried sediments from Pond 1 in on-site repositories. 

Q Create paved parking/staging area or green spaces on surface of closed repositories. 

The copper content in sediments from Ponds 5 and 6 are high enough (greater than 5 percent) 
to justify smelting to recover copper. Converting the process ponds to lined repositories for 
disposal of excavated Class I materials makes use of existing depressions and reduces 
construction costs. In addition, the ponds are well above the groundwater. A conceptual 
illustration of Corrective Action Measures for Investigation Area 9 is in Figure 4-8 and 

Figure 4-9. Preliminary cost estimates for Investigation Area 9 Corrective Action Measures 
are summarized in Section 4.4.11. 

4.4.10 Stormwater Drain (Investigation Area 10) 
Corrective Action Measures for Investigation Area 10 consists of the following: 

0 Rebuild the first 200 feet of the plant entrance road. 

v Demolish and replace existing sumps. 

0 Regrade area to divert water away from American canal and to the new sumps. 

0 Landscape (xeriscape) regraded areas with gravel and native vegetation. 
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The rebuilding of the plant entrance road, and the demolition and replacement of sumps, is 
part of the Stormwater Collection and Reuse Project (see Figure 4-1). A conceptual 
illustration of Corrective Action Measures for Investigation Area 10 is in Figure 4-10. 

Preliminary cost estimates for Investigation Area 10 Corrective Action Measures are 

summarized in Section 4.4.11. 

4.4.11 Corrective Action Measure Cost Estimates 
This section of the report provides preliminary cost estimates for Corrective Action Measures 

described in the preceding sections for Investigation Areas 1, 2, 3, 4, 5, 8, 9, and 10. The cost 
estimates are based on the results of initial remedial investigation (site characterization) 

studies. Additional soil investigations are required to refine quantities (i.e. areas and 

volumes) and associated costs. Therefore, the costs are feasibility study level (order of 

magnitude) estimates for Corrective Action Measures accurate to within plus or minus 25 to 
30 percent. Estimated costs for Corrective Action Measures are summarized in Table 4-1 for 
each Investigation Area. Quantities and detailed backup for cost estimates are in 

Appendix M. 

Total construction cost estimates (Corrective Action Measures for Investigation Areas 

1,2,3,4,5,8,9 and 10) including base construction, mobilization, sales tax, and a health and 

safety premium total approximately $6,450,000. Non-construction costs included in the cost 

estimates total approximately $4,150,000 and include a 25 percent scope contingency 

(approximately $1,400,000), engineering design and oversite (approximately $1,800,000), 
monitoring/O&M (approximately $250,000) and other miscellaneous costs (approximately 
$700,000). 

Long-term surface water and groundwater monitoring (Corrective Measures for Investigation 

Areas 6 and 7) are estimated at approximately $250,000 per year for an assumed period of 15 

years. 
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4.5 PROPOSED ADDITIONAL REMEDIAL INVESTIGATION ACTIVITIES AND 
AREAS 

An additional phase of investigation is recommended to better delineate soil, surface water 
and groundwater impacts at the Asarco El Paso Copper Smelter. The recommended work 
expands the original 10 investigation areas designated by the TNRCC to 14 investigation 
areas. The second phase of investigation will help estimate the location and volume of 

affected soils in potential source areas and determine whether the four new investigation 
areas are a source of metals to the groundwater. 

The initial remedial investigation included using monitor wells installed specifically as part 
of the two diesel release investigations. Construction activities during the installation of the 

wells did not include collection of soil samples for metals concentrations. The wells were 
located to best monitor diesel releases, but were not able to also act as monitor wells for other 

source areas. The locations of the 22 monitor wells installed specifically for the Remedial 
Investigation were selected to monitor potential impacts from facility operations within an 

investigation area and to investigate hydrogeologic conditions. Many of these locations 
confirmed that certain plant operations have contributed to the affected groundwater, 

however, the source(s) of metals in groundwater at several of the locations (i.e., EP-84 and 
EP-87) have not been identified and require further delineation. 

Soil sampling was conducted during the initial Remedial Investigation. The first five feet 
below ground surface were sampled for most boreholes; however, samples were collected to 

groundwater in ten boreholes. Additional sampling is proposed to better evaluate the vertical 

extent of metals in soil. 

A summary of proposed additional sampling is presented in Table 4-2, including the four 
additional investigation areas. Exhibit 2 illustrates the areas that are to be investigated as part 

of the second phase of the Remedial Investigation. Exhibit 2 also includes the approximate 

locations of shallow soil borings, deep borings to be advanced to the water table, and 

locations for additional monitor wells. The locations of all the borings and monitor wells 
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were chosen based on available soil, surface water and groundwater data. The investigation 
and sampling protocol will be in accordance with those described in the TNRCC approved 
Remedial Investigation Work Plan (Hydrometrics, I996). The proposed activities are 

described below. 

Investigation Area 1 - Converter Baghouse - Medford Sump Area i 

Subsurface soils near the Medford Sump contain concentrations of lead greater than 20,000 
mg/kg. It is recommended that a second phase of investigation be conducted in the Medford 
Sump Area. Three soil borings are proposed for this investigation area. The soil borings will 
be sampled every five feet to groundwater. Because current soil data indicate increasing 

concentrations of arsenic and lead with depth, one soil boring will be converted into a 

monitor well. 

Investigation Area 2 - Boneyard/Slag Storage Area 
Six additional boreholes are proposed to determine the extent of elevated metal 

concentrations in soil and to identify the former material storage location undemeath the 
Lead Slag. During drilling, samples will be collected starting at the soils undemeath the slag. 
The borings will be advanced to the water table. The three monitor wells currently located in 
the Boneyard (EP-53, EP-75 and EP-76) will be sampled quarterly during the next phase of 
work. - ~ 

The Slag Storage Area has been designated as Investigation Area 12 and is discussed 

separately. 

Investigation Area 3 - Acid Plants Nos. 1 and 2 

An additional eight soil borings advanceduto groundwater are recommended for this area. 
Soil, where present underneath the slag, will be sampled every five feet and analyzed for 
metals. No additional monitor wells are proposed. 
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Investigation Area 5 - Smeltertown 
During the second phase of investigation, Investigation Area 5 will be expanded. The initial 
Smeltertown investigation included an area from the American Canal to a fence that 

paralleled Paisano Drive. This area will be expanded from the American Canal to the Rio 

Grande. Due to the occurrence of arsenic in several downgradient wells (EP-62 and EP-66), 
three additional monitor wells will be installed in the area between the American Canal and 

the Rio Grande. 

Investigation Area 6 - Groundwater 
For the calendar year August 1998 to May 1999, four quarters of monitoring and sampling 
are scheduled. All current monitor wells will be included, and the sampling event will begin 

in the Fall 1998. Wells EP-8 and EP-42 will be monitored and newly constructed wells will 
be added during the second phase of investigation. During the subsequent year of 

monitoring, the parameters and the frequency of sampling will be evaluated. 

Investigation Area 7 - Surface Water 
Surface water locations initially sampled during the Remedial Investigation (i.e., SEP-1, 

SEP-2, SEP-3, SEP-4, SEP-7, SEP-9, SEP-10, SEP-ll, SEP-12, SEP-13 and SEP-14) will 
continue to be monitored on a quarterly basis. These sites represent locations in the 

American Canal, Rio Grande and the closed depression area. Sediment samples will also be 

collected from these locations one time during the monitoring period. Sediments at sample 

locations in the Rio Grande will be analyzed for metals. Sediment samples will also be 

collected and analyzed at monitor locations in the American Canal. Sediment samples will 

only be collected during low or no flow periods in the American Canal due to safety 

concems. During the subsequent year of monitoring, the parameters and frequency of 

sampling will be evaluated.
_ 

The two on-site process ponds will be included in the quarterly surface water sampling events 
as long as there is sufficient water in the ponds. 
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Investigation Area 8 - Bedding and Unloading Buildings 
Soils at the bedding and unloading operations have some of the highest concentrations of 
arsenic and lead measured at the Plant. An additional nine boreholes will be drilled to 
groundwater, and soil samples will be collected at five-foot intervals and analyzed for metals. 

When slag is encountered in boreholes, it will be logged but not sampled. 

Investigation Area 9 - Ponds 1, 5 and 6 

Ponds l, 5 and 6 were originally proposed as part of the Remedial Investigation 

(Hydrometrics, 1996), but were removed from the investigation because of the upcoming 
Stormwater Control and Water Reuse Project. The pond investigation is expected to begin 
when the water from each pond is removed, and the bottom sediments allowed to dry. When 
the bottom sediments are dry enough to safely sample, the investigation of the pond will 
begin. All three pond investigations are expected to be completed by January 2000. 

Investigation Area 10 - Plant Entrance - Stormwater Sump 
It is recommended that one monitor well be installed west of the sump area due to elevated 
concentrations of arsenic in borehole samples (SSENT-8). The well will be sampled after 
rain events as well as on a quarterly basis to evaluate potential impacts. 

Investigation Area 11 - EP-84 (Southern Arroyo) 
Monitor well EP-84 was initially installed in the arroyo system located east of the operating 
plant area to measure background conditions. However, arsenic in groundwater samples 
from monitor well EP-84 exceeded the MCL. The arroyo is a potential source area because 
of historical use as a slag storage area and temporary storage area for plant debris. 

Thirty additional soil borings are recommended for Investigation Area ll for the next phase 
of investigation. Twenty soil borings will be sampled every foot to total depthsiof five feet, 
and ten borings will be advanced to groundwater. The borings will be located primarily 
within the limits of the southern arroyo, with only 10 of the borings being located in the 

northem arroyo. - 
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Four of the borings advanced to the water table will be convened into monitor wells. The 
wells will be located upgradient and downgradient of wells EP-84 and EP-87. 

Investigation Area 12 — Closed Depression and Pond Sediment Storage Area 
The closed depression (SEP-l4) and the Pond Sediment Storage Area have been identified as 
a separate investigation area.‘ These features are located in the northem reaches of the 
original Investigation Area 2, and may be potential source areas downgradient of the Parker 
Brothers Arroyo. 

The closed depression area north of the No. 9 Bridge is an impoundment created by the 
railroad track beds that have crossed the expanse of an arroyo. Water accumulates in the 
impoundment during heavy precipitation events. Since the start of the Remedial 
Investigation sampling, there has not been sufficient rainfall to collect a sample. It is 

recommended that five additional borings be drilled laterally and upgradient of well EP-78 to 
determine the extent of affected soil. One of the borings will be located in the arroyo 
upgradient of the closed depression and will serve as a background location. 

The Pond Sediment Storage Area, located to the south of the No. 9 Bridge, is a bermed 
impoundment for sediments dredged from Ponds 1, 5 and 6. The Pond Sediment Storage 
Area is located in the southern branch of an arroyo system that extends to the east towards 
EP-84. Six additional soil borings are recommended, including one borehole drilled to 

groundwater and converted to a monitor well. The borehole data will be used to characterize 
subsurface soils and evaluate potential impacts to adjacent soils. The proposed monitor well 
will be installed downgradient of the Pond Sediment Storage Area to evaluate groundwater 
conditions.

V 

Investigation Area 13 - EP-13 (Sample Mill Area) 
The area around monitor well EP-13 is the sample mill and blister copper storage area. This 

area has been previously designated as a feed material process area and a chlorine leach plant. 
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The chlorine leaching operations may have impacted soil and groundwater in this area. 

Arsenic concentrations averaged 45 mg/l in well EP-13 during the first four quarters of 

sampling. 

The source of metals in groundwater needs to be further evaluated. Five additional soil 

borings drilled to groundwater in the vicinity of well EP-13 are recommended. Soil samples 

will be collected at 5-foot intervals. Any slag encountered will not be sampled. Three of the 
soil borings will be converted into monitor wells and added to the quarterly groundwater 

sampling schedule. .

I 

Investigation Area 14 - South Terrace Area 
The South Terrace Area is located southwest of the Unloading and Bedding Buildings and 

has historically been an area for storage of ore concentrates, flux materials, plant construction 
material and demolition debris. Some time ago, the northern portion of the area was formerly 
used as housing for the Plant staff. 

Within the central and westem portion of the South Terrace Area is a former arroyo which 
has been backfilled with slag. Groundwater samples collected from well EP—20, located at 

the headwaters of the arroyo, have elevated concentrations of arsenic. Further investigation is 

needed to evaluate if soil in the arroyo is the source of elevated arsenic concentrations 

downgradient. 

Eight additional soil borings in areas of past operations and within the arroyo are proposed. 

Soil samples will be collected from 5-foot intervals and analyzed for metals. Slag samples 

will not be collected. 

4.6 CORRECTIVE ACTION MEASURES SCHEDULE 
A detailed schedule for implementation of Corrective Action Measures is in Exhibit 3. 
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5.0 SUMMARY AND CONCLUSIONS 

Site characterization activities at the subject Plant for this RI were performed at ten 

Investigation Areas pursuant to the Agreed Order. 

Surface water bodies located near the Plant are the Rio Grande and the American Canal. 

Groundwater in the project area generally flows west toward the Rio Grande, and occurs 
at depths ranging from 40 to 60 feet bgs beneath the Plant to about ten feet bgs in wells 

adjacent to the Rio Grande. 

Groundwater underlying the Plant and in the vicinity of the Plant is not used for drinking 

water purposes. The nearest domestic well is approximately one-half mile north and 

upgradient from the Plant. 

Two diesel fuel spills occurred at the Plant (Diesel No. 1 and Diesel No. 2 Remedial 

Areas) where diesel is present in subsurface materials. Diesel No. 1 is being successfully 

remediated under a separate Enforcement Order. Diesel No. 2 is being remediated as a 

voluntary effort. 

Based on borehole sample results from monitor well EP-86 (the most representative 

background location), elevated concentrations of metals occur in soils at the Plant. 

Arsenic, cadmium, lead, and selenium are* the predominant Constituents of Concem in 
soil at the Plant and are associated with current and historic smelter operations. No 
regulatory standards have been established for these constituents in soil. 
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Limited occurrences of arsenic, cadmium and selenium above primary drinking water 

standards were detected in surface water samples collected at two downstream locations 

in the American Canal during low flow conditions. Arsenic was detected at a maximum 
concentration of 0.82 mg/1 at these locations during the November 1997 and February 
1998 sampling events. Cadmium was detected once above its MCL at one location in 
February 1998. Selenium was detected at both locations during the November 1997 and 

February 1998 sampling events with a maximum concentration of 0.2 mg/1. Because of 

reduced flow in the American Canal during the winter months, these samples are not 
considered to be representative of water in the American Canal. 

No Constituents were detected above MCLs in surface water samples collected from the 
Rio Grande. 

Primary drinking water standards for arsenic, cadmium and selenium were exceeded in 
one or more groundwater samples, plus plead exceeded the Federal Action Level. Arsenic 

was detected above its MCL in 48. groundwater monitor wells. The maximum 
concentration of arsenic was 464 mg/l in samples from monitor well EP-49. Cadmium 
was detected above its MCL in 11 groundwater monitor wells with a maximum 
concentration of 43 mg/1 also in monitor well EP-49. Selenium was detected above its 

MCL in 50 groundwater wells with amaximum concentration of 7 mg/l in a sample from 
monitor well EP-13. Lead was detected above the action level in nine wells, the 

maximum concentrations was 0.86 mg/l. 

Arsenic isiconsidered the primary Constituent of Concem in groundwater at the Plant due F
5 

to its widespread occurrence above the MCL. 

The strong spatial correlation between arsenic concentrations in near surface soil and 

arsenic concentrations in groundwater suggests that arsenic migration within the aquifer 

is minimal. 
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Source materials occur primarily in the near surface and are not in direct contact with 

groundwater. This suggests that arsenic and other metals have been transported to the 

groundwater through the unsaturated zone in response to precipitation and other sources 

of recharge. 

Based on an evaluation of water chemistry data, groundwater from the Plant has not 
impacted water quality in the American Canal and the Rio Grande. 

Fate and transport simulations using site-specific data indicate that impacts to the Rio 

Grande from arsenic migration may occur if source areas/materials on the Plant are not 
removed or isolated. 

Materials associated with potential source areas are separated into three Categories (I, II 

and IH) based on metal concentrations, distribution and volume of materials, visual 

characteristics, impacts to water resources, and degree of potential toxicity. 

Category I materials are residual byproducts from current and past smelter operations and 
are associated with distinctly elevated concentrations of metals in underlying 

groundwater. Category I materials include but are not limited to the following: 

¢ Sulfuric Acid. 

0 Acid Plant Scrubber Water/Solids (from leaks, etc.). 

0 Acid Plant Water Treatment Plant Filter Cake. 

I Liquid leakage from process gas flues going to the Acid Plants. 

0 Leachate from Sulfuric Acid Reacting with Slag Fill Material. 

0 Cottrell Dusts (Reverb, Roaster, Converter, ConTop, Sinter Plant). 

0 Spray Chamber Dusts (Reverb, Roaster, Converter, ConTop). 

0 Converter Building Ventilation Baghouse Dust. 
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0 Baghouse and other dusts from former Lead Plant and Sinter Plant Operations. ' 0 Feed Materials, including lead and copper concentrates, East Helena speiss and 

matte. 

~ Fines in the Slag Storage Area. 

v Category H materials are large volumes of diluted residual by-products (most of the same 
materials listed as Category I) and debris from demolition of smelter facilities with 

residual concentrations of metals. Category ll materials do not currently represent a 

source of metals to the underlying groundwater but could become a potential source in the 
future if conditions on the surface are not properly managed. 

' Category HI materials are copper slag and unfumed lead slag. 

1 The Plant is underlain by arroyos that have been backfilled with soil, slag, and other 

' materials. 1The arroyos appear to channel and control the flow of groundwater and 
migration of constituents beneath the plant. ; 

1 Groundwater in backfilled arroyos underlying Medford Sump, Acid Plants No. 1 and No. 
2, the No. 2 Acid Plant Mist Precipitator, and Ponds l, 5 and 6 has elevated 

concentrations of metals. The arroyos appear to have accumulated metals from these 
source areas. e» 

0 Soil associated with the Unloading and Bedding Building facilities, which are not 

constructed over a backfilled arroyo, have elevated concentrations of metals at the surface 

but do not appear to have impacted underlying groundwater compared to source 

areas/facilities constructed over backfilled arroyos. .
_ 

~ Additional soil and groundwater investigations are recommended to better define and: 
evaluate source areas. 7‘ 
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Q The results of the Risk Evaluation conclude no imminent health threats exist at the Plant 
because risks are appropriately managed. 

0 Metal concentrations in surface water (American Canal and Rio Grande) are below 
health-based levels of concem (MCLs) and Fresh Water Chronic Criteria. 

v Corrective Action Objectives include the following: 

l. Reduce the potential for exposure to metals by Plant workers and the public. 

2. Minimize the potential for transport of metals to groundwater. 

3. Prevent increases in metal concentrations in the American Canal and Rio Grande 
resulting from the migration of metals in groundwater and/or wind blown dust from 
the Plant. 

' 0 Specific Corrective Action Measures to remediate source areas were developed from 
Corrective Action Altematives. Corrective Action Altematives were selected after an 
evaluation of Corrective Action Technology and Process Options based on effectiveness, 
implementability, and cost. Corrective Action Altematives applicable to the Plant 

include the following: 

l. Institutional controls/deed restrictions (worker health and safety programs). 

2. Containment (capping and surface control). 

3. Removal/disposal (excavation and on-site disposal). 

4. Long-term surface water and groundwater Monitoring. 

0 Capping and surface control altematives apply to Category H materials and excavation 
and on-site disposal altematives apply to Category I materials. 

H:\FlLES\l 28\0734\R IREPORT\[NTDRAF2.DOC.DOC\TUC\l 0/6/98\065 
5-5



'7 

‘ . 

0 . 

O r 

H:\FlLES\ l 28\0734\RIREPOR'I\INTDRAF2.DOC.DOC\TUC\l0/6/98\065 

Corrective Action Alternatives and Measures do not apply to Category III materials 

(slag), which will be managed in place or crushed and used as backfill for remedial 

construction. 

When completed, the Stormwater Collection and Reuse Project, along with other 

secondary spill containment, stormwater management, best management practices and 
discharge control technology elements currently in place, will effectively reduce transport 

of metals to groundwater and surface water. 

Sediments from Ponds 5 and 6 are sufficiently high in copper to warrant smelting to 

recover the copper. It is recommended that Ponds 1, 5 and 6 be reworked and converted 

to lined on-site repositories for the disposal of Category I and other materials as 

appropriate. 

Order-of-magnitude (plus or minus 25 to 30 percent) Corrective Action Measures costs 

for Investigation Areas 1, 2, 3, 4, 5, 8, 9, and 10 are approximately $6,450,000 for 

construction items and an additional $4,150,000 for non-construction items, including a 

25 percent scope contingency, engineering design and oversight, O&M, and other 

miscellaneous costs. 

Corrective Action Measures costs for Investigation Areas 6 and 7 (long-term monitoring) 

are estimated at approximately $250,000 per year for a total of 15 years. 

The Corrective Action Measures implementation schedule for the 10 Investigation Areas 
has a total duration of 424 days and starts in June 1999. 

Additional soil, groundwater, surface water and other types of data may be warranted to 
identify other potential source areas, better define the nature and extent of known source

5 
/areas and better evaluate off-site risks. 4 

. 
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TABLE 1-1. SUMMARY OF HISTORIC OPERATIONS, ACTIONS AND REPORTS 
Date 

. Action/Report 
1887 Lead plant founded. 
l91O’s Copper smelter added. 
193O’s Godfrey roaster for cadmium added. 
1948 Zinc fuming fumace added. 
1972 Acid Plant 1 constructed. 

1976 Antimony plant added. 
1978 Acid Plant 2 constructed. 
1979 Sinter plant and unloading/bedding systems added. 
1985 Lead plant closed. Currently being removed. . 

1985, August Asarco/T N RCC compliance agreement to investigate potential leakage 
of Ponds 1 and 6. 

1985, September 27 Hydro-Search, Inc. Report: Regional and Local Hydrology at the El 
Paso Plant. Prepared to comply with compliance agreement. 

1985, October 10 Hydro-Search, Inc. Report: Groundwater Monitoring Plan, Asarco, Inc. 
El Paso Plant. Prepared to comply with compliance agreement.

9 

1985, November 15 Hydro-Search, Inc. Report: Liner Investigation, ASARCO, Inc. El Paso 
Plant. Prepared to comply with compliance agreement. 

1986 Antimony plant closed. Building has been remodeled. 
1990, February 7 Intemational Boundary and Water Commission workers noticed 

petroleum hydrocarbons seeping into the American Canal. 
Hydrometrics, Raba-Kistner Consultants and Applied Earth Science 
enlisted to investigate spill. 

1990, March 14 State of Texas provides Asarco with Notice to Proceed regarding 
investigations of metals down gradient of Ponds 1 and 6. 

1990, March 30 Hydrometrics began investigation activities for Diesel 2 spill. 
1990, May 19 Nine monitoring wells were installed down gradient of Ponds 1 and 6, 

and quarterly monitoring began. 
1992 Design and construction of Diesel Number l recovery system. 

Cadmium plant closed. Currently being removed. Zinc fumace closed. 
Currently being removed. 

1993 CONTOP copper process added. 
1994 Design and construction of Diesel Number 2 recovery system. 
1996 Began design of storm water improvements.

_ 

1996, August 29 TNRCC issues Agreed Order requiring remedial investigation. 
1997-1998 Remedial Investigation field activities conducted. 

I-I:FILES\l 28\0734\RIREPORT\TABLES\ l TABLES.DOC\TUC\l 0/2/98\O65



TABLE 1-2. FACILITY REGULATORY PERMIT INFORMATION 

Permit N0. Permit Type Issuing Facility 
Agency 

20345 Air TNRCC Primary Copper Smelter (CONTOP 
Project) 

4151 Air TNRCC Ore Unloading and Storage Facility 

WQO2321 Water TNRCC Industrial Wastewater 

TXR05A301 Water EPA Plant Storm Water 

3 1235(1) Solid Waste TNRCC Solid Waste Generator 
Notes: (1) TNRCC Notice of Registration Number 
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TABLE 1-3. ACTIVE SOLID WASTE MANAGEMENT UNITS 
Unit » . . . 

D 

Number Unit Description 

011 Bulk Pneumatic Trailer for Resource Conservation Company (RCC) 
Spray Dryer Solids (Acid Plant water treatment system) 

012 Drum Management Area - fenced area used to accumulate miscellaneous 
storage containers 

013 Paint shop satellite accumulation/storage area 

014 Auto shop satellite accumulation storage area 

015 Acid Plant accumulation area 

O16 Unloading/Bedding Wastewater Treatment Plant 

O17 PCB Storage Building 

O18 Container storage area for miscellaneous refuse containers 

Container storage area - Security Building Bunker ‘ 019 

I 

020 Bulk Hopper for Spray Dryer Solids 

021 Container Storage Area in Laboratory 

022 Container Storage Area in Health Clinic 

023 21 Hazardous trash hoppers in miscellaneous areas of plant site 

024 55-gallon drum used at Laboratory for satellite accumulation of organic 
and inorganic lab waste liquids 

O25 Spent Anode/Converter brick piles located on paved concrete area west 
of the Unloading Building and Concrete Bunkers/paved concrete south of 
the Unloading Building 

026 Concrete Bunker north of Medford Sump 

027 55 gallon drum, auto, machine, paint and old electric shops, powerhouse 
north and south of converters 

O28 Auto shop metal container < 55 gallon 
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TABLE 1-4. GENERAL DESCRIPTION OF INVESTIGATION AREAS 

Area Description Agreed Order 
Reference“) Status Site Use 

l Adjacent to 
Converter 
Building 
Ventilation 
Baghouse 

3(b) & 9(b),(c) Active Baghouse spill containment and 
abandoned, spent scrubber saddles 
noted by TNRCC. 

2 Boneyard /Slag 3(d) & 9(d) Active Deposited slag, with equipment 
and debris storage on some slag 
areas. 

3 Acid Plants 1 & 
2 

3(e) Active Sulfuric acid production. 

4 Front Slope 
(plant boundary) 

3(h) Inactive No particular use; historic 
stormwater runoff area. 

5 Historic 
Smeltertown 

Not specifically 
identified 

Inactive Diesel 2 recovery system. 

6 Groundwater 8 Inactive Resource not used for domestic 
water supgly. 

7 Surface Water Not specifically 
identified 

Inactive Off-site downgradient water bodies 
include the American Canal and 
the Rio Grande. On-site ponding 
exists in slag area. 

8(2) Bedding and 
Unloading 
Buildings 

From TN RCC 
Response to 
Comments 

Active Receiving, Handling and Storage 
Area for Incoming Feed Material. 

9(3) On-site Process 
Ponds 

From TNRCC 
Response to 
Cormnents 

Active Three ponds used for fresh water 
supply, process makeup water and 
firewater storage. 

10”’ Plant Entrance From TNRCC 
Response to 
Comments 

Active Plant entrance and potential outfall 
of stonnwater-and spills to the 
American Canal. 

Notes 
(l) TNRCC, 1996. 
(2) Includes areas added per TNRCC review of the Remedial Investigation Work Plan 

(TNRCC, 1997). 
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TABLE 2-1. SUMMARY OF INVESTIGATION AREAS 

Investigation Area Description 

1 Adjacent to Converter Building Ventilation Baghouse 

2 I Slag/Boneyard 

3 Acid Plants 1 and 2 

4 Front Slope (Plant western boundary) 

5 Historic Smeltertown 

8 Bedding and Unloading Plant 

10 Plant Entrance 
Notes: See Table 1-4 For descriptions of the Investigation Areas. 

See Exhibit 2 for the Investigation Area locations. 
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I 

pH 
I 

As 
I 

ca 
I 

Cr 
I 

Cu 
I 

Fe 
I 

Pb 
I 

Se 
I 

Zn 

I 

Min 5 <20 <10 <30 <20 5,000 <10 <10 <10 

IAve(2) 60 

TABLE 2-2. SUMMARY OF SOIL SAMPLE RESULTS (mg/kg) 

Max 10.2 22,000 2,100 1,500 190,000 260,000 71,000 1,800 110,000 
Ave“) 8.5 616 124 86 4,362 30,524 2,447 22 2,695 

NA 7.2 NA 54 25 26,000 19 0.39 
mg/kg = Milligrams per kilogram. ' 

NA = Not Analyzed. 
(<) = Less than; concentration is less than the detection limit indicated. 
(1) = Investigation average, calculated from all soil samples. 
(2) = Average concentration of soils in United States (USGS, 1984). ‘ 
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TABLE 2-3. REFERENCE LIST OF ANALYTICAL PARAMETERS 
Analytical Parameter F Unit of Measurement Abbreviation 
Biochemical Oxygen Demand mg/l BOD 

'
t 

i 
Fecal Colifonn colony-forming units per 100 ml cfu/100 ml 
Ammonia mg/l NH; 
Total Hardness mg/l Tot Hardness 
Turbidity Nephelometric Turbidity Units 

(N TUs) 
Turb 

Temperature °F or °C Temp 
Dissolved Oxygen mg/l O3 OI‘ DO 

units pH _pH 
Specific Conductivity Microsiemens per centimeter 

(uS/cm) 
SC 

Total Dissolved Solids mg/1 TDS 
Total suspended solids mg/l TSS 
Calcium mg/l Ca 
Magnesium mg/l Mg 
Sodium mg/l Na 
Potassium mg/l K 
Total Alkalinity as CaCO3 mg/l 
Bicarbonate mg/l HCO3‘ 
Carbonate mg/l co? 
Sulfate mg/l sof 
Chloride mg/1 Cl 
Fluoride mg/l F 
Nitrate and Nitrite as Nitrogen mg/l NO; + NO; as N 
Arsenic mg/l As 
Barium mg/l Ba 
Cadmium mg/1 Cd 
Chromium mg/1 Cr 
Copper mg/1 Cu 
Iron mg/l Fe 
Lead mg/1 Pb 
Manganese mg/l Mn 
Mercury mg/1 Hg 
Selenium mg/l Se 
Silver mg/l Ag 
Zinc mg/l Zn 

Note: mg/l = milligrams per liter 
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mo crutum-: WATER QUAL1TY DATA. 1997 THROUGH 1990 AT councmzsmz BRIDGE" 
TABLE 2-4. 

DA TE n.0;_] pH TDS 
| 
SUL1-‘ATE| EC 

I 
TOTAL HARDNESSIAMMONIA 'l‘URB1D1TY| TEMP <n| 

1/9/97 12.0 8.0 3 160 360 1.564 2.450 468 0.19 19 35 
I/I6/97 11.4 8.3 3 100 335 1.538 

489 
464 2.320 468 0.30 19 38 

10.0 8.1 

�� 

100 305 1.436 501 2.220 436 0.13 19 46 ‘ 2/6/97 10.0 8.3 

�� 

170 245 1.114 307 1.835 368 0.11 23 47 
1/23/97 

2/13/97 10.0 8.2 

�� 

130 240 1.216 403 1.911 416 0.13 19 49 
2/20/97 10.0 8.2

� 

140 200 720 184 1.190 256 0.23 36 50 
U27/97 10.3 8.1

� 

320 125 656 167 1.040 240 0.21 123 45 
3/6/97 10.0 8.3 

�� 

180 110 

| 
BODI FECAL COLIFORMICI-lLOR1DE1 

634 249 992 240 0.09 143 48 
3/13/97 9.0 7.9 

�� 

190 150 544 167 930 208 0.29 160 58 
3/20/97 8.8 8.0 

��� 

230 95 566 155 923 236 0.07 166 59 
3/27/97 9.0 8.1 

�� 

NR 90 552 158 906 212 0.07 102 56 
4/3/97 9.0 8.2

� 

110 90 610 198 1.015 248 0.07 57 

���� 

4/ 10/97 9.0 8.1 

�� 

310 110 646 214 1.089 248 0.07 46~ 

����� 

4/17/97 8.6 8.1 

�� 

230 105 708 235 1.114 268 0.03 54

� 

4/24/97 8.8 8.1 

�� 

210 230 684 223 1.081 240 0.07 57 
5/1/97 8.6 8.1 

�� 

140 110 758 243 1.156 268 0.52 42 

�� 

5/8/97 8.1 8.1

� 

990 120 776 223 1.186 272 0.15 43 

���� 

5/ZU97 7.9 8.0 

�� 

830 135 822 274 1.264 292 0.05 67 68 
5/29/97 7.6 8.2 

�� 

220 155 800 288 1.333 296 0.02 48 71 
6/5/97 7.6 8.2 

�� 

190 95 644 187 1.016 248 0.11 86 73 
6/IU97 7.4 8.0 

�� 

200 165 540 146 935 220 0.10 89 74 
6/19/97 7.4 8.3 

�� 

580 95 596 247 1.053 256 0.07 92 75 
6/26/97 7.6 8.0 

�� 

220 80 578 159 994 248 0.09 67 73 
7/3/97 7.3 8.2 

�� 

200 85 556 168 982 240 0.05 70 76 
7/10/97 7.3 8.0 

�� 

580 105 558 198 1.079 282 0.07 79 76 
7/17/97 7.3 8.1 

�� 

220 85 558 238 1.038 24 8 0.13 65 77 
7/24/97 7.2 8.1 

�� 

430 70 558 217 954 252 0.04 154 79 
7/31/97 7.2 7.8 

�� 

120 95 512 253 1.020 244 0.07 94 78 
8/7/97 7.4 8.0

� 

600 130 592 237 1.099 264 0.06 171 76 
8/14/97 7.3 8.1 

�� 

880 100 596 242 1.085 252 0.09 144 76 
8/21/97 7.2 7.8 

�� 

240 85 552 235 1.061 260 0.09 82 78 
8/28/97 7.3 7.9 

�� 

500 110 474 211 1.021 260 0.07 85 77 
9/4/97 7.6 7.8 

�� 

430 NR 556 234 1.053 NR 0.09 59 73 
9/11/97 7.4 7.9 

�� 

NR 105 654 139 1.041 260 0.09 157 75 
9/18/97 9.7 7.8 

�� 

1.160 100 770 180 1,206 296 0.08 223 77 
9/25/97 8.1 7.9

� 

570 100 630 216 1.084 288 0.17 2.259 67 
7.7 7.8

� 

650 190 876 299 1.386 320 0.12 112 71 
7.7 8.0 

�� 

690 125 872 189 1.393 336 0.09 83 65 

10/2/97 
10/9/97 
10/ 16/97 9.0 7.9 

�� 

830 125 612 144 1.193 288 0.08 236 57 
10/23/97 8.8 7.8 

���� 

890 170 968 189 1.514 328 0.04 62 59 
10/30/97 9.2 8.0 320 185 1.056 357 1.740 404 0.12 37 55 
1 1/6/97 9.4 7.9

� 

270 160 1.232 368 1.885 384 0.12 19 53 
11/13/97 9.6 8.1 

�� 

620 200 902 277 1.776 372 0.12 27 52 
1 1/20/97 9.8 8.2 220 225 1.196 390 1.975 424 0.13 21 50 
12/4/97 NR NR NR NR NR NR NR NR NR NR NR NR 
12/11/97 11.1 8.3 5 150 250 1.182 363 1.970 308 0.13 14 40 
12/18/97 10.5 8.2 2 50 300 1.152 496 2.350 480 0.25 15 44 
12/25/97 NR NR NR NR NR NR NR NR NR NR NR NR 
1/8/98 14.1 8.2

� 

590 240 1192 412 2030 440 0.15 40 
1/15/98 11.1 8.2 

�� 

280 245 1.204 396 2.020 420 0.22 22 42 
1/22/98 10.3 7.9 

��� 

430 150 730 233 1.305 308 0.08 38 46 
1/29/98 10.5 7.6 

�� 

170 165 762 265 1.330 308 0.04 57 45 
2/5/98 10.5 8.0 

�� 

180 150 774 242 1.294 328 0.15 53 44 
2/12/98 10.3 7.8 

���� 

130 155 726 251 1,309 240 0.11 98 46 
2/19/98 10.8 8.1 

�� 

930 150 756 268 1.338 308 0.12 63 44 
2/26/98 10.8 7.7

� 

240 135 586 243 1.157 300 0.13 203 43 
3/5/98 9.6 7.7 

���� 

250 100 608 234 1.109 268 0.10 157 51 
3/12/98 10.3 7.8 

��� 

70 113 714 212 981 244 0.09 217 47 
3/19/98 9.6 7.8 

�� 

130 95 618 204 897 240 0.10 175 52 
3/26/98 8.4 7.7 

�� 

380 70 424 221 951 228 0.07 106 62 
4/2/98 9.4 7.8 

�� 

180 75 618 251 1.021 260 0.07 84 53 
4/9/98 9.5 7.4

� 

250 75 588 225 1.051 260 0.12 63 61 
4/16/98 9.4 7.6 

�� 

80 75 .594 239 1.004 260 0.09 59 54 
4/23/98 9.3 7.8 

�� 

180 100 646 244 1.093 268 0.04 82 61 
4/30/98 8.2 7.9 

��� 

140 80 654 246 1.035 248 0.12 59 62 
5/7/98 8.4 7.5 

�� 

180 120 776 287 1.224 292 0.11 49 63 
5/14/98 9.0 6.9

� 

110 95 670 264 1,127 280 0.07 51 65 
5/21/98 10.2 7.9

� 

210 95 730 261 1.143 264 0.09 55 70 
5/28/98 9.8 7.5

� 

180 45 718 266 1,137 276 0.12 31 69 

AVERAGE 9.0 7.9 3 340 141 761 254 1.279 293 0.1 115 59 AXIMU 12.0 8.3 7 1.160 360 1.564 501 2,450 480 0.5 2.259 79 
70 45 424 139 897 208 0.0 14 35 MINIMUM 7.2 6.9 “ Notes: NR = Not Reported 

Chemical concentrations in mg/1. 
(1) 9.5 Miles above Haskell R. Street Wastewater Treatment Plant. 
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RIO GRANDE WATER QUALITY, 1997 THROUGH 1998 AT 1.5 MILES ABOVE HASKELL R. STREET WASTE WATER TREATMI'I1\"I‘I'L/\1\'T 
TABLE 2-5. 

(ACROSS FROM BOWIE HIGH SCHOOL FOOTBALL FIELD) 
DATE D. O. pH TDS 

I 
SULFATE 

| 
EC 

1/9/97 12.0 8.2 

�� 

130 325 1.484 475 2.340 0.22 
1/16/97 11.1 8.5 260 

| 
non 11"!-ICALCOLIFORMICI-ILORIDEI 

320 1.506 478 2.290 476 0.36 16 

|TOTAL HARDNESSI/\MM(T1l \‘|A 'I‘URB|1)lTY| TEMP (F 
448 10 

I 

15 
4| 

1/23/97 10.0 8.1 

���� 

320 310 1.470 525 2.300 444 0.28 16 48 
2/6/97 10.0 8.4 

�� 

130 265 1.138 317 1.896 372 0.15 17 49 
2/13/97 10.0 8.3 

���� 

700 270 1.386 440 2.060 400 0.21 14 49 
2/20/97 10.0 8.3

� 

310 205 714 182 1.208 248 0.08 40 51 
2/27/97 10.3 8.2 

�� 

290 125 638 156 1.036 240 0.13 87 47 
3/6/97 10.0 8.4 

�� 

90 120 622 160 997 236 0.08 80 49 
3/13/97 9.0 8.0 

�� 

120 100 520 163 920 212 0.13 178 58 
3/20/97 8.8 8.2 

�� 

360 90 536 147 909 232 0.04 154 60 
3/27/97 9.2 8.2 

�� 

380 
1 75 482 141 833 208 0.08 123 56 

4/3/97 8.8 8.2 810 85 550 185 960 236 0.05 77 60 
4/ 10/97 8.8 8.2 

�� 

200 100 588 201 1.042 244 0.06 42 59 
4/17/97 8.6 8.2

� 

160 100 688 225 1.094 260 0.03 38 60 
4/24/97

I 

I 8.6 8.2 

�� 

510 210 664 219 1.072 256 0.06 57 60 
5/ 1/97 8.6 8.1 

�� 

340 115 744 227 1.133 264 0.21 41 62 
5/8/97 8.1 8.2

� 

770 125 742 229 1.143 256 0.22 36 68 
5/22/97 7.7 8.2 

��� 

90 105 708 223 1.126 1 264 0.03 77 70 
5/29/97 7.6 8.4 

�� 

220 120 656 223 1.132 260 0.03 40 72 
6/5/97 7,4 8.3 

�� 

600 75 552 156 901 232 0.09 95 74 
6/12/97 7.4 8.0 

�� 

610 170 520 144 890 230 0.11 99 75 
6/19/97 7.3 8.5 

�� 

440 85 564 172 989 240 0.07 92 76 
6/26/97 7.4 8.2 

�� 

330 80 624 147 967 232 0.07 72 74 
7/3/97 7.2 8.4 

��� 

180 85 554 144 930 224 0.05 71 77 
7/10/97 7.3 8.2 

�� 

480 95 510 151 943 240 0.05 86 
1 76 

7/17/97 7.2 8.3

� 

170 80 598 153 995 236 0.10 61 78 
7/11/96 7.0 8.1 720 70 546 129 898 228 1 0.04 163 80 
7/31/97 7.2 8.2 

��� 

300 85 592 194 950 240 0.06 153 78 
8/7/97 7.3

� 

8.1

� 

NR 85 628 197 1.004 268 0.05 I45 76 
8/14/97 7.2 8.2 

�� 

1090 85 562 142 957 236 0.08 121 78 
8/21/97 7.2 8.0

� 

800 85 552 136 994 228 0.08 70 79 
8/28/97 7.2 8.0 

�� 

330 100 532 161 949 240 0.06 84 78 
9/4/97 7.4 8.1 

�� 

370 NR 600 980 NR 0.08 63 74 
9/1 1/97 7.4 7.8 

�� 

NR 85 576 928 236 0.10 644 75 
9/18/97 9.6 7.9 

�� 

1120 105 688 1.078 272 0.08 290 77 
9/25/97 NR NR NR NR NR NR NR NR NR NR NR 
10/2/97 7.7 7.9 740 175 842 1.398 316 0.11 101 71 
10/9/97 7.4 7.8 

�� 

600 110 804 1.293 280 0.07 88 71 
10/16/97 9.0 7.9 

�� 

180 120 580 

291 

127 1.077 272 0.09 265 58 
10/23/97 8.8 8.0 

�� 

6()0 165 946 176 1.451 324 0.05 67 59 
10/30/97 9.2 8.1 290 200 1.042 305 1.780 400 0.13 43 57 
1 1/6/97 9.4 8.0 370 220 1.160 321 1.943 388 0.13 19 54 
11/13/97 9.6 8.2 

���� 

1900 200 802 275 1.768 368 0.12 38 52 
1 1/20/97 9.8 8.3 NR 245 1.268 375 2.070 556 0.14 14 51 
12/4/98 NR NR NR NR NR 

140 
53 
123 
NR 

104 

NR NR NR NR NR NR 
12/11/98 11.1 8.3 150 250 1.182 363 1.970 308 0.13 14 40 
12/18/98 10.5 8.2 

����� 

50 300 1.552 496 2.350 480 0.25 15 44 
1/8/98 10.8 8.2 

�� 

280 245 1,272 419 2.090 424 0.24 15 42 
1/15/98 10.8 8.3 

�� 

110 265 1.268 408 2.070 396 0.27 15 44 
1/22/98 10.3 7.8 480 150 748 250 1.338 312 0.09 

���� 

47 
1/29/98 10.3 7.9 

���� 

160 165 792 255 1.336 304 0.06 

����� 

47 
2/5/98 10.5 7.9 

�� 

150 145 786 240 1.309 308 0.10 

��� 

45 
2/12/98 10.3 1 7.9 

�� 

160 175 752 272 1.365 316 0.12 102 47 
2/19/98 10.5 8.0

� 

300 160 824 291 1.395 316 0.10 53 45 
2/26/98 10.8 8.0

� 

140 140 722 258 1.205 284 0.11 105 44 
2/5/98 9.6 7.8

� 

420 95 638 200 1.016 256 0.06 168 53 
3/12/98 10.3 7.8 

�� 

350 93 770 190 915 220 0.08 200 47 
3/19/98 9.4 7.9 

�� 

200 90 598 202 885 224 0.07 172 53 
3/26/98 8.4 7.9 

��� 

420 70 436 194 863 228 0.06 123 63 
4/2/98 9.2 7.9

� 

240 70 560 226 952 240 0.06 82 54 
4/9/98 9.8 8.0 

�� 

I50 85 624 238 1.104 256 0.09 63 72 
4/16/98 9.2 7.8 

�� 

220 70 594 232 988 252 0.07 57 

���� 

4/23/98 9.2 8.2

� 

210 100 662 247 1.087 256 0.03 48 

���� 

4/30/98 8.2 8.1

� 

520 80 446 1.018 252 0.11 58 

�� 

5/7/98 8.6 7.2

� 

0 170 920 1.588 284 10.2 19 

���� 

5/ 1 4/98 9.2 7.7

� 

490 95 636 1.075 256 0.07 51 

���� 

5/21/98 9.6 8.0 

���� 

810 100 702 1.144 264 0.07 30 

���� 

5/28/98 9.6 7.8

� 

420 60 690 

249 

274 1.142 260 0.11 18 

���� 

AVERAGE 9.0 8.1 4 394 141 767 235 1.270 288 0.3 86 60 MAXIMUM 12.0 8.5 16 1.900 325 1.552 525 2.350 556 10.2 644 80 MINIMUM 7.0 7.2 0 I 60 436 

235 
301 

270 

53 833 208 0.0 14 35 
N018: NR = Not Reported 

Chemical Concenualions in mg/1. 
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TABLE 2-6. AVERAGE CONCENTRATIONS OF RIO GRANDE SURFACE 
WATER SAMPLES, JANUARY 1997 - MAY 1998 

Parameter Courchesne Bridge Bowie High School 
no (mg/1) 9.0 9.0

— 
pH 7.9 8.1 

BOD (mg/1) 3 4 

Fecal Colifonn (cful 100 ml) 340 394 
Chloride (mg/l) 141 141 

TDS (mg/1) 761 767 
Sulfate (mg/l) 254 235 

SC (uS/cm) 1,279 1,270 

Total Hardness (mg/l) 293 288 
Ammonia (mg/1) 0.1 0.3 

Turbidity (NTUs) 115 86 

Temperature (°F) 59 60 

mg/1 = milligrams per liter.
t 

Source: Tables 2-4 and 2-5 contain additional information. Average concentrations derived 
from weekly sampling effons. 
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TABLE 2-9. ON-SITE POND AND SURFACE WATER SAMPLING RESULTS, 
NOVEMBER AND DECEMBER 1997 

Sample pH SC TDS Temp Sulfate Chloride 
L°““"°" 

(LLS/cm) (mg/1) (degrees C) (mg/1) (mg/I) 

“Pond 1 7.5 27,200 25,974 9.1 16,043 1 ,002 

Pond 5 7.2 975 644 21.5 193 137 

Pond 6 7.7 5,330 3,912 16.4 1,874 497 
SEP-1 8 4,660 3,424 19.4 1,616 438 
SEP-2 8.3 1,950 1,289 11.8 415 248 
SEP-3 7.6 5,250 3,954 21.3 1,839 597 
SEP-4 7.9 1,952 1,289 10 424 249 
SEP-6 8.4 961 643 26 176 85 
SEP-7 8.3 1,924 1,290 16.3 412 249 
SEP-8 8.3 958 677 26 190 85 
SEP-9 8.3 1,886 1,225 15.7 401 248 
SEP-10 8.5 1,970 1,337 16 436 255 
SEP-1 1 8.3 1,933 1,258 14.3 415 246 
SEP-12 8.3 1,970 1,323 11.4 427 254 
SEP-13 8.3 1,993 1,304 10.5 422 249 

lRio Grande 8.2 1,768 802 11.1 275 200 
Notes: Locations shown on Figure 2-2. 

H :\FlLES\ l 28\0734\R IREPOR'I\TABLES\SEC2TABS. DOC\TUC\l 0/O2/98\O65 

mg/l = milligrams per liter 
},LS/cm = microsiemens per centimeter 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

1/1/95 0.10 3.88 3.36 
1/2/95 0.09 3.88 3.25 
1/3/95 0.09 3.74 2.92 
1/4/95 0.09 3.96 3.45 
1/5/95 0.09 3.99 3.79 
1/6/95 0.09 4.33 4.3 
1/7/95 0.09 4.28 4.39 
1/8/95 0.09 3.94 4.02 
1/9/95 0.09 4.53 4.57 
1/10/95 0.09 4.28 4.43 
1/11/95 0.09 3.85 4.07 
1/12/95 0.09 3.65 3.94 
1/13/95 0.09 3.46 3.74 
1/14/95 0.09 3.4 3.66 
1/15/95 0.09 3.31 3.64 
1/16/95 0.09 3.34 3.72 
1/17/95 0.09 3.17 3.41 
1/18/95 0.09 3.12 3.31 
1/19/95 0.09 3.09 3.21 
1/20/95 0.09 3.2 3.34 
1/21/95 0.09 6.91 8.07 
1/22/95 0.09 8.35 8.98 
1/23/95 0.09 9.2 9.33 
1/24/95 0.10 9.52 9.47 
1/25/95 
1/26/95 

0.10 
0.10 

9.91 
10.4 

9.65 
10.3 

1/27/95 0.10 11.2 11.5 
1/28/95 0.10 10.1 10.4 
1/29/95 0.11 10 10.1 
1/30/95 0.11 8.75 8.51 
1/31/95 0.10 7.87 7.55 
2/1/95 0.10 7.59 7.06 
2/2/95 0.11 7.42 7.16 
2/3/95 0.10 7.28 6.97 
2/4/95 0.10 6.74 6.49 
2/5/95 0.10 6.57 6.37 
2/6/95 0.11 6.32 6.11 
2/7/95 0.11 6.03 5.63 
2/8/95 0.12 6.4 6.16 
2/9/95 0.10 7.82 7.7 
2/10/95 0.11 10.2 10.4 
2/1 1/95 0.10 7.25 7.09 
2/ 1 2/95 0.10 6.85 6.4 
2/13/95 0.10 6.97 6.42 
2/ 1 4/95 0.09 6.17 5.46 
2/15/95 0.10 7.33 6.58 
2/16/95 0.10 11.7 11.2 
2/ 1 7/95 0.10 10.3 10.1 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

2/18/95 0.09 7.5 7.19 
2/19/95 0.10 7.11 6.37 
2/20/95 0.10 8.01 7.12 
2/21/95 0.10 10.2 9.3 
2/22/95 0.10 8.44 7.87 
2/23/95 0.09 7.76 7.11 
2/24/95 0.10 7.67 6.4 
2/25/95 0.10 7.79 6.84 
2/26/95 0.09 7 6.22 
2/27/95 0.09 8.52 7.43 
2/28/95 0.10 8.35 7.21 
3/1/95 0.10 8.55 7.39 
3/2/95 0.10 7.11 6.29 
3/3/95 0.10 12.3 11.5 
3/4/95 0.10 12.7 12.6 
3/5/95 0.10 13.5 13.5 
3/6/95 0.11 15.2 14.8 
3/7/95 0.13 16.2 15.1 
3/8/95 0.22 17.3 15.4 
3/9/95 0.32 19.7 17.9 
3/10/95 0.33 18.4 16.6 
3/1 1/95 0.36 18.1 15.9 
3/12/95 0.39 23.7 19.9 
3/13/95 0.48 26.3 23.4 
3/14/95 0.55 27.4 23.9 
3/15/95 2.71 28.6 22.2 
3/16/95 3.72 32.9 25 
3/17/95 4.74 34.3 25.4 
3/18/95 3.99 32.6 25.6 
3/19/95 5.81 36.8 24.8 
3/20/95 10.60 39.4 25 
3/21/95 7.68 38.2 26.7 
3/22/95 5.76 38.2 28.2 
3/23/95 5.29 37 .7 28.5 
3/24/95 5.31 36 27.8 
3/25/95 5.43 36 27.4 
3/26/95 5.40 33.1 25.5 
3/27/95 5.39 32.6 24.5 
3/28/95 5.40 32.6 24.3 
3/29/95 5.51 33.7 25.2 
3/30/95 5.38 28.6 21.8 
3/31/95 5.44 26.6 19.7 
4/1/95 5.37 27.2 20 
4/2/95 5.34 24 .4 18.5 
4/3/95 5.27 22.6 16.6 
4/4/95 5.22 21.4 15.5 
4/5/95 5.32 22.9 16.4 
4/6/95 5.32 21.7 15.3 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 0 Date Measured Pump House Below American Dam Courchesne Bridge Diversion at Amenuan Canal 

4/7/95 5.31 19.7 13.2 
4/8/95 5.43 20.8 14.2 
4/9/95 5.40 21.3 15.1 
4/10/95 5.39 18.5 12.3 
4/1 1/95 5.43 18.1 11.5 
4/12/95 5.50 18 11.1 
4/13/95 5.58 18.7 11.8 
4/14/95 5.49 22.2 15.5 
4/15/95 5.25 21.4 15.5 
4/16/95 5.27 23 17 
4/17/95 5.15 24.8 19 
4/18/95 5.09 24.5 18.9 
4/19/95 5.04 23.3 17.7 
4/20/95 5.01 21.9 16.6 
4/21/95 5.10 26.3 20.3 
4/22/95 5.25 25.8 19.7 
4/23/95 5.28 26.5 20.3 
4/24/95 5.34 25.7 19.7 
4/25/95 5.40 25.3 19.3 
4/26/95 5.37 24 18.2 
4/27/95 5.28 22.6 16.7 
4/28/95 5.21 20.2 14.6 

5.28 23.3 17.4 4/29/95 
4/30/95 5.29 25.1 18.8 
5/1/95 5.44 31.2 24.2 
5/2/95 5.37 32.9 25.9 
5/3/95 5.33 32.3 25 .4 
5/4/95 
5/5/95 

5.32 
5.31 

31.2 
30.3 

24.1 
23 

5/6/95 5.33 29.7 22.6 
5/7/95 5.26 31.7 24.5 
5/8/95 5.20 29.2 22.9 
5/9/95 5.23 26.7 20.8 
5/10/95 5.32 26.2 20 
5/1 1/95 5.38 27 .4 20.6 
5/12/95 5.34 28.3 21.4 
5/13/95 5.39 26.9 20 
5/14/95 5.42 25.5 18.5 
5/15/95 5.46 26.9 19.5 
5/16/95 5.31 29.2 21.6 
5/17/95 5.22 27.7 20.6 
5/ 1 8/95 5.27 33.4 25.8 
5/19/95 5.14 38.2 30.1 
5/20/95 5.19 39.6 31 
5/21/95 8.35 51 31.7 
5/22/95 12.60 61.2 30.6 

9.98 42.8 29 
12.40 40.8 25.6 

5/23/95 Q 5/24/95 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at Amencan Canal 
5/25/95 13.30 39.9 24.3 
5/26/95 13.40 40.8 25 
5/27/95 13.40 40.5 25.3 
5/28/95 11.60 37.9 25 
5/29/95 11.40 39.4 26.6 
5/30/95 14.00 37.9 24.1 
5/31/95 14.50 34 20.4 
6/ 1/95 12.90 30.3 18.4 
6/2/95 16.10 60.3 30.1 
6/3/95 21.30 71.6 32.7 
6/4/95 20.40 53.8 32.6 
6/5/95 24.10 55.2 31 
6/6/95 26.70 49.6 28.5 
6/7/95 25.30 41.3 25 
6/8/95 21.60 39.9 25.7 
6/9/95 20.30 41.6 28.5 
6/10/95 20.40 43.3 29.2 
6/1 1/95 22.10 52.1 29.6 
6/12/95 23.80 56.6 30 
6/13/95 26.10 53 27.3 
6/14/95 27.00 49.8 24.9 
6/15/95 23.50 42.5 24.5 
6/16/95 21.90 41.9 26 
6/17/95 22.40 47.3 27.6 
6/18/95 23.50 54.7 28.3 
6/19/95 23.20 54.9 28.7 
6/20/95 23.30 56.4 28.7 
6/21/95 24.10 49 26.9 
6/22/95 24.30 43 23.5 
6/23/95 22.80 42.8 25.9 
6/24/95 22.00 47.6 28.8 
6/25/95 25.60 60.3 28.9 
6/26/95 30.40 71.1 28.6 
6/27/95 34.00 70 26.3 
6/28/95 33.70 60.3 24.5 
6/29/95 35.70 70.2 26.7 
6/30/95 37.90 75.6 27 
7/1/95 
7/2/95 

47.80 
53.20 

106 
110 

30.7 
32.3 

7/3/95 47.70 67.7 31.4 
7/4/95 41.40 65.1 32.7 
7/5/95 52.80 73.1 31.7 
7/6/95 50.50 72.2 28.5 
7/7/95 56.00 64.9 30.3 
7/8/95 59.30 71.4 30.8 
7/9/95 62.10 88.9 31.1 
7/10/95 57.20 101 30.9 
7/11/95 53.30 89.8 28.7 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 0 Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

7/12/95 50.40 69.7 29.1 
7/13/95 46.70 46.2 27.7 
7/14/95 51.10 50.4 28.3 
7/15/95 57.70 68.5 30.4 
7/16/95 62.10 85.8 30.6 
7/17/95 66.60 91.8 31 
7/18/95 72.70 94 30.4 
7/19/95 70.10 74.5 28.8 
7/20/95 58.00 65.7 28.6 
7/21/95 56.10 65.1 30.2 
7/22/95 56.90 65.4 30.3 
7/23/95 56.60 67.4 30.1 
7/24/95 54.30 71.9 30.4 
7/25/95 49.70 80.4 30.8 
7/26/95 47.10 79.3 29.5 
7/27/95 43.70 77.9 28.4 
7/28/95 42.70 80.7 28.4 
7/29/95 42.70 69.7 27.8 
7/30/95 44.00 62.3 28 
7/31/95 42.50 59.8 28.2 
8/1/95 39.00 47.9 26.8 
8/2/95 26.70 46.2 27 

19.40 49 31.2 ‘ 8/3/95 
8/4/95 10.50 44.7 34.5 
8/5/95 
8/6/95 

8.00 
8.99 

37.1 
41.1 

29.1 
32 

8/7/95 9.15 43.6 32.9 
8/8/95 9.02 39.4 31.4 
8/9/95 8.60 37.4 29.5 
8/10/95 7.78 32.3 26.7 
8/11/95 6.50 29.5 25.9 
8/12/95 6.59 28.2 25.1 
8/13/95 7.55 37.7 32.8 
8/14/95 10.30 41.9 34.5 
8/15/95 14.70 44.5 33.1 
8/16/95 18.00 50.7 33.3 
8/17/95 14.20 43.6 32.7 
8/18/95 14.10 52.1 33.5 
8/19/95 14.90 62 33.7 
8/20/95 8.90 44.7 32.5 
8/21/95 6.71 39.9 31.7 
8/22/95 5.90 37.9 30.3 
8/23/95 5.19 34.8 27.7 
8/24/95 5.38 34.3 27.4 
8/25/95 5.58 33.1 26.4 
8/26/95 5.73 33.4 26.8 
8/27/95 5.67 36.8 29 

5.61 41.3 32.7 “ 8/2s/95 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

8/29/95 5.39 38.8 31.3 
8/30/95 5.30 36.2 30.2 
8/31/95 3.47 30.9 27.7 
9/1/95 2.85 28.9 26.3 
9/2/95 3.37 28.6 25.7 
9/3/95 3.47 30.9 26.9 
9/4/95 4.65 39.1 32.1 
9/5/95 4.38 38.8 32.3 
9/6/95 2.85 35.4 31.4 
9/7/95 1.70 30 28.2 
9/8/95 1.37 26.1 25.5 
9/9/95 4.18 26 25.2 
9/10/95 10.90 34.3 23.4 
9/1 1/95 10.90 54.7 31.2 
9/12/95 15.50 80.4 32.5 
9/13/95 1.98 40.5 31.5 
9/14/95 1.46 32.9 30.1 
9/15/95 5.01 32.9 30.1 
9/16/95 3.44 38.2 31.9 
9/17/95 2.43 39.4 31.4 
9/ 1 8/95 1.43 30.9 27.7 
9/19/95 1.29 31.2 27.6 
9/20/95 1.19 28.6 25.8 
9/21/95 1.08 26.2 24.1 
9/22/95 
9/23/95 

0.98 
0.89 

23.6 
23 

22.4 
22.8 

9/24/95 0.77 22.1 23 
9/25/95 0.72 21.6 22.4 
9/26/95 0.72 21.1 20.2 
9/27/95 0.66 19.5 18.8 
9/28/95 0.35 17.9 17.7 
9/29/95 0.22 18.4 18.3 
9/30/95 0.23 23.3 22.7 
10/1/95 1.49 23 21.4 
10/2/95 0.77 24 22.5 
10/3/95 0.56 22.9 21.4 
1 0/4/95 0.53 21.6 20.5 
10/5/95 0.41 19.7 18.6 
10/6/95 0.32 19.2 17.8 
10/7/95 0.28 18.6 17.4 
10/8/95 0.28 19.9 18.5 
10/9/95 0.26 20.9 18.6 
10/10/95 0.25 20.3 18.2 
10/11/95 0.23 19.5 16.9 
10/12/95 0.21 17.8" 17.6 
10/13/95 0.20 19 18.3 
10/ 14/95 0.17 19.1 18.4 
10/15/95 0.16 19.3 19.3 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

10/ 16/95 0.14 20.7 20.4 
10/17/95 0.15 20.4 19.9 
10/18/95 0.16 20.5 20.7 
10/19/95 0.15 19.3 20.8 
1 0/20/95 0.15 23.1 21.7 
10/21/95 0.14 25.8 25.3 
10/22/95 0.12 25.5 26.1 
10/23/95 0.09 20.2 24.9 
1 0/24/95 0.09 17.8 22.5 
10/25/95 0.08 17.1 21.9 
1 0/26/95 0.08 16.8 21.8 
10/27/95 0.07 16.3 21.7 
10/28/95 0.07 16.1 21.4 
1 0/29/95 0.07 15.9 15.9 
10/30/95 0.06 13.7 13.8 
10/31/95 0.05 11.2 11.7 
11/1/95 0.05 10 10.9 
1 1/2/95 0.04 8.89 9.55 
1 1/3/95 0.04 8.61 8.68 
1 1/4/95 0.04 8.33 8.21 
1 1/5/95 0.04 8.01 8.08 
1 1/6/95 0.04 8.52 8.53 
1 1/7/95 0.04 8.01 8.1 
11/8/95 0.39 7.7 7.81 
1 1/9/95 0.09 7.39 7.22 
11/10/95 0.09 7.05 6.85 
11/11/95 0.09 6.77 6.72 
11/12/95 0.09 6.6 6.45 
11/13/95 0.09 6.6 6.23 
11/14/95 0.09 6.49 6.2 
11/15/95 0.09 6.4 5.85 
11/16/95 0.09 6.09 5.59 
11/17/95 0.09 5.89 5.54 
11/18/95 0.09 5.83 5.48 
11/19/95 0.09 5.72 5.44 
1 1/20/95 0.09 5.61 5.52 
11/21/95 0.09 5.61 5.27 
1 1/22/95 0.09 5.55 5.26 
1 1/23/95 0.08 5.55 5.28 
1 1/24/95 0.08 5.35 3.99 
1 1/25/95 0.08 5.3 3.4 
1 1/26/95 0.08 5.32 5.16 
1 1/27/95 0.08 5.35 5.16 
1 1/28/95 0.08 5.38 4.9 
1 1/29/95 3.07 5.44 1.64 
1 1/30/95 4.94 5.47 0.09 
12/1/95 4.96 5.41 0.09 
12/2/95 4.97 5.35 0.09 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND “ Date Measilred Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

12/3/95 4.94 5.35 0.09 
1 2/4/95 4.91 5.27 0.08 
12/5/95 4.90 5.15 0.08 
12/6/95 4.89 5.07 0.08 
12/7/95 4.87 4.96 0.07 
12/8/95 5.04 5.18 0.07 
12/9/95 5.00 5.01 0.07 
12/ 10/95 4.85 4.76 0.07 
12/11/95 4.81 4.64 0.07 
12/ 12/95 4.84 4.73 0.07 
12/13/95 4.85 4.67 0.07 
12/14/95 4.77 4.67 0.07 
12/ 15/95 4.71 4.56 0.07 
12/16/95 4.70 4.5 0.07 
12/17/95 4.73 4.53 0.07 
12/1 8/95 5.10 4.79 0.07 
12/19/95 4.90 4.79 0.07 
12/20/95 4.77 4.59 0.07 
12/21/95 4.88 4.64 0.07 
12/22/95 4.93 4.84 0.07 
12/23/95 4.76 4.7 0.07 
1 2/24/95 4.73 4.56 0.07 

4.56 4.33 0.07 ' 12/25/95 
1 2/26/95 4.57 4.28 0.07 
12/27/95 4.62 4.22 0.07 
12/28/95 4.53 4.19 0.07 
12/29/95 4.53 4.11 0.07 
12/30/95 4.43 4.02 0.07 
12/31/95 4.38 3.96 0.07 
1/1/96 4.42 3.97 0.07 
1/2/96 4.49 4.21 0.07 
1/3/96 2.23 4.09 2.58 
1/4/96 0.44 4.08 3.56 
1/5/96 0.39 4.14 3.35 
1/6/96 0.35 4.1 3.23 
1/7/96 0.34 4.02 3.24 
1/8/96 0.36 3.84 3.26 
1/9/96 0.38 3.63 3.29 
1/10/96 0.37 3.65 3.28 
1/11/96 0.58 3.42 2.53 
1/12/96 1.61 3.07 1.67 
1/13/96 3.43 3.56 0.07 
1/14/96 3.42 4.69 0.07 
1/15/96 3.88 5.4 0.07 
1/16/96 8.18 8.76 0.07 
1/17/96 8.46 9.38 0.13 
1/18/96 3.75 8.94 5.3 

0.76 8.85 8.42 ‘ 1/19/96 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

1/20/96 0.69 8.94 9.61 
1/21/96 0.64 9.21 9.63 
1/22/96 0.60 9.57 9.71 
1/23/96 0.53 9.96 9.96 
1/24/96 0.50 10 9.86 
1/25/96 0.47 9.91 10 
1/26/96 0.43 10.2 10.2 
1/27/96 0.45 11.2 9.95 
1/28/96 0.41 12.2 10.2 
1/29/96 0.39 11.4 12.8 
1/30/96 0.35 9.75 11.4 
1/31/96 0.33 12.2 12 
2/1/96 0.32 13.8 12.3 
2/2/96 0.32 15.2 14.3 
2/3/96 0.32 14.9 15.6 
2/4/96 0.30 14.4 14 
2/5/96 0.29 13.8 13.6 
2/6/96 0.31 13.2 13.4 
2/7/96 0.32 12.9 13.2 
2/8/96 0.31 12.2 12.3 
2/9/96 0.30 11.7 11.9 
2/10/96 0.31 10.8 11.1 
2/11/96 0.34 9.71 10.6 
2/12/96 0.30 8.47 7.83 
2/13/96 0.28 6.22 5.71 
2/14/96 0.26 5.49 5.33 
2/15/96 0.26 4.35 4.45 
2/16/96 0.28 6.77 5.78 
2/17/96 0.27 6.09 5.86 
2/18/96 0.24 5.23 5.34 
2/19/96 0.25 5.37 5.41 
2/20/96 0.25 5.86 5.92 
2/21/96 0.26 6.26 6.15 
2/22/96 0.25 6.37 6.43 
2/23/96 0.24 6.56 6.56 
2/24/96 0.24 5.75 5.75 
2/25/96 0.25 12.8 11.3 
2/26/96 
2/27/96 

0.24 
1.37 

15 
14.7 

13.5 
12.9 

2/28/96 0.82 14 11.9 
2/29/96 0.69 12.2 11.1 
3/1/96 0.60 12.3 11.7 
3/2/96 0.59 12.1 11.5 
3/3/96 0.58 15.9 14.4 
3/4/96 0.54 20.7 19.3 
3/5/96 0.56 20.2 18.7 
3/6/96 0.57 19.7 18.1 
3/7/96 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

3/8/96 0.68 24.5 21.5 
3/9/96 0.69 24.3 22.3 
3/10/96 0.76 27.3 24.9 
3/1 1/96 0.81 28.9 26.9 
3/12/96 0.86 29.5 27.3 
3/13/96 0.89 29.6 27.3 
3/14/96 0.92 31.4 28.4 
3/15/96 2.73 29.8 25.8 
3/16/96 3.24 28.9 24.8 
3/17/96 3.15 27.3 24 
3/18/96 3.19 26.9 23.7 
3/19/96 4.57 28.1 23.2 
3/20/96 5.43 30.4 24.2 
3/21/96 5.42 30 24.2 
3/22/96 5.41 29.6 23.6 
3/23/96 5.44 30.7 24 
3/24/96 5.34 29.8 23.5 
3/25/96 5.30 28 21.4 
3/26/96 5.61 28.7 21.4 
3/27/96 5.64 27.7 20.8 
3/28/96 5.68 28.1 20.8 
3/29/96 5.52 25.8 19.1 
3/30/96 5.26 26 19.6 
3/31/96 5.17 26 19.6 
4/1/96 5.17 26.8 20.1 
4/2/96 5.28 25.1 18.5 
4/3/96 5.40 25.8 18.6 
4/4/96 5.43 24.1 17.2 
4/5/96 5.55 22 15.1 
4/6/96 5.55 28.8 20.5 
4/7/96 5.35 28.5 21.4 
4/8/96 5.26 20 14.5 
4/9/96 5.25 16.7 11.4 
4/10/96 5.31 16 10.5 
4/1 1/96 5.36 13.6 8.13 
4/12/96 5.41 19.9 13.5 
4/13/96 5.29 18.8 13.7 
4/14/96 5.24 18.5 13.6 
4/15/96 5.23 20.8 15.6 
4/16/96 5.36 19.3 14.1 
4/17/96 5.37 19.8 14.4 
4/18/96 5.62 22.3 16.2 
4/19/96 5.26 27.4 21 
4/20/96 5.22 22.2 16.6 
4/21/96 4.94 23.1 17.1 
4/22/96 5.14 22.3 16.4 
4/23/96 5.17 21.4 15.5 
4/24/96 5.34 22.3 16.2 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

4/25/96 5.36 21.7 15.6 
4/26/96 5.28 18.7 13.1 
4/27/96 5.28 19.3 13.5 
4/28/96 5.24 22 15.5 
4/29/96 5.28 22 15.3 

- 4/30/96 5.43 21.6 14.8 
5/1/96 5.51 22.3 15.4 
5/2/96 3.86 20.6 15.6 
5/3/96 3.21 21.8 17.2 
5/4/96 3.26 22.3 17.8 
5/5/96 3.21 21.8 18.1 
5/6/96 3.27 24.4 19.2 
5/7/96 3.34 25 19.6 
5/8/96 3.26 23.9 19.2 
5/9/96 3.18 22 17.8 
5/10/96 3.29 22.4 17.9 
5/11/96 3.46 20 15.7 
5/12/96 3.42 20.5 16.1 
5/13/96 3.40 18.4 14.5 
5/14/96 3.50 16.8 13.2 
5/15/96 3.53 14.2 11 
5/16/96 3.61 14 10.9 
5/17/96 3.50 18 14.7 
5/ 1 8/96 3.24 18.1 15.3 
5/19/96 3.19 19.6 16.6 
5/20/96 3.18 23.1 19.7 
5/21/96 3.22 22.3 19.3 
5/22/96 3.23 23 19.6 
5/23/96 3.27 21.3 18.4 
5/24/96 3.25 18.4 16.3 
5/25/96 3.12 16 14.4 
5/26/96 3.17 17.5 13.6 
5/27/96 3.11 21.9 16.8 
5/28/96 3.09 22.8 19.1 
5/29/96 3.14 20.8 18.1 
5/30/96 3.13 21.3 17.4 
5/31/96 3.14 21.3 18 
6/1/96 5.37 22 16.4 
6/2/96 6.50 24.7 16.3 
6/3/96 6.38 27.5 19 
6/4/96 6.02 27.3 19.6 
6/5/96 6.02 28.6 20.1 
6/6/96 6.20 29.2 19.9 
6/7/96 6.25 29 19.3 
6/8/96 6.46 29.9 19.8 
6/9/96 6.56 30.5 20.5 
6/10/96 6.51 31.6 21.2 
6/1 1/96 6.42 29.9 20.9 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND “ Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

6/12/96 6.35 28.3 19.6 
6/13/96 6.44 28.2 18.5 
6/14/96 6.38 27 17.4 
6/15/96 6.39 27 17.7 
6/16/96 6.56 29.3 19.9 
6/17/96 6.58 32.9 23.4 
6/18/96 6.26 31.6 23.2 
6/19/96 6.23 29.3 21.5 
6/20/96 6.17 27.2 20 
6/21/96 6.33 26.8 19.6 
6/22/96 6.54 26.1 19.1 
6/23/96 6.49 27 20.2 
6/24/96 6.51 28.2 21.5 
6/25/96 6.49 28.1 22.1 
6/26/96 6.57 27.2 21.5 
6/27/96 6.74 34.2 26.6 
6/28/96 6.52 37.1 28.9 
6/29/96 9.60 41.1 27.8 
6/30/96 7.36 32.4 24 
7/1/96 6.68 36 27 
7/2/96 6.26 27.5 19.9 
7/3/96 6.46 23.3 15.9 

6.35 20.6 13.5 ' 7/4/96 
7/5/96 6.37 24.4 16.5 
7/6/96 6.23 23.7 15.8 
7/7/96 6.30 25 17.4 
7/8/96 6.45 30.7 21.7 
7/9/96 6.24 28.6 21.2 
7/10/96 6.26 27.2 20.2 
7/1 1/96 
7/12/96 

6.28 
6.38 

29.2 
30.7 

22.5 
23.3 

7/13/96 6.41 26.1 18.8 
7/14/96 6.51 28.4 21.8 
7/15/96 6.57 34.6 27 
7/16/96 10.90 45.2 29.9 
7/17/96 10.70 40.2 26.6 
7/18/96 6.75 23.5 17.6 
7/19/96 6.81 25 18 
7/20/96 6.42 28.9 22 
7/21/96 6.30 28.8 22 .4 
7/22/96 6.64 32.2 24.4 
7/23/96 6.52 28.7 21.9 
7/24/96 6.62 25.7 19.3 
7/25/96 6.72 24.1 17.6 
7/26/96 6.52 23.6 17.1 
7/27/96 6.38 24.7 17.7 
7/28/96 6.51 29.8 21.5 

6.51 31.8 23.2 ' 7/29/96 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

7/30/96 6.43 29.9 21.9 
7/31/96 5.86 29.3 22 
8/1/96 5.44 31.5 24.1 
8/2/96 5.54 37.2 28.2 
8/3/96 5.99 35.5 26.9 
8/4/96 6.09 35.9 28.4 
8/5/96 5.66 35 27.1 
8/6/96 5.02 29.7 24.7 
8/7/96 5.11 26.7 20.6 
8/8/96 5.46 27.2 20.3 
8/9/96 5.45 24.7 18.5 
8/10/96 5.37 25.2 18.3 
8/1 1/96 5.32 29.2 20.5 
8/12/96 5.21 27.7 22.2 
8/ 1 3/96 5.18 24.9 19.8 
8/14/96 5.30 24.1 18.9 
8/15/96 5.39 22 16.9 
8/16/96 5.37 21.1 15.8 
8/17/96 5.34 20.4 15 
8/18/96 5.41 21.6 15.8 
8/19/96 5.56 27.6 20.9 
8/20/96 5.50 25.4 19.7 
8/21/96 5.57 27.5 21.3 
8/22/96 5.49 26.1 20.1 
8/23/96 5.58 29.3 22.2 
8/24/96 5.56 30.3 22.8 
8/25/96 5.42 28.9 21.4 
8/26/96 5.31 23.2 16.8 
8/27/96 5.49 21.7 15.1 
8/2-8/96 5.65 22.4 15.7 
8/29/96 5.62 21.8 15.1 
8/30/96 5.67 23.6 16.5 
8/31/96 4.14 23.1 17.6 
9/1/96 3.67 21.1 16.4 
9/2/96 3.52 25.8 19.3 
9/3/96 3.23 23 21.2 
9/4/96 3.48 22.1 17.1 
9/5/96 3.56 20.4 15.2 
9/6/96 3.63 20 14.9 
9/7/96 2.06 20.1 16.8 
9/8/96 0.50 20.5 18.5 
9/9/96 0.51 18.2 17 
9/10/96 0.42 17 16 
9/1 1/96 0.49 18.7 17.1 
9/12/96 0.60 24.2 21.2 
9/13/96 32.90 41.9 25.3 
9/14/96 14.30 40.7 24.8 
9/15/96 16.00 33.9 15.9



TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at .‘\I'11€l'l(.8II Canal 

9/16/96 5.15 28.8 20 
9/17/96 0.50 23.3 22.1 
9/18/96 0.87 22 21.2 
9/19/96 1.06 19.2 19.1 
9/20/96 1.06 15.8 16 
9/21/96 1.01 13.2 15 
9/22/96 0.98 11.6 13.6 
9/23/96 0.98 14.4 14.1 
9/24/96 0.99 12.8 11.4 
9/25/96 0.93 11.8 10.5 
9/26/96 0.88 14.8 12.9 
9/27/96 0.87 17.2 15.4 
9/28/96 0.86 18.5 16 
9/29/96 0.86 22.9 20.1 
9/30/96 0.82 22.1 19.1 
10/1/96 8.55 48.3 24.7 
10/2/96 4.97 37 22.7 
10/3/96 1.09 18.3 15.5 
10/4/96 1.00 15.2 12.1 
10/5/96 0.97 13.9 11 
10/6/96 0.99 13 11.1 
10/7/96 1.00 12.7 11 
10/8/96 1.01 11.4 10.5 
10/9/96 1.03 10.2 9.38 
10/10/96 1.07 9.81 8.85 
10/11/96 1.08 8.93 8.13 
10/12/96 1.10 8.52 7.85 
10/ 1 3/96 1.12 8.09 7.64 
10/14/96 1.11 8.01 7.67 
10/15/96 5.18 8.09 2.97 
10/16/96 8.45 7.62 0.03 
10/17/96 7.84 7.25 0.03 
10/1 8/96 7.28 6.74 0.03 
10/19/96 7.01 6.6 0.03 
1 0/20/96 6.89 7.28 0.03 
10/21/96 6.71 6.31 0.03 
10/22/96 6.44 6.03 0.03 
10/23/96 6.41 6.01 0.03 
1 0/24/96 6.43 6.05 0.03 
10/25/96 6.28 5.91 0.03 
10/26/96 6.16 5.74 0.03 
10/27/96 6.02 5.64 0.03 
10/28/96 6.18 6.13 0.03 
1 0/29/96 6.18 6.22 0.03 
10/30/96 6.05 6.18 0.03 
10/31/96 6.02 5.93 0.03 
11/1/96 5.78 5.58 0.03 
1 1/2/96 5.37 5 0.03 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND “ Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

11/3/96 5.26 4.91 0.03 
1 1/4/96 5.26 4.78 0.03 
1 1/5/96 5.20 4.78 0.03 
1 1/6/96 5.11 4.76 0.03 
1 1/7/96 4.98 4.64 0.03 
1 1/8/96 4.82 4.58 0.03 
1 1/9/96 4.88 4.83 0.03 
11/10/96 4.81 4.79 0.03 
11/11/96 4.72 4.74 0.02 
11/12/96 4.64 4.68 0.02 
11/13/96 4.64 4.7 0.02 
11/14/96 4.57 4.63 0.02 
11/15/96 4.53 4.61 0.02 
11/16/96 4.44 4.51 0.02 
11/17/96 4.22 4.1 0.02 
11/18/96 4.24 4.21 0.02 
11/19/96 4.23 4.11 0.02 
1 1/20/96 4.18 4.16 0.02 
11/21/96 4.16 4.23 0.02 
1 I/22/96 4.13 4.21 0.02 
1 1/23/96 4.17 4.11 0.02 
1 1/24/96 4.07 3.98 0.02 

3.91 3.84 0.02 ' 1 1/25/96 
1 1/26/96 4.07 3.94 0.02 
1 1/27/96 4.10 3.99 0.02 
1 1/28/96 4.08 3.85 0.02 
1 1/29/96 4.21 3.97 0.02 
1 1/30/96 4.10 3.76 0.02 
12/1/96 4.07 3.63 0.02 
12/2/96 
12/3/96 

4.06 
4.03 

3.71 
3.52 

0.02 
0.02 

12/4/96 3.92 3.37 0.02 
12/5/96 3.87 3.3 0.02 
12/6/96 3.77 3.14 0.02 
12/7/96 3.80 3.09 0.02 
12/8/96 3.76 3.04 0.02 
12/9/96 3.79 3.07 0.02 
12/10/96 3.76 3.01 0.02 
12/11/96 3.68 2.8 0.02 
12/12/96 3.67 2.67 0.02 
12/13/96 3.81 2.82 0.02 
12/14/96 3.75 2.7 0.02 
12/15/96 3.75 2.6 0.02 
12/16/96 3.47 2.54 0.02 
12/17/96 3.53 2.72 0.02 
12/18/96 3.23 2.37 0.02 
12/19/96 3.27 2.24 0.02 

3.44 2.51 0.02 ‘ 12/20/96 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

12/21/96 3.39 2.58 0.02 
12/22/96 3.24 2.6 0.02 
12/23/96 3.16 2.43 0.02 
1 2/24/96 3.12 2.32 0.02 
12/25/96 3.12 2.28 0.02 
12/26/96 3.09 2.26 0.02 
1 2/27/96 2.99 2.14 0.02 
1 2/28/96 2.95 2.11 0.02 
1 2/29/96 2.99 2.05 0.02 
12/30/96 2.98 2.02 0.02 
12/31/96 3.12 2.15 0.02 
1/1/97 3.02 2.16 0.02 
1/2/97 2.99 2.04 0.02 
1/3/97 3.04 2 0.02 
1/4/97 3.04 2.23 0.02 
1/5/97 3.03 2.17 0.02 
1/6/97 3.02 2.4 0.02 
1/7/97 3.03 1.78 0.02 
1/8/97 3.23 2.74 0.02 
1/9/97 3.36 2.81 0.02 
1/10/97 3.15 2.86 0.02 
1/11/97 3.13 2.83 0.02 
1/12/97 3.01 2.88 0.02 
1/13/97 2.89 2.67 0.02 
1/14/97 2.73 2.24 0.02 
1/15/97 2.80 2.45 0.02 
1/16/97 3.03 2.55 0.03 
1/17/97 2.82 2.37 0.03 
1/18/97 2.68 2.32 0.03 
1/19/97 2.66 2.28 0.03 
1/20/97 2.70 2.28 0.03 
1/21/97 2.72 2.27 0.03 
1/22/97 
1/23/97 

2.72 
2.75 

2.22 
2.3 

0.03 
0.03 

1/24/97 2.54 2.1 0.03 
1/25/97 7.23 6.59 0.03 
1/26/97 10.30 8.76 0.03 
1/27/97 
1/28/97 

11.00 
11.00 

8.74 
9.16 

0.03 
0.03 

1/29/97 11.10 9.54 0.04 
1/30/97 10.70 9.14 0.04 
1/31/97 10.70 9.23 0.04 
2/1/97 10.80 9.36 0.04 
2/2/97 10.40 9.39 0.04 
2/3/97 8.12 7.18 0.04 
2/4/97 5.60 4.42 0.04 
2/5/97 4.84 3.6 0.04 
2/6/97 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND Q Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

2/7/97 3.91 2.96 0.04 
2/8/97 3.62 2.69 0.04 
2/9/97 3.44 2.52 0.04 
2/10/97 3.23 2.29 0.04 
2/1 1/97 3.21 2.24 0.04 
2/12/97 3.06 2.15 0.04 
2/13/97 2.97 2.08 0.04 
2/14/97 3.62 3.02 0.04 
2/15/97 4.55 4.14 0.04 
2/16/97 3.98 3.4 0.04 
2/17/97 4.11 3.96 0.04 
2/18/97 3.46 9.3 4.86 
2/19/97 1.22 11 8.74 
2/20/97 1.04 9.45 7.56 
2/21/97 0.97 11.9 9.69 
2/22/97 0.93 13.9 11.1 
2/23/97 0.86 13.7 10.8 
2/24/97 0.84 14.1 11.1 
2/25/97 0.80 13.8 10.9 
2/26/97 0.73 14.2 11.5 
2/27/97 0.72 15.4 12.2 
2/28/97 0.65 11.2 9.17 

0.62 12.6 10 ' 3/1/97 
3/2/97 0.60 14.5 11.9 
3/3/97 0.60 22.2 17.2 
3/4/97 0.54 21.1 17.8 
3/5/97 0.51 20.5 17.1 
3/6/97 0.47 17.9 14.9 
3/7/97 0.45 17.6 14.9 
3/8/97 0.48 19.6 16.6 
3/9/97 0.49 22.5 19 
3/10/97 0.51 24.4 21.1 
3/1 1/97 0.58 29.1 24.7 
3/12/97 0.55 28.6 24 
3/13/97 0.50 27.8 23.4 
3/ 14/97 0.53 24.6 21.9 
3/15/97 0.53 28.5 21.3 
3/16/97 0.57 28.6 22.1 
3/17/97 2.74 31.2 23.9 
3/18/97 3.77 32.3 23.9 
3/19/97 4.98 31.1 22.1 
3/20/97 5.45 34.7 24.5 
3/21/97 5.53 36 25.5 
3/22/97 5.62 35.1 24.7 
3/23/97 5.56 33.7 23.9 
3/24/97 5.61 35.5 25.4 
3/25/97 5.37 36.9 27.4 

6.26 38.6 28.4 ' 3/26/97 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at Al‘I1EI'IC8II Canal 

3/27/97 6.01 36.6 27 
3/28/97 5.32 33 24.3 
3/29/97 5.26 27.7 19.5 
3/30/97 5.22 25.6 17.4 
3/31/97 5.24 29.1 19.5 
4/1/97 5.64 26.7 17.3 
4/2/97 5.73 24.1 15.1 
4/3/97 5.79 22 13.5 
4/4/97 5.76 22.5 14 
4/5/97 5.42 22.9 14.7 
4/6/97 5.24 22 13.9 
4/7/97 5.21 24.6 16.5 
4/8/97 5.38 24.6 16.6 
4/9/97 5.52 21.1 14.1 
4/10/97 5.58 20.4 13.7 
4/11/97 5.61 22.4 15.4 
4/12/97 5.39 22.7 16 
4/ 1 3/97 5.31 22.2 15.7 
4/14/97 5.31 20.4 14.4 
4/15/97 5.56 19.7 13.5 
4/16/97 5.58 18.6 12.3 
4/17/97 5.68 16.9 10.2 
4/18/97 5.50 17.7 10.4 
4/19/97 5.06 18.5 11.5 
4/20/97 4.92 19.8 12.7 
4/21/97 5.04 18.2 11.7 
4/22/97 5.23 19.3 12.8 
4/23/97 5.20 19.4 13 
4/24/97 4.97 17.8 11.8 
4/25/97 
4/26/97 

5.14 
5.55 

16.9 
18.6 

10.8 
11.9 

4/27/97 5.67 21.6 14.7 
4/28/97 5.62 21.3 14.8 
4/29/97 5.44 19.2 13.1 
4/30/97 
5/1/97 

3.93 
3.42 

17.5 
15.1 

13.2 
11.7 

5/2/97 3.45 17.8 13.9 
5/3/97 3.28 16.2 12.4 
5/4/97 3.23 15.4 12 
5/5/97 3.22 17.9 14.3 
5/6/97 3.32 17.1 13.5 
5/7/97 3.34 16.1 12.7 
5/8/97 3.38 18.5 14.6 
5/9/97 3.44 25.1 20.6 
5/10/97 3.39 26.3 21.4 
5/1 1/97 3.42 23.4 19.3 
5/12/97 3.34 20.1 16.3 
5/13/97 3.43 20.4 16.2 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

5/ 14/97 3.44 21.4 16.8 
5/15/97 3.43 18.1 14.2 
5/16/97 3.43 13.6 10 
5/17/97 3.41 13.4 9.97 
5/18/97 3.45 14.8 11.7 
5/19/97 3.51 15.2 12.5 
5/20/97 3.53 14.6 12.1 
5/21/97 3.52 14.7 12.6 
5/22/97 3.52 18.5 16.4 
5/23/97 3.49 20.9 18.1 
5/24/97 3.47 19.7 17.4 
5/25/97 3.49 19.6 17.6 
5/26/97 3.56 19.2 17 
5/27/97 3.52 18.3 15.8 
5/28/97 3.41 19.9 15.1 
5/29/97 3.36 17.9 12.8 
5/30/97 3.41 17.6 13.1 
5/31/97 5.63 17.7 10.8 
6/1/97 6.57 20.9 13.6 
6/2/97 6.81 31.7 24.2 
6/3/97 6.64 35.1 27.3 
6/4/97 6.79 34.7 26.1 
6/5/97 6.59 32.7 24.6 
6/6/97 15.40 47.4 25.2 
6/7/97 10.80 36.7 26.6 
6/8/97 13.20 36.6 27.4 
6/9/97 23.60 47.6 27.5 
6/10/97 12.90 35.8 27.8 
6/1 1/97 8.05 31.9 28.5 
6/12/97 8.27 26.8 24.7 
6/13/97 7.62 20.3 18.4 
6/14/97 6.96 21.3 19.8 
6/15/97 7.20 25.7 22.9 
6/16/97 7.10 31.9 27.2 
6/17/97 
6/18/97 

6.75 
6.15 

33.4 
28.2 

27.5 
23.8 

6/19/97 6.18 23.5 19.5 
6/20/97 6.30 24.2 19.4 
6/21/97 6.54 24.4 19.2 
6/22/97 
6/23/97 

6.57 
6.51 

24.5 
26.8 

19.2 
20.4 

6/24/97 6.12 24.6 18.4 
6/25/97 6.65 28.4 20.6 
6/26/97 6.34 32.8 24 
6/27/97 6.37 34.7 25.6 
6/28/97 6.64 35.7 26.3 
6/29/97 6.76 36.5 27.2 
6/30/97 7.50 38.7 29.1 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND ' Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

7/1/97 6.96 38.9 29.7 
7/2/97 6.72 38.3 29.6 
7/3/97 6.58 36.4 27.7 
7/4/97 6.67 34.4 26 
7/5/97 6.57 32.3 24.5 
7/6/97 6.63 36.1 26.7 
7/7/97 6.61 39.1 29.8 
7/8/97 6.69 38.5 29.5 
7/9/97 6.69 37.1 27.5 
7/10/97 6.95 33.3 24.6 
7/11/97 7.01 33.2 24.2 
7/12/97 6.69 32.4 24.3 
7/13/97 6.74 31.4 23.6 
7/14/97 6.71 30.9 23.6 
7/15/97 6.59 30.8 23.5 
7/16/97 6.38 30.1 23.2 
7/17/97 6.42 34.1 26.1 
7/1 8/97 6.73 35.4 27.7 
7/19/97 6.85 34.2 27 
7/20/97 6.79 32.3 25.8 
7/21/97 6.82 32.9 26.4 
7/22/97 6.73 36.8 29.9 

12.40 44.6 30.1 ' 7/23/97 
7/24/97 9.29 38.2 29.5 
7/25/97 6.64 33.8 27.5 
7/26/97 6.64 36.8 29.3 
7/27/97 6.49 35.4 27.8 
7/28/97 6.61 37.5 29.1 
7/29/97 8.43 41 30 
7/30/97 7.30 37.3 28.9 
7/31/97 7.22 40.5 31 
8/1/97 9.16 43.9 30.8 
8/2/97 6.24 36.6 29.2 
8/3/97 4.96 26 21.6 
8/4/97 5.56 23.9 18.2 
8/5/97 6.05 26.5 19.5 
8/6/97 5.99 27.8 20.8 
8/7/97 6.07 31.2 22.8 
8/8/97 5.79 34.3 26.2 
8/9/97 5.40 30.3 23.8 
8/10/97 5.43 28.7 21.6 
8/1 1/97 5.43 30.2 22.6 
8/12/97 5.51 29.1 21.9 
8/13/97 5.50 28.6 21.2 
8/ 1 4/97 5.78 34.2 25.7 
8/15/97 7.57 38.9 28.2 

6.23 30.5 23.1 
5.57 29.1 22.1 

s/1 6/97 ' 8/17/97 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

8/18/97 5.55 32.4 25 
8/19/97 5.53 32.5 25 
8/20/97 5.42 30.8 23.9 
8/21/97 5.33 28.5 21.7 
8/22/97 5.55 29.5 21.6 
8/23/97 5.52 30.1 21.3 
8/24/97 5.51 32.4 23.6 
8/25/97 5.53 34.6 25.9 
8/26/97 5.51 35.1 26 
8/27/97 5.48 33.1 24.8 
8/28/97 5.47 32.5 24.2 
8/29/97 5.54 32.7 23.8 
8/30/97 5.38 30.2 22.3 
8/31/97 3.96 29.3 22.3 
9/1/97 3.41 33 25.9 
9/2/97 3.22 33.2 26.4 
9/3/97 3.11 32.5 26.1 
9/4/97 3.24 27.3 21.6 
9/5/97 3.36 23.7 18.5 
9/6/97 3.33 24.4 18.8 
9/7/97 3.28 24.2 18.7 
9/8/97 3.37 24.7 18.8 
9/9/97 1.67 24.4 20 
9/10/97 0.63 23.7 20.5 
9/11/97 0.60 27 24 
9/12/97 0.60 31.5 27.2 
9/13/97 0.64 31.5 26.8 
9/14/97 0.68 30.3 26 
9/15/97 0.99 31.5 26.2 
9/16/97 1.14 29.1 24.7 
9/17/97 1.00 24.5 21.4 
9/18/97 0.96 18.8 18.6 
9/19/97 0.90 13.4 15.4 
9/20/97 0.89 15.5 14.9 
9/21/97 0.83 18.1 16 
9/22/97 1.18 24.9 23.4 
9/23/97 16.50 44.7 27.2 
9/24/97 4.27 23.3 23.6 
9/25/97 1.76 18 18.8 
9/26/97 1.30 20.8 19.5 
9/27/97 1.26 20.6 19.3 
9/28/97 1.22 20 18.6 
9/29/97 1.20 16.7 15.3 
9/30/97 1.16 14.2 12.7 
10/1/97 1.13 12.6 10.8 
10/2/97 1.08 12.4 10.6 
10/3/97 1.08 16.5 14.2 
10/4/97 1.08 16.4 14.4 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND “ Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

10/5/97 1.09 16.7 14.7 
10/6/97 1.07 16.1 14.4 
10/7/97 1.03 17 15.5 
10/8/97 1.00 14.4 13.4 
10/9/97 0.97 12.3 11.1 
10/ 10/97 0.99 12.9 11.5 
10/11/97 0.94 13.4 12.1 
10/ 1 2/97 0.88 12.3 11 
10/ 13/97 0.85 15.5 14.3 
10/ 14/97 6.75 18.3 11.2 
10/ 15/97 21.00 20.3 0.19 
10/16/97 28.70 29.4 0.19 
10/ 17/97 25.60 23.9 0.19 
10/1 8/97 19.20 17.5 0.18 
10/19/97 17.00 16.3 0.17 
10/20/97 15.80 15.8 0.15 
10/21/97 14.70 15.4 0.14 
10/22/97 14.20 15.2 0.13 
10/23/97 11.90 12.9 0.12 
1 0/24/97 9.85 10.9 0.1 
10/25/97 11.70 12.4 0.09 
10/26/97 9.25 9.88 0.09 

8.83 9.14 0.08 10/27/97 
10/28/97 8.81 8.87 0.08 
10/29/97 8.64 8.51 0.07 
10/30/97 8.45 8.17 0.07 
10/31/97 8.01 7.86 0.06 
1/1/98 3.86 3.86 0.02 
1/2/98 3.88 3.82 0.02 
1/3/98 3.86 3.82 0.02 
1/4/98 3.83 3.85 0.02 
1/5/98 4.12 4.21 0.02 
1/6/98 4.08 4.09 0.02 
1/7/98 3.81 3.87 0.02 
1/8/98 3.77 3.75 0.02 
1/9/98 3.67 3.60 0.02 
1/10/98 3.56 3.45 0.02 
1/11/98 3.47 3.23 0.02 
1/12/98 3.46 3.10 0.02 
1/13/98 3.41 3.07 0.02 
1/14/98 3.35 2.96 0.02 
1/15/98 3.32 2.83 0.02 
1/16/98 3.48 2.87 0.02 
1/17/98 3.46 2.70 0.02 
1/18/98 3.42 2.61 0.02 
1/19/98 3.52 2.52 0.03 
1/20/98 6.86 6.88 0.03 

8.49 8.86 0.03 “ 1/21/98 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at Amernum Canal 
1/22/98 8.65 9.16 0.03 
1/23/98 8.81 9.41 0.03 
1/24/98 9.14 9.84 0.04 
1/25/98 9.80 9.80 0.04 
1/26/98 9.80 9.69 0.04 
1/27/98 10.00 9.63 0.04 
1/28/98 10.10 9.62 0.04 
1/29/98 10.00 9.62 0.04 
1/30/98 10.20 9.79 0.04 
1/31/98 10.50 9.82 0.05 
2/1/98 10.50 9.93 0.05 
2/2/98 10.20 9.93 0.05 
2/3/98 9.94 10.10 0.05 
2/4/98 9.87 10.20 0.05 
2/5/98 10.20 10.00 0.05 
2/6/98 8.01 7.91 0.05 
2/7/98 6.66 6.63 0.05 
2/8/98 6.18 6.19 0.05 
2/9/98 6.20 6.32 0.05 
2/10/98 7.73 8.08 0.05 
2/11/98 8.22 8.21 0.05 
2/12/98 9.28 8.69 0.05 
2/13/98 7.45 6.97 0.05 
2/14/98 7.12 6.47 0.05 
2/15/98 7.09 6.49 0.05 
2/16/98 7.20 6.62 0.05 
2/17/98 4.09 7.14 3.52 
2/18/98 1.45 7.63 6.81 
2/19/98 1.34 7.64 6.48 
2/20/98 1.20 9.43 8.15 
2/21/98 1.10 10.10 8.71 
2/22/98 1.03 10.10 8.80 
2/23/98 1.01 11.10 9.71 
2/24/98 0.97 9.95 8.28 
2/25/98 0.89 9.42 7.81 
2/26/98 0.85 8.92 7.42 
2/27/98 0.93 10.30 8.80 
2/28/98 0.95 10.40 8.86 
3/1/98 1.02 13.50 11.60 
3/2/98 1.03 17.90 15.80 
3/3/98 0.97 19.50 17.30 
3/4/98 0.94 18.10 16.50 
3/5/98 0.90 16.20 15.00 
3/6/98 0.88 14.30 13.50 
3/7/98 0.83 15.60 15.00 
3/8/98 0.84 18.70 17.50 
3/9/98 0.89 24.20 22.20 
3/10/98 0.88 25.10 22.90 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, CUBIC METERS PER SECOND “ Date Measured Pump House Below American Dam Courchesne Bridge Dive}-_§i0n at Amerlcan Canal 

3/11/98 0.81 22.30 20.60 
3/12/98 0.76 23.60 21.50 
3/13/98 0.77 23.50 21.40 
3/14/98 0.84 23.60 21.30 
3/15/98 0.88 25.80 23.00 
3/16/98 1.01 28.60 25.70 
3/17/98 2.52 27.80 24.10 
3/18/98 3.44 26.00 22.00 
3/19/98 4.76 25.10 20.70 
3/20/98 5.41 24.90 19.60 
3/21/98 5.45 23.60 19.00 
3/22/98 5.53 23.70 19.30 
3/23/98 5.50 25.40 20.10 
3/24/98 5.43 28.20 21.60 
3/25/98 5.44 29.60 23.70 
3/26/98 5.34 28.50 23.20 
3/27/98 5.22 26.70 21.90 
3/28/98 5.28 23.20 19.50 
3/29/98 5.18 19.50 16.00 
3/30/98 5.23 16.80 13.70 
3/31/98 5.32 20.10 16.10 
4/1/98 5.29 20.80 16.30 

5.17 19.30 14.90 4/2/98 
4/3/98 5.28 17.30 12.90 
4/4/98 5.25 18.40 13.60 
4/5/98 5.15 18.90 14.80 
4/6/98 5.12 17.80 13.50 
4/7/98 5.27 19.50 13.70 
4/8/98 5.25 17.30 12.20 
4/9/98 5.34 18.80 13.20 
4/10/98 5.37 23.70 17.40 
4/11/98 5.35 20.40 15.00 
4/12/98 5.42 21.90 15.60 
4/13/98 5.39 24.20 18.50 
4/14/98 5.17 24.60 18.80 
4/15/98 5.07 21.80 17.00 
4/16/98 5.05 19.10 14.70 
4/17/98 
4/18/98 

5.05 
5.00 

19.40 
19.80 

14.60 
14.80 

4/19/98 4.88 20.80 15.30 
4/20/98 4.88 19.00 13.60 
4/21/98 5.34 17.70 12.20 
4/22/98 5.47 16.90 11.20 
4/23/98 5.31 16.00 10.50 
4/24/98 5.20 15.90 10.30 
4/25/98 5.17 16.80 10.70 

5.11 18.20 10.90 
5.16 19.70 12.30 

4/26/98 “ 4/27/98 
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TABLE 2-10. 
RIO GRANDE DAILY MEAN DISCHARGE RATES, cumc METERS PER SECOND 

Date Measured Pump House Below American Dam Courchesne Bridge Diversion at American Canal 

4/28/98 5.18 23.20 16.30 
4/29/98 5.15 21.30 15.10 
4/30/98 3.04 20.60 16.30 
5/ 1/98 2.46 21.20 17.30 
5/2/98 2.35 21.70 18.10 
5/3/98 2.37 19.20 16.30 
5/4/98 2.33 16.90 13.80 
5/5/98 2.34 15.10 13.10 
5/6/98 2.35 14.80 11.90 
5/7/98 2.32 14.90 11.70 
5/8/98 2.33 17.70 13.30 
5/9/98 2.39 17.90 14.60 
5/10/98 2.39 19.60 14.90 
5/11/98 2.42 20.60 16.30 
5/12/98 2.39 19.90 17.30 
5/13/98 2.34 18.50 16.10 
5/14/98 2.35 17.00 14.60 
5/15/98 2.38 15.60 12.90 
5/16/98 2.36 18.90 15.40 
5/17/98 2.28 22.60 18.70 
5/18/98 2.32 18.40 16.20 
5/19/98 2.40 18.20 15.60 
5/20/98 2.50 17.20 15.00 
5/21/98 2.46 15.40 13.60 
5/22/98 
5/23/98 

2.47 
2.40 

15.30 
15.30 

14.10 
14.00 

5/24/98 2.43 17.50 15.80 
5/25/98 2.41 19.30 17.00 
5/26/98 2.35 17.90 15.90 
5/27/98 2.25 16.30 14.70 
5/28/98 2.18 16.10 14.40 
5/29/98 2.19 18.00 16.50 
5/30/98 2.28 19.20 17.80 
5/31/98 5.20 23.10 18.60 
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TABLE 2-12. RIO GRANDE FLOW DATA TRENDS (MEAN DAILY DISCHARGE, 
_ 

CUBIC METERS/SECON D) 

06-01-96 22.00 5.37 

12-01-96 3.63 4.07 

07-01-97 38.90 6.96 

10-31-97 7.86 8.01 

I 

Date Measured 
‘ 

Courchesne Bridge 
I 

Pump House 

Notes: See Figure 2-2 for sample locations. 
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0 A AMERICAN CANAL 
TABLE 2-13. FLOW RATES AND ARSENIC CONCENTRATIONS IN THE 

Flow Rate“) Arsenic Concentrations (mgll) 
Date Measured Diversion at SEP-7 SEP-1 SEP-3 

American Canal 

November 1997 0.062’ 0.01 0.8 1.6 

August 1997 29.7 0.006 0.005 

’ 

0.005

‘ 

= milligrams per liter. 
(1) = Flow rate as mean daily discharge in cubic meters per second. 
(2) = Measured in October 1997.

> 

mg/1 
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TABLE 2-14. DRINKING WATER STANDARDS 
MAXIMUM CONTAMINANT LEVELS (MCL) 

I 

Parameter Units Federal“) Texas”) 

l 

Arsenic mg/l 0.05 0.05 
Cadmium mg/l 0.005 0.005 
Chromium mg/l 0.1 0.1 

Copper mg/l 1.3 (action level) 1.0 (secondary MCL) 
Iron mg/1 0.3 (secondary MCL) 0.3 (secondary MCL) 
Lead mg/l 0.015 (action level) 0.015 (action level) 
Selenium mg/1 0.05 0.05 
Zinc mg/l 5 (secondary MCL) 5.0 (secondary MCL) 
pH units 6.5 - 8.5 (secondary MCL) >7.0 (secondary MCL) 
Specific 
Conductivity 

Solids 
Total Dissolved mg/1 500 (secondary MCL) 1,000 (secondary MCL) 

Notes: 
MCLs are enforceable primary drinking water standards. 
Secondary MCLs are nonenforceable federal guidelines. 
Action levels are nonenforceable health-based guidance levels. 
No standard has been established for specific conductivity. 
mg/1 = milligrams per liter. 

EPA, Drinking Water Regulations and Health Advisories, October 1996. 
Texas Natural Resource Conservation Commission, Chapter 290 — Water 

(1) Source: 
(2) Source: 

Hygiene, Subchapter F, Drinking Water Standards Goveming Drinking Water 
Quality and Reporting Requirements for Public Water Supply Systems. 

H:\FILES\l 28\O734\R IREPORT\TABLES\SEC2TABS.DOC\TUC\09/16/98\065



�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������



TABLE 2-16. Wells Used in Aquifer Testing 

Well Test Dates Total Well 
Identifier Depth 

(feet) (feet) 

Estimated Saturated Target Aquifer 
Thickness 

EP-62 5/ 1/98 17 8 Rio Grande Fluvial 
EP-72 4/29/98 75 16 Arroyo Colluvial 
EP-73 4/29/98 80 9 Arroyo Colluvial 
EP-77 5/ 1/98 55 14 Arroyo Colluvial 

4/30/98 and 25 

5/1/98 

EP-85 10 Arroyo Colluvial 

Note: Well locations shown on Exhibit 1. 
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TABLE 2-17. Summary of Aquifer Test Results 

‘ 

Aquifer Testing Saturated Hydraulic Storativity 
Method Thickness Conductivity d. . 

(feet) (cm/S) ( lmenslonless) 

Rio Grande Alluvial Theis Recovery 20-50 0.006 0.018 

Anoyo Colluvial Theis Recovery 20-50 0.00025 — 0.001 0.013 - 0.038 

Bedrock N/A N/A 
N/A = not available at the time of this study 
cm/s = centimeter per second 
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TABLE 2-18. CONCEPTUAL MODEL 1 PARAMETERS 

Parameter Abbreviations Value Comments 
Porosity I] 0.42 Collected 1 1/97 from 

Smeltertown 
Aquifer thickness b 15 feet Averaged along flowpath. 
Hydraulic Gradient i 0.065 ft/ft Calculated using the water 

elevation difference divided by 
distance between contour lines 
(e.g., 3730-3720/153). 

Hydraulic 
Conductivity 

K 1 ft/day 1x10‘3 to 2.5x10"“ Cm/S; 
Approximate based on aquifer 
test results. 

Source Area cross 
sectional width 

80 feet Approximated from Figure 
2-42. 

Groundwater flux at 
source 

Q 100 ft3/day KiA=1*0.065*80* 19 

Arsenic 
Concentration 

315 mg/l EP-49 (closest well 
downgradient of source) (see 
Table G-3) 

Arsenic Load 2 lb/day or 730 
lb/year 

Concentration - Flux = Load 

Time started 1980 
Bulk Density rb 1.76 g/cm“) Estimated“) 
Seepage Velocity V 0.155 ft/day Ki/n= 1ft/day*0.065/0.42 
Dispersivity Dl/Dt 25Oft/25ft Estimated”) 
Partition Coefficient Kd 101/kg median partition b/t soils and 

groundwater (see Table K-1) 
Retardation R 43 1+(rb/n)/Kd 
Decay l 0.0 N/A“) 

(l) Bulk Density Reference: Deck, R.B. et al, Foundation Engineering 2“d edition, 1974, John Wiley & Sons, New York. 
(2) Dispersivity Reference: A Critical Review of Data on Field Scale Dispersion in Aquifer, Gelhar, L.W. et al 

1992. Water Resources Research, Vol. 28, No. 7pp, 1955/1974. 
(3) Not applicable. 
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TABLE 2-19. CONCEPTUAL MODEL 2 PARAMETERS 

Parameters Abbreviations Value Comments 
Porosity 11 0.42 Collected 1 1/97 from 

Smeltertown 
Aquifer thickness b 20 feet Averaged along flowpath. 
Hydraulic Gradient i 0.0385 ft/ft Calculated using the water 

elevation difference divided by 
distance between contour lines 
(e.g., 3735-3730/130). 

Hydraulic 
Conductivity 

K 1 ft/day 1x10‘3 to 2.5x10'4 cm/s; 
Approximated based on 
aquifer test results. 

Source Area cross 
sectional width 

300 feet Approximated from Figure 
2-42. 

Groundwater flux at 
source 

Q 230 ft3/day KiA=1*0.0385*300*20 

Arsenic 
Concentration 

2.25 mg/1 Pond-6 (see Table G-3). 

Arsenic Load 0.032 lb/day or 
1 1.8 lb/year 

Concentration - Flux = Load 

Time started 1930 
Bulk Density rb 1.76 g/cm3 Estimated“) 
Seepage Velocity V 0.092 ft/day Ki/n= 1ft/day*0.0385/0.42 
Dispersivity Dl/Dt 250ft/25ft Estimatedm 
Partition Coefficient Kd 4 1/kg Median partition b/t soils and 

groundwater (See Table K-1) 
Retardation R 20 1+(rb/n)/Kd 
Decay 1 0.0 N/A6) 

(1) Bulk Density Reference: Deck, R.B. et al, Foundation Engineering 2"d edition, 1974, John Wiley & Sons New York. 
(2) Dispersivity Reference: A Critical Review of Data on Field Scale Dispersion in Aquifer, Gelhar, L.W. et a1 

1992. Water Resources Research, Vol. 28, No. 7pp, 1955/1974. 
(3) Not applicable. 
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TABLE 2-20. CALIBRATION PARAMETERS: MODEL 1 

Groundwater Aquifer Porosity Lo/L,u) nu) Source Loading Rate 
Velocity Thickness Length (lbs/day)(3) 
(ft/day) (rt) (rt) 

l 

0.155 
‘ 

15 
l 

0.42 I250/25’ 20 
V 

80 
I 

8
‘ 

Notes: 

(1) Lo,L, are the longitudinal and latitudinal dispersivity factors, respectively. 
(2) rf is the retardation factor. 

(3) Loading rate is distributed over two points fifty feet apart in the source area. 
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TABLE 2-21. CALIBRATION PARAMETERS: MODEL 2 

Groundwater Aquifer Porosity L0/L,(1) rfm Source Loading Rate 

(ft/day) ‘ (ft) ‘
' 

Velocity Thickness Length (lbs/day)‘3) 
(ft) 

Notes: 

(1) L0,L, are the longitudinal and latitudinal dispersivity factors, respectively. 
(2) rf is the retardation factor. 

(3) Loading rate is distributed over five points in groups of 3 and 2 for each pond. 
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‘ 
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‘ 
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‘ 

300 
I 

0.224
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TABLE 2-23. SURFACE WATER IMPACTS SUMMARY 
Rio Grande Results 

Arsenic Arsenic Load Modeled Load from 
Concentration (kg/day)(3) Groundwater 
(m g/0"’ (kg/day) 

Source Area 1(1) 

Current 0.006 0.047 

With Source Control 0.019 0.146 0.099 
With No Source 
Control 

0.087 0.678 0.631 

Source Area 2(1) 

Current 0.006 0.047 

With Source Control 0.0066 0.052 0.005 
With No Source 0.0075 0.058 0.012 
Control 

(1) Source Area 1 = Acid Plant Mist Precipitator; Source Area 2 = Ponds 5 and 6 Arroyo 
(2) From current data or groundwater modeling results. Model results for 280 years 

(Source Area 1) or 540 years (Source Area 2) from estimated release time. 
(3) Calculated using model results and presumed low flow conditions: 

0 0.09 m3/sec river flow 
0 1132 ft3/day groundwater flux, 3.1 mg/1 groundwater arsenic for Source Area 1 with 
source control 

0 1212 ft3/day groundwater flux, 18.4 mg/1 groundwater arsenic for Source Area 1 with 
no source control 

0 375 ft3/day groundwater flux, 0.48 mg/1 groundwater arsenic for Source Area 2 with 
source control 

- 578 ft3/day groundwater flux, 0.711 mg/1 
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TABLE 3-1. SUMMARY OF BOREHOLE SAMPLE RESULTS, 
INVESTIGATION AREA 1 

Location Depth Arsenic Cadmium Lead Selemum 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

SSIAI-1 0-2 in. 3,200 1,900 1 1,000 

1.5-2.5 ft. 2,300 91 5,000 
3-4 ft.

' 

4,700 1,700 12,000 

4 -5 ft. 2,600 900 20,000 
SSIAI-2 0-2 in. 21,000 1,100 15 

1.5-2.5 ft. 22,000 1,600 5,400 
3-4 ft. 15,000 1,200 8,900 

| 4-5n. 22,000 1,300 4,000 
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TABLE 3-2. SUMMARY OF GROUNDWATER SAMPLE RESULTS, 
" = INVESTIGATION AREA 1 

Monitor Well Arsenic Cadmium Lead Selenium 
(mg/l) (mg/I) (mg/1) (mg/I) 

EP-52 
' 

1.29 0.68 0.044 . 
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TABLE 3-3. SUMMARY OF GROUNDWATER SAMPLE RESULTS, 
INVESTIGATION AREA 2 (SUB-AREA 1) 

' 

Well Arsenic Cadmium Lead Selenium
' (mg/l) (mg/|) (mg/l) (mg/1) 

EP-53 57 1.4 < 0.003 1.2 

EP-75 17 0.030 0.003 5 

EP-76 0.48 < 0.005 0.004 0.15 
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TABLE 3-4. SUMMARY OF BOREHOLE SAMPLE RESULTS, 
INVESTIGATION AREA 2 (SUB-AREA 2) 

| 

Borehole Arsenic Cadmium Lead Selenium 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

RIBH-1 4,400 2,100 1 1,000 20 
RIBH-2 82 <10 39 <10 
RIBH-3 <20 <10 800 <10 
RIBH-4 280 24 970 <10 
RIBH-5 <20 <10 210 <10 
RIBH-6 270 <10 830 15 

EP-78 990 46 530 <10 
EP-79 <20 <10 17 <10 
EP-81 150 15 790 <10 
EP-83 <20 <10 20 <10 
EP-85 59 <10 150 <10 
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TABLE 3-5. SUMMARY OF GROUNDWATER SAMPLE RESULTS, 
INVESTIGATION AREA 2 (SUB-AREA 2) 

(mg/I) (mg/l) (mg/1) 

Well Arsenic Cadmium Lead Selenium 

(mg/I) 

EP-78 5.8 < 0.005 < 0.003 0.25 

EP-79 0.009 < 0.005 < 0.003 0.18 

EP-81 0.24 < 0.005 < 0.003 0.21 

EP-83 0.008 < 0.005 < 0.003 0.047 

EP-85 3.0 < 0.005 < 0.003 0.18 
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TABLE 3-6. SUMMARY OF BOREHOLE SAMPLE RESULTS, ‘ 4 INVESTIGATION AREA 3 

Metal Depth Minimum Maximum 
(mg/kg) (mg/kg) 

Arsenic 0-2in. <20 7,800 

1.5-2.5 ft. 10 3,000 

3-4 ft. 28 2,000 

4-5ft. <20 3,500 

Cadmium 0-2in. 25 1,600 

1.5-2.5 ft <5 440 
3-4 ft. <5 270 
4-5ft. <10 550 

Lead 0-2in. 220 19,000 

1.5-2.5 ft. 37 6,900 
3-4 ft. 95 4,200 

4-5ft. 45 20,000 
Selenium O-2in. <10 77 

1.5-2.5 ft. <5 94 
3-4 ft. <5 46 
4-5ft. <10 44 

H:\F1LES\1 28\0734\RIREPORT\TABLES\SEC3TABL.DOC\TUC\09/1 6/98\065 

__ ___M __4

�



TABLE 3-7. SUMMARY OF GROUNDWATER SAMPLE RESULTS, 
INVESTIGATION AREA 3 

Well Arsenic Cadmium Lead Selenium 

(mg/1) (mg/I) (mg/l) (mg/I) __ 
EP-25 3.1 < 0.005 0.004 0.094 

EP-49 315 43 0.04 0.15 

EP-52 1.29 0.68 0.044 0.33 

EP-54 32 3 0.004 0.073 

EP-55 59 0.06 0.006 0.22 

EP-73 0.049 < 0.005 0.003 1.2 
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TABLE 3-8. SUMMARY OF SOIL SAMPLE RESULTS, 
1995 ACID SPILL INVESTIGATION 

(feet) 

‘Borehole Depth Arsenic Cadmium Lead 
(mg/kg) (mg/kg) (mg/kg) 

Selenium Sulfate 

(mg/kg) (mg/kg) 
AB-1 3-5 2,920 185 918 <12 26,900 

7-9 2,140 294 2610 <12 1 1,200 

11-12 585 98 388 <12 10,400 
AB-2 3-5 1,000 470 1 100 <12 8,900 

7-9 640 32 221 <12 6,150 
11-13 430 108 162 <12 1 1,750 

AB-3 3-5 378 236 404 <12 5,050 
7-9 304 63 139 <12 5,250 

9-11 524 17 19 <12 6,800 
AB -4 3-5 91 <10 268 <12 1,815 

7-9 32 <10 90 <12 1,540 
9-11 <20 <10 59 <12 2,395 

AB-5 4-5 28 <10 169 <12 401 
7-9 <20 <10 135 

L0“ 
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TABLE 3-9. SUMMARY OF BOREHOLE SAMPLE RESULTS, 
INVESTIGATION AREA 4 (DOWNSLOPE OF MEDFORD SUMP) 

Minimum Maximum Metal Depth 

Arsenic 0-2 in. 1200 4900 
1.5-2.5 ft. 1,100 

(mg/kg) (mg/kg) 

6,200 

3-4 ft. 40 2,000 
4-5 ft. <20 1200 

Cadmium 0-2 in. 360 1300 
1.5-2.5 ft 66 1,500 

3-4 ft. 22 1,300 

4-5 ft. 15 170 

Lead 0-2 in. 7500 1 1,000 

1.5-2.5 ft 200 1 1,000 

3-4 ft. 58 2,900 
4-5 ft. 27 5800 

Selenium 0-2 in. 33 74 
1.5-2.5 ft <5 120 
3-4 ft. <5 41 

4-5 ft. <20 19 
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TABLE 3-10. SUMMARY OF BOREHOLE SAMPLE RESULTS, 
INVESTIGATION AREA 4 (DOWNSLOPE OF LEAD PLANT) 

Metal Depth Minimum Maximum 
(mg/kg) (mg/kg) 

Arsenic 0-2 in. 840 17,000 

1.5-2.5 ft. 680 2,200 
3-4 ft. 95 1,900 

4-5 ft. 35 1,500 

Cadmium 0-2 in. 290 980
> 

1.5-2.5 ft 55 600 
3-4 ft. <5 300 
4-5 ft. <10 430 

Lead 0-2 in. 5,100 49,000 
1.5-2.5 ft 1,300 12 

3-4 ft. 130 7,500 
4-5 ft. 72 6,800 

Selenium 0-2 in. 24 1,600 

1.5-2.5 ft <5 110 
3-4 ft. <5 130 
4-5 ft. <10 88 
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TABLE 3-11. SUMMARY OF BOREHOLE SAMPLE RESULTS, 
INVESTIGATION AREA 4 (DOWNSLOPE OF SAMPLE MILL)

I 

Location Depth Arsenic Cadmium Lead Selenium 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) _ 

SSIA4-12 0-2 in. 4800 930 13,000 63 
1.5-2.5 ft. <10 18 10,000 <5 
3-4 ft. <10 <5 2,300 15 

4-5 ft. <20 <10 3,200 <10 
SSIA4-13 0-2 in. 860 320 1 1,000 52 

1.5-2.5 ft. 790 320 12,000 70 
3-4 ft. 78 170 1,000 11 

4-5 ft. 78 170 1,000 ll 

SSIA4-14 0-2 in. 1,600 640 14,000 50 
1.5-2.5 ft. 490 190 4,500 16 

3-4 ft. <10 16 280 <5 
4-5 ft. 110 82 1,900 <10 

SSIA4-15 0-2 in. 480 300 6,800 33 
1.5-2.5 ft 440 240 5,300 21 

3-4 ft. <10 13 540 <5 
4-5 ft. 74 23 930 <10 

SSLA4-16 0-2 in. 520 350 5,900 32 
1.5-2.5 ft 66 30 710 <5 
3-4 ft. <10 10 210 <5 
4-5 ft. <20 <10 18 <10 
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TABLE 3-12. SUMMARY OF GROUNDWATER SAMPLE RESULTS, 
INVESTIGATION AREA 4 (DOWNSLOPE OF SAMPLE MILL) 

Well Arsenic Cadmium Lead Selenium
I 

(mg/1) (mg/1) (mg/l) (mg/1)
I 6 4 

3 0 17
I 

EP-13 45 0.75 0.003 . 

EP-29 0. 2 < 0.005 < 0.003 . 
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TABLE 3-13. SUMMARY OF BOREHOLE SAMPLE RESULTS, ‘ INVESTIGATION AREA 4 (DOWNSLOPE OF SOUTH TERRACE AREA) 

Location Depth Arsenic Cadmium Lead Selenlum 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

SSIA4-22 0-2 in. 140 2,200 

1.5-2.5 ft. 45 1,200 

3-4 ft. <10 21 

4-5 ft. <10 210 
SSLA4-23 0-2 in. 250 4,600 

1.5-2.5 ft. <10 370 
3-4 ft. <10 75 
4-5 ft. 29 520 

SSIA4-24 0-2 in. 120 1,800 

1.5-2.5 ft. <10 260 
3-4 ft. 22 190 
4-5 ft. <10 75 

SSIA4-25 0-2 in. 380 9,400 
1.5-2.5 ft <10 370 
3-4 ft. <10 200 
4-5 ft. 120 620 

SSIA4-26 0-2 in. 320 3,800 

1.5-2.5 ft <10 180 
3-4 ft. <10 270 
4-5 ft. <10 550 

SSIA4-27 0-2 in. 370 5,300 

1.5-2.5 ft 25 82 

H:\FILES\128\0734\R1REPORT\TABLES\SEC3TABL.DOC.DOC\TUC\l0/O2/98\065



TABLE 3-14. SUMMARY OF GROUNDWATER SAMPLE RESULTS, ‘ INVESTIGATION AREA 4 (DOWNSLOPE OF SOUTH TERRACE AREA) 

Well 
Monitor Arsenic Cadmium Lead Selenium 

(mg/1) (mg/I) (mg/I) (mg/I) 

EP-20 1.05 0.042 < 0.003 0.36 

EP-70 1.4 0.013 < 0.003 0.22 

EP-7 1 0.16 < 0.005 < 0.003 0.28 

EP-72 0.49 0.21 < 0.003 0.41 
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INVESTIGATION AREA 5 

Metal Depth Minimum Maximum 
(mg/kg) (mg/kg) 

Arsenic 0-2 in. <20 

TABLE 3-15. SUMMARY OF BOREHOLE SAMPLE RESULTS 

240 
1.5-2.5 ft. <10 32 

3-4 ft. <10 100 

4-5 ft. <20 60 
Cadmium 0-2 in. <10 150 

1.5-2.5 ft. <5 44 
3-4 ft. <5 46 
4-5 ft. <10 17 

Lead 0-2 in. 170 4,200 

1.5-2.5 ft. 30 1,800 

3-4 ft. 11 2,200 
4-5 ft. 11 810 

Selenium 0-2 in. <10 30 
1.5-2.5 ft. <5 12 

3-4 ft. <5 <5 
4-5 ft. <10 
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TABLE 3-16. SUMMARY OF GROUNDWATER SAMPLE RESULTS, 
» INVESTIGATION AREA 5 

(mg/l) (mg/I)

| 

Well Arsenic Cadmium Lead Selenium 

(mg/1) (mg/I) 

EP-57 0.96 < 0.005 < 0.003 0.011 

EP-58 3.73 < 0.005 < 0.003 0.062 

EP-59 3.48 < 0.005 < 0.003 0.23 

EP-60 0.007 < 0.005 < 0.003 0.25 

EP-61 0.012 < 0.005 < 0.003 Q36 
EP-62 1.03 < 0.005 < 0.003 0.38 

EP-63 0.02 < 0.005 < 0.003 0.22 

EP-64 0.04 < 0.005 < 0.003 0.62 

I 

EP-65 0.008 < 0.005 < 0.003 0.25 

EP-66 10.93 < 0.005 < 0.003 0.26 

EP-80 0.019 < 0.005 < 0.003 0.03 
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TABLE 3-17. SUMMARY OF BOREHOLE SAMPLE RESULTS, 
INVESTIGATION AREA 8 

Metal Depth Minimum Maximum 
(mg/kg) (mg/kg) 

Arsenic 0-2 in. <20 6,600 

1.5-2.5 ft. <10 3,700 

3-4 ft. <10 6,600 
4-5 ft. <20 3,100 

Cadmium 0-2 in. <10 1,800 

1.5-2.5 ft <5 1,300 

3-4 ft. <5 1 ,000 

4-5 ft. <10 530 
Lead 0-2 in. 44 25,000 

1.5-2.5 ft 73 43,000 
3-4 ft. 36 71,000 
4-5 ft. 13 22,000 

Selenium 0-2 in. <10 180 

1.5-2.5 ft. <5 60 
3-4 ft. <5 68 
4-5 ft. <10 72 
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TABLE 3-18. SUMMARY OF GROUNDWATER SAMPLE RESULTS, 
INVESTIGATION AREA 8 

(mg/I) (mg/I) (mg/I) 

Well Arsenic Cadmium Lead Selenium 

(mg/I) 

EP-15 0.032 0.006 < 0.003 0.17 

EP-67 0.020 < 0.005 < 0.003 0.14 

EP-70 1.64 0.012 < 0.003 0.23 

EP—72 0.49 0.21 < 0.003 0.41 
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TABLE 3-19. SUMMARY OF POND WATER SAMPLES, D _ 

INVESTIGATION AREA 9 

Pond 1 0.26 12.7 0.13 1.12 

Pond 5 0.11 5.02 0.18 0.13 

Pond Arsenic Cadmium Lead Selenium 
(mg/I) (mg/|) (mg/l) (mg/l) 

| 

Pond 6 
, 

2.73 
' 

0.08 
' 

0.13 
I 

0.09 

0 I

Q 
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-RESULTS, INVESTIGATION AREA 9 

TABLE 3-20a. SUMMARY OF POND 1 ARROYO GROUNDWATER SAMPLE 

Pond 1 

Well Arsenic Cadmium 
(mg/I) (mg/I) 

Lead 
(mg/1) 

Selenium 

(mg/kg) 
EM—2 0.635 0.005 < 0.003 0.13 

EM-4 0.01 0.004 < 0.003 0.005 

EP-12 1.167 < 0.005 < 0.003 3.057 

EP-14 1.267 < 0.005 0.0032 0.297 
EP-29 0.323 < 0.005 < 0.003 0.168 

EP-35 0.448 < 0.005 < 0.003 3.675 

EP-43 0.90 < 0.005 < 0.003 0.241 

“ TABLE 3-20b. SUMMARY OF PONDS 5 AND 6 ARROYO GROUNDWATER 
SAMPLE RESULTS, INVESTIGATION AREA 9 

Ponds 5 and 6 
Well 

(mg/I) 

Arsenic Cadmium 
(mg/I) 

Lead 
(mg/1) 

Selenium 

(mg/kg) 
EM-5 1.65 0.0580 0.0075 0.0153 
EM—6 0.027 < 0.005 < 0.003 0.105 
EP-26 0.418 0.620 0.016 0.115 
EP-56 2.22 0.003 < 0.003 0.053 
EP-66 10.93 < 0.005 < 0.003 0.026 
EP-77 5.68 0.014 0.005 0.020 
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TABLE 3-21. SUMMARY OF BOREHOLE SAMPLE RESULTS, 
INVESTIGATION AREA 10 

Location Depth Arsenic Cadmium Lead Selenium 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

SSENT-1 0-2 in. 470 75 5,700 

1.5-2.5 ft <10 <5 300 
3-4 ft. <10 <5 160 
4-5 ft. <10 <5 94 

SSENT-2 0-2 in. 340 100 3,300 

1.5-2.5 ft. <10 <5 330 
3-4 ft. <10 <5 430 
4-5 ft. 20 <5 26 

SSENT-3 0-2 in. 340 99 2,800 

1.5-2.5 ft. 34 <5 160 
SSENT-4 0-2 in. 190 80 1,800 

1.5-2.5 ft. 35 <5 37 
SSENT-5 0-2 in. 750 160 5 ,400 

1.5-2.5 ft <10 <5 210 
SSENT-6 0-2 in. 380 100 3,800 

1.5-2.5 ft < 10 34 2,200 
3-4 ft. <10 <5 610 
4-5 ft. <10 <5 38 

SSENT-7 0-2 in. 250 93 2,800 
1.5-2.5 ft <10 <5 30 
3-4 ft. <10 <5 25 

SSENT-8 0-2 in. 520 120 3,000 

1.5-2.5 ft 710 250 1,300 
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TABLE 4-2. PROPOSED SAMPLE ANALYSIS MATRIX 

DESCRIPTION 

[NUMBER INVESTIGATION AREA MEDIA 

NUMBER or NEW 
SAMPLING MONITOR 
smzs SAMPLE m~:P'rns"’ new or BLANK“) oui>."’ TOTAL 

| 

wr~:u.s DESCRIPTION or SAMPLING LOCATIONS 

NUMBER OF SAMPLES TO BE 
ANA LYzEn“’ 

I Converter Baghouse - Medford Sump soil 3 every 5’ to groundwater VNA 4 Boring closest to Medford Sump will be convened to ti monitor well. 
NA 0 
0 0 

2 Boneyard/Slag soil 8 every 5’ to groundwate NA 9 Borings to be located around Boneyard to locate containment sources 

3 Acid Plants l & 2 soil 8 every 5’ to groundwate
I NA 10 Acid Plants I & 2 including Acid Mist Precipitator Building 4 Front Slope Westem boundary of Plant 

5 Smeltertown soil 3 
l 0-2“

“ NA O Three new monitor wells between American Canal and Rio Grand: 
soil 3 every 5’ to groundwate

A 

NA 0 

6 Groundwater groundwater 83 NA 4 36 Will sample existing monitor wells, plus a id proposed wells - EP - 8 and EP - 42 when constructed. 

7 Surface Water surface water l6 NA 4 4 

Sample at 7 locations in Rio Grande and 4 from American Canal. Add l downgradient location (SEP-6; near lntemational 
Dam); sample Ponds 1,5,6 plus ephemeral pond. Collect surface grabs at Rio Grande locations. Collect bottom sediment 
at American Canal locations. 

l6 bottom sediment NA 4 

8 Bedding and Unloading Buildings soil 9 every 5’ to groundwater ‘NA I3 
Locations equivalent to those areas with lead concentrations >5,000 mg/kg at 4-5‘ interval. 4 wells in locations of max 
concentrations of lead and arsenic, and l well in receiving area. " 

9 ' Ponds l.5,6 sediment 26 0-2" “NA All locations will correspond to Work Plar (Hydrometrics, I996) 
subsurface soil 26 every l‘ to 55 NA 

���� 

subsurface soil 26
I NA 

soil 2 every 2’ to groundwater NA 

��� 

Convert 2 borings to rngnitor wells, to be completed before new Sump is installed. l after sump is installed. O IO Plant Entrance -- Storm Water Sump 
l l EP-84 (Southern Arroyo) soil 30 ‘ 

every l’ to5 
_. NA l5 Investigate up/downgradient of wells EP-84 to EP-83. 

soil I0 every 5’ to groundwate VNA 4 l0 borings advanced to water table; convert 6 to monitor wells. 

l2 Ephemeral Pond and Pond Sediment Storage Area soil 5 every 5’ to groundwater NA 3 
Pond Sediment Storage Area (PSSA); ephr. meral pond; l boring in PSSA to be converted to monitor well; l boring 
upgradient of Ephemeral Pond to be conve1ed to monitor well. 

soil 6 every 5‘ to groundwate NA 3 

I3 EP-I3 (Sample Mill Area) soil 5 every 5’ to groundwater NA 7 
5 borings; 3 to be converted to monitor we.ls. Locations for new monitor wells: east of EP-l3, west of EP-13, and north of 
EP-l3. 

l 4 

l4 South Staging Area soil l0 every 5’ to groundwate _NA ll Borings will be located around South Staging Arroyo to identify containment source 

TOTALS soil 89 all depths NA 88 
groundwater‘ 83 NA R 

4 36 
surface water‘ l6 NA 4

� 

bottom sediment 16 surface
‘ NA 

�� 

pond sediment/soil 26 all depths 
.. NA 

��� 

O 

NOTES NA = Not Applicable DI = Deionized Water DUP = Duplicate Mg/kg = milligrams per kilogram. 
(l) Number of samples reflects four quarterly events in a one-year period. 

Hydrometrics, I996. Asarco El Paso Smelter Redial Investigation Work Plan, El Paso, Texas. November 1996. 

(2) QA/C samples are figured based on one in twenty per Investigation Area. Depending on actual sampling events and conditions, the number of QA/QC samples collected may be more or fewer than those listed. 
(3) Soil borings to shallow depths and to groundwater will be drilled using the same measures. Soil samples will be collected at five foot intervals, beginning just below slag where present. First two samples will be submitted for initial analysis. 

ln areas with no slag. a surface sample will also be collected prior to drilling. 

NOTES: Judgment will be used to collect samples from stained soil areas, and the remaining samples will be collected systematically at approximately equally spaced distances along the base of the slope. Solid slag and large pieces of slag are to be excluded from the samples. 
All wells shown on Exhibit 2 are to be sampled. Soil samples to be collected at five foot intervals during new well installations. 
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Figure 1-4 

Annual Wind Rose for the Asarco El Paso Plant 
(1977-1986) 

NOTE: Wind rose shows the direction from which the wind blows as a percentage of time. 
The northwesterly winds predominate in the winter months (November through May) while the 
southeasterly winds predominate in the summer months (June through October). 

Source: Jaco, 1971. 
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3. As = ARSENIC CONCENTRATION(mg/kg) IN SOIL 
SAMPLE COLLECTED AT DEPTH INDICATED. 
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2. WATER TABLE CALCULATED FROM FEB. 1998 DATA. 

3. As = ARSENIC CONCENTRATION (mg/kg) IN SOIL 
SAMPLE COLLECTED AT DEPTH INDICATED. 
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WATER ENCOUNTERED IN WELL. 
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