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2003 WORK PLAN FOR THE 

UPPER BLACKFOOT MINING COMPLEX, 

LEWIS AND CLARK COUNTY, MONTANA 

- FINAL - 

1.0 INTRODUCTION 

The Upper Blackfoot Mining Complex (UBMC) is an area of historic mining activity near 

the headwaters of the Blackfoot River in Lewis and Clark C.ounty, Montana (Figure 1-1). 

The UBMC, part of the Heddleston Mining District, is comprised of several individual 

historic mines, all of which have been inactive since at least the 1950s. Asarco, Inc. 

(Asarco), has been conducting mine reclamation activities at the UBMC since 1993. 

Reclamation activities have focused on seven individual mines (the Carbonate, Edith, 

Paymaster, Capitol, Consolation, Anaconda, and Mike Horse mines) all of which are located 

on patented mining claims owned by Asarco. 

Currently, the UBMC mine reclamation program is proceeding under the jurisdiction of both 

state and federal regulatory programs. In November 1999, Asarco submitted a petition to the 

Montana Board of Environmental Review for adoption of temporary water quality standards 

at the UBMC in portions of Mike Horse Creek, Beartrap Creek, and the upper Blackfoot 

River (Asarco, 1999). One Ieason for requesting temporary water quality standards was to 

allow additional historic mining-related reclamation activities to be conducted on National 

Forest System lands. On May 12, 2000 the Board of Environmental Review approved 

Asxco’s petition and the temporary standards became effective on June 1, 2000. In 

accordance with Montana law, Asarco prepared an Implementation Plan (Hydrometrics, 1999 

and 2000) outlining a conceptual plan and schedule for identifying and addressing remaining 

sources of water quality impairment in the three petitioned stream segnents. Implementation 

Plan activities were initiated in 2000 and continued in 2001 and 2002 (Hydrometrics, 2001a, 

2002). 
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Asarco has also recently entered into an Administrative Order on Consent (AOC) with the 

US. Forest Sexvice for development of an Engineering EvaluatiodCost Analysis (EEICA) 

for portions of the UBMC. Specifically, the AOC applies to those portions of the UBMC 

located on National Forest System lands in Sections 20, 21, 27 and 28, including the Mike 

Horse Tailings Impoundment (Figure 1-1). As defined in the AOC, the purpose of the 

EE/CA is to “determine and evaluate removal action requirements and alternatives designed 

to prevent, mitigate, or otherwise respond to or remedy any release ox threatened release of 

hazardous substances at the site...”. 

This work plan outlines a proposed 2003 scope of work for the UBMC project. The scope of 

work fulfills requirements of both the temporary standards Jmplementation Plan and U.S. 

Forest Sexvice AOC. The 2003 activities are a continuation of the ongoing site 

characterization and reclamation program and are intended to further document current site 

conditions, delineate sources of water quality impairment, and assist in reclamation planning. 

1.1 2003 SCOPE OF WORK 

Year 2003 activities will focus on collection of data and other information necessary for more 

complete characterization of known and/or suspected sources of water quality impairment in 

Mike Horse Creek drainage, Beartrap Creek drainage, and the upper Blackfoot River 

drainage. Specifically, 2003 activities will include: 

Seasonal surface water quality monitoring to further delineate remaining sources of 

water quality irnpainnent, to provide water quality data for evaluation of long-term 

water quality trends in response to reclamation activities, and for comparison to the 

temporary standards; 

Seasonal groundwater monitoring to further delineate sources of metals loading in 

upper Mike Horse Creek, Beartrap Creek, and at the toe of the Mike Horse tailings 

impoundment; 

Biological monitoring to provide baseline information on benthic macroinvertebrate 

community composition; and, 

An evaluation of the design and stability of the Mike Horse tailings impoundment. * 
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In addition to the monitoring activities described in this work plan, an operation and 

maintenance (0 & M) schedule will be maintained at the UBMC in 2003. The 0 & M 

schedule will include minimum weekly inspections of the Mike Horse pretreatment pond and 

the Anaconda wetlands treatment system, and monthly sampling of the wetlands discharge. 

Weekly inspection tasks include monitoring and recording of system pressures and flows (at 

both the pond and wetlands), chemical reagent feed rates, chemical storage volumes, and an 

overall site inspection for signs ofleaks, plugged pipes, or other potential system problems. 

Section 2 of this work plan describes the surface water monitoring and biological sampling 

programs. Section 3 describes pIoposed groundwater sampling activities Section 4 

describes the Mike Horse tailings impoundment evaluation activities A Quality Assurance 

Project Plan (QAPP) including field sampling protocol, QNQC procedures, and other details 

Ielating to the 2003 field sampling activities is included in Appendix A. 
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2.0 SURFACE WATER MONITORING 

Surface water monitoring at the UBMC in 2003 will consist of seasonal surface water and 

biological sampling. Seasonal surface water quality monitoring will be performed to 

document current water quality conditions in and downstream of the petitioned se,sments of 

Mike Horse Creek, Beartrap Creek, and the upper Blackfoot River. The seasonal surface 

water monitoring data will be compared to historic water quality data, and future water 

quality data, to evaluate long-term trends in surface water quality in response to reclamation 

activities. The surface water monitoring Iesults will also be used for comparison to the 

temporary water quality standards. The seasonal monitoring program at the UBMC is a 

continuation of the surface water monitoring conducted by Asarco since 1991. The 2003 

monitoring program also represents a minimum scope of sampling to be implemented for the 

first three-year period (June 2000 through June 2003) that temporary standards are in affect. 

Biological monitoring will also be performed in the Blackfoot River and Beartrap Cxeek to 

provide baseline information on benthic macroinvertebrate community composition. The 

resulting baseline data will be used for comparison to future biological data and to previously 

collected data as appropriate. Both the general suIface water monitoring program and the 

biological monitoring are discussed in this section. Asarco will provide the Montana 

Department of Environmental Quality (MDEQ) and the U.S. Forest Service with a minimum 

10 day advanced notice of all scheduled field activities so that agencies can arrange for 

oversight of sampling activities if desired. 

2.1 SEASONAL SURFACE WATER MONITORING 

The objective of the 2003 seasonal surface water monitoring is to document current water 

quality conditions at the UBMC, and to provide data for evaluation of temporal water quality 

trends within and downskam of the petitioned drainages in response to completed and future 

remedial activities. The following sections descIibe the sampling locations, methods, 

analytical parameters, and schedule 
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2.1.1 Monitoring Locations and Methods 

The seasonal suIface water monitoring program will include water quality sampling and flow 

monitoring at a minimum of 11 locations, The proposed 2003 surface water monitoring 

locations are shown on Figure 2-1 and are described in Table 2-1. 'The monitoring stations 

were selected to provide adequate spatial coverage in the three stream segments where 

temporary standards apply. Five proposed sampling sites are located on the Blackfoot River, 

three on Beartrap Creek, and three sites on Mike Horse Creek (Table 2-1). Two of the 

Blackfoot River sites are located downstream of the stream segment where temporary 

standards apply, and are intended to assess surface water quality downstream of the project 

area. All proposed sampling sites have been sampled previously by Asarco. 

Additional samples may be collected at sites of interest (seeps, springs, tributaries, mainstem 

sites) based on initial monitoring results and on observations and conditions encountered in 

the field. Surface water samples will be collected for analysis of total recoverable metals, 

dissolved metals, and common constituents (major cationslanions and physical parameters) at 

each site. Sample collection will proceed in a downstream to upstream direction to avoid 

possible contamination of downstream samples due to upstream sampling activities. Specific 

protocols for flow measurement and sample collection at swface water sites are presented 

below. 

Flow Measurement 

Surface water flow measurements will be collected using one of three methods, depending on 

the channel geometry and stIeam or seep dischzge Iate: 

Portable trapezoidal flume; 01 

Volumetric method. 

Marsh-McBirney cunent meter and wading rod (velocity-zea method); 

If stream or seepage flow is too small to allow measuIement by one of the above methods, or 

streamflow conditions preclude safe wading, flow will be estimated by the field sampling 

team 
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TABLE 2-1. UBMC SEASONAL SURFACE WATER MONITORING LOCATIONS 

Site Code Description 

Upper Blackfoot River Drainage 

BRSW-16 

BRSW-31 

BRSW-I:! 

Blackfoot River below Meadow Cr. Bridge, approximately 3,500 feet downstream of Paymaster Cr. 

Blackfoot River at Meadow CreekRoad bridge. downstream of first natural marsh 

Blackfoot River upstream o f  fist natural marsh, near downstream end of stream segment where 

temporary standards apply 

Blackfoot River at county road crossing approximately 1,400 feet upstream of Shave Creek 

Blackfoot River downstream of confluence of AnaconddBeartrap Creeks 

BRSW-9 

BRSW-29 

Beartrap Creek Drainage 

BRSW-38 

BRSW-23 

BRSW-3 

Beartrap Creek upstream of confluence with Anaconda Creek 

Beartrap Creek downstream of Mike Horse Creek confluence 

Seepage stream at toe of tailings dam on Beartrap Creek, Seepage will be sampled at downstream 

end (BRSW-3A) and at upstream end (BRSW-3B). 

Mike Horse Creek Drainage 

BRSW-35 

BRSW-22 

BRSW-4 

Mike Horse Creek upstream of confluence with Beartrap Creek, adjacent to tailings dam 

Mike Horse Creek downstream of county road crossing, within Lower Mike Horse waste piles 

Upper Mike Horse Creek between 300 Level adit and 200 Level adit 

The Marsh-McBirney cumut  meter is used to measure streamflow at larger, wadeable stream 

sites. Measurement of streamflow is perfomed in accordance with the area-velocity method 

developed by the USGS (USGS, 1977). In general, the entire stream width is divided into 

subsections and the stream velocity measured at the midpoint of each subsection and at a 

depth equivalent to six-tenths of the total subsection depth. The velocity in each subsection 

is then multiplied by the cross-sectional area to obtain the flow volume through each 

subsection. The subsection flows are then summed to obtain the total streamflow rate. 

Streamflow measurements are typically collected in a stream reach as straight and free of 

obstructions as possible to minimize potential measurement error introduced by converging 

or turbulent flow paths., 
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Stmunflow measurements on smaller streams or seeps are obtained using a portable flume 

such as a 90" v-notch cutthroat flume. This flow measurement method is based on equations 

developed by Skogerboe et al (1967). To measure streamflow, the flume is placed and 

leveled in the streambed, and the full streamflow directed through the flume throat. Water 

depth or bead measurements are then collected at specified locations in the upstream (H,) and 

downstream (Hb) sections of the flume. The head measurements are used to verify proper 

functioning of the flume and to calculate streamflow. 

Collection of volumetric flow measurements consists of directing the flow into a container of 

known volume (such as a five-gallon bucket or one liter sample bottle), and recording the 

time required to fill the known volume.. Volumetric flow measurements are typically limited 

to monitoring points with small seepage flows or discrete discharge points (e.g., pipes). 

All flow measurement results will be recorded in a dedicated project field notebook and on 

standard field sampling forms and maintained in the project file. 

Field Parameters and Water Ouality Sampling 

The parameters pH, specific conductance (SC), dissolved oxygen (DO), and water 

temperature will be measured at each site concurrently with sample collection. Field meters 

will be calibrated daily according to factory instructions, with calibration results recorded in 

the field notebook and on calibration forms. Field parameter measurements are obtained 

directly in the stream or seep if possible. Where the volume of water is insufficient for in situ 

measurements, a clean container is filled with sample water for parameter measurement. 

Results are recorded in the field notebook and on standard sample forms. Field meters are 

checked periodically throughout the day for drift by measuring standard solutions (pH 

buffers, SC standard solutions), and are recalibrated as necessary. 

Water quality samples will be collected from each surface water monitoring site by passing 

an uncapped sample container across the area of flow, such that the sample is representative 

of the channel cross-section. If stream velocity or wading conditions preclude this technique, 

the sample will be collected from the center of the channel,. When wading, samples a e  
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collected upstream of the sampler; during unsafe wading conditions, samples are collected 

from the stream bank. Sample containers will be rinsed three times with sample water prior 

to sample collection, and will be labeled with a unique sample identification number, the date 

and time of collection, the type of sample collected (preservation, filteredunfiltered), a id  

required analyses. Samples will be preserved in the field as appropriate for the intended 

analysis (e.g., nitric acid preservation to pH<2 for metals analysis), and- stored on ice in 

coolers at approximately 4°C for transport, The samples will be stored in coolers 01 

refrigerated from the time of collection until delivery to the analytical laboratory. Sample 

container and preservation requirements are summarized in Table 2-2. 

Major 
CationsIAnions and 
Physical Parameters 

Filtered samples (for dissolved metals analyses) are processed by first collecting a water 

sample in a clean sample bottle, then pumping through a disposable cartridge filter (0.45 pm 

nominal pore size) using a peristaltic pump and silicone tubing, into a second sample 

container prior to preservation. Approximately the first 250 to 500 mL of water passed 

through the filter is used as a filter rinse, and will be discarded prior to filling sample bottles. 

Silicone tubing used for filtmtion is typically reused between sample locations, and is 

thoroughly decontaminated between uses with deionized water. Cartridge filters are one-use 

only, and are discarded after sample processing. 

No 1000 mL 
polyethylene 

TABLE 2-3. SEASONAL SURFACE WATER MONITORING SAMPLE 

CONTAINER AND PRESERVATION REQUIREMENTS 

Total Recoverable HN03 to pH<2; cool to 4°C 

Dissolved Metals HN03 to pH<2; cool to 4°C 

Cool to 4°C 

I 1 I I 
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All water quality sampling information, including sample sites, sample numbers, date and 

time of sample collection, field parameter nieasuxements, flow measurements, and othex 

notes and observations, will be documented in waterproof ink in a dedicated project field 

notebook 

2.1.2 Seasonal Sampling Schedule 

The seasonal monitoring program schedule is designed to provide water quality data during 

both spring nmoff (both rising and falling limbs of the annual stream hydrograph), and low 

flow periods in the designated drainages. Water sarnples will be collected from each 

monitoring station in April, May, June, and October 2003 (Table 2-3). Three monitoring 

episodes are scheduled for the spring runoff period (April - June), since this period typically 

shows the highest variability in water quality One monitoring event is proposed during the 

baseflow period (October) since previous sampling has shown that water quality does not 

vary significantly during late summer through fall. The April, May, June and October 

sampling schedule is intended to meet the sampling objectives outlined in Table 2-3. Actual 

sampling dates may vary slightly depending on the timing of spring runoff and climatic 

conditions., 

TABLE 2-3. SEASONAL MONITORING FREQUENCY 

I 
Late May 1 Late spring (runoff) sample; near stream hydrograph peak 

I 

Mid to late June I Post-runoff sample; falling limb of stream hydrograph 
I 

Mid October I LOW flow sample 

The schedule of four seasonal surface water sampling events per year has been established as 

a minimum fox the first time years (June 2000 through June 2003) that tempomy watex 

quality standards are in effect. After 2003, the monitoring schedule will be Ieviewed and the 

monitoring frequency modified, if wmanted. 
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The April seasonal monitoring event will be conducted in late April, when snowmelt has 

typically progressed enough to allow access to most sites. Any sites still undei snow will be 

dug out to obtain access if possible. The June sampling event will occur in mid to late June 

duxing the falling limb of the spring runoff hydrograph. The April and June events will 

provide additional water quality data duIing the early runoff and late runoff periods, 

respectively, for which limited water quality data is currently available. The May and 

October seasonal monitoring events will be a continuation of the annual high and low flow 

water quality monitoring conducted in previous years, thus providing data for comparison to 

historic water quality data. 

2.1.3 Analytical Parameters 

Table 2-4 presents the field and laboratory analytical parameter list for seasonal surface water 

monitoring samples. This list is similar to that used historically for seasonal monitoring at 

the UBMC (1991-1999), and identical to the list used for 2000-2002 monitoring. For 

consistency with previous investigations, field parameters will be collected in accordance 

with field standard operating procedures (SOPS) previously approved for data collection 

activities at the UBMC in 2001 and previous years. Trace metal analyses will include 

aluminum, arsenic, cadmium, coppex, iron, lead, manganese, and zinc. Both total recoverable 

and dissolved metals analyses will be performed to distinguish between the potential metal 

phases present.. Major cations/anions and physical parameters will include calcium, 

magnesium, sodium, potassium, sulfate, total alkalinity, total acidity (if pH less than 6.0), 

TDS (total dissolved solids), TSS (total suspended solids), and pH. Field parameters will 

include pH, specific conductance, dissolved oxygen, water temperature, and streamflow. 

2.1.4 Field Quality Control Samples 

Field quality control (($2) samples will be collected and analyzed as part of the program fox 

evaluation of data quality. Required surface watex field quality control sample types and 

sample frequency are summarized in Table 2-5. 
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TABLE 2-4. 2003 UBMC WATER RESOURCES MONITORING 
ANALYTICAL PARAMETER LIST 

Parameter 

Project Required 

Analytical Method"' Detection Limit (mg/L) Holding Time 

Field Parameters 

pH Field SOP none field analyzed 
Specific conductance Field SOP none field analyzed 

Dissolved oxygen Field SOP none field analyzed 
Water temperature Field SOP none field analyzed 

now Field SOP none field analyzed 
Laboratory Parameters 

Major Cations/Anions and Phyrical Parameters 

Calcium (Ca) 
Magnesium (Mg) 

Sodium (Na) 
Potassium (K) 
Sulfate (S04) 

Total alkalinity as CaCO? 
Total acidity (if pH<6.0) 

Total dissolved solids 
Total suspended solids 

pH 

2 15. U200.7 5 6 months 
242.1/200.7 5 6 months 
273.1/200.7 5 6 months 
258.U200.7 5 6 months 

375.x 1 28 days 
310.1 5 14 days 
305.1 5 14 days 
160.1 10 7 days 
160.2 10 7 days 
150.1 none analyze immediately - 

Aluminum (All 
Arsenic (As) 

Cadmium (Cd) 
Copper (Cu) 

Iron (Fe) 
Lead (Pb) 

Manganese (Mn) 
Zinc (Zn) 
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TABLE 2-5. SEASONAL SURFACE WATER MONITORING FIELD QUALITY 

CONTROL SAMPLE FREQUENCY 

Duplicates 
Laboratow Sulits 

I 1 per monitoring event 
I 2 oer Year (Mav and October monitorine events) .~ / . .  . L  L 

Blind Field Standards I 2 per y e a  (May and October monitoring events) 

Blank samples will be collected to estimate the potential for sample contamination from any 

materials contacting sample water (filtration equipment, bottles, preservatives etc.) and from 

random atmospheric contamination. The deionized equipment rinsate sample will be 

collected by filling sample bottles with reagent-free deionized water in the field, preserving 

as appropriate, and submitting the sample blind to the laboratory for analysis. The blank 

sample for dissolved metals analyses will be deionized water passed through the filtering 

equipment. 

Field duplicate and split samples will be collected to estimate field and laboratory precision,, 

Field duplicate samples will be collected by sequentially filling two sets of sample bottles at 

the same monitoring location, assigning unique sample numbers to the two samples, and 

submitting both samples to the laboratory for analysis. Field split samples will be collected 

similarly, except that the two sets of sample bottles will be assigned the same sample number 

and will be submitted to two different laboratories. The field split sample thus provides an 

independent check on the performance of the primary laboratory. Field split samples will be 

collected for the May and October sampling events only. 

Blind field standards are samples of known concentration with established control limits, 

obtained from a third-paty vendor (is.,  not prepared by the field team or the analytical 

laboratory). Standards pIovide a check on the accuracy of laboratory analyses through a 

comparison of laboratory results to the established control limits. As with the field split 
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samples, blind field standards will be submitted during the May and October sampling events 

only. 

All field QC samples will be submitted blind to the laboratory (QC samples will be packaged 

and shipped in such a manner that the laboratory will not be aware of the nature of the 

samples). Furthe1 discussion of QC samples, including required laboratory QC samples and 

target control limits for both field and laboratory QC samples, is presented in the project 

QApP (Appendix A) 

2.2 BIOLOGICAL MONITORING 

Macroinvertebrate sampling was initiated by Asarco at the UBMC in September 2000 with 

establishment of biological monitoring site UBBS-1 on the Blackfoot River. Monitoring site 

UBBS-2 was established and sampled in October 2001. MacroinveItebrate sampling will 

continue in 2003 to provide additional baseline information on macroinvertebrate community 

compositions in the Blackfoot River headwaters. This baseline information will be used for 

comparison to future biological data to assess temporal trends in aquatic conditions in 

response to planned reclamation activities. 

2.2.1 Macroinvertebrate Sampling Locations and Frequency 

Macroinvertebrate sampling will occur at two sites in 2003. Site UBBS-1 is located on the 

Blackfoot River upstream of the natural marsh near surface water monitoring site BRSW-12. 

Site UBBS-2 is located on the Blacldbot River a short distance downstream of the Beartrap 

CreeWAnaconda Creek confluence, near surface water site BRSW-29. Both site locations are 

shown on Figure 2-1. 

The two sampling sites were selected to sewe as suitable long-term biological monitoring 

stations to assess the response of the aquatic ecosystem to future upstream reclamation 

activities. The sites are located in relatively shallow (less than 2 feet deep), low velocity flow 

(less than 3 Wsec) areas with suitable substrate, gradient and cover conditions. 
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Consistent with the 2000 and 2001 macroinvertebrate sampling program, one sampling event 

will be conducted in 2003. The sampling will be performed under baseflow conditions in the 

fall, with the exact schedule depending on the 2003 streamflow hydrograph. The timing of 

the 2003 sampling event will be selected to match hydrologic conditions representative of the 

2000 and 2001 sampling events (i.e. similar flow rates), so that the resulting information will 

be suitable for comparison to the existing data. Due to expected springtime variability in 

macroinveItebrate populations resulting from widely variable stream water quality during 

spring xunoff, monitoring of baseline spring season populations will not occur at this time. 

Spring season conditions and seasonal variations in macroinvertebrate populations will be 

determined after springtime water quality fluctuations are reduced through additional 

reclamation activities. In the meantime; low flow biological monitoring will provide a 

database suitable for assessing long-term uends in macroinvertebrate community 

composition. 

2.2.2 Biological Sampling Methodology 

Macroinvertebrate sampling techniques will follow the Rapid Bioassessment Protocols 

adopted by the Montana Department of Environmental Quality (MDEQ, 1998) for high 

gradient streams. Macroinvertebrate samples will be collected using a 0.1 m2 Hess sampler 

with a mesh size of 500 p n  (or comparable equipment). The precise sampling technique will 

be customized to target all macroinvertebrates from all habitats present within the Iiffle for 

collection while maintaining consistency with the 2000 and 2001 sampling procedures. All 

samples will be labeled and preserved in the field. Information on stream conditions (flow, 

water quality, clarity, etc.) will he entered in the project notebook and all sites will be 

photographed. Water temperature, pH, SC, and dissolved oxygen will be recorded and 

str.eamflow measured at each site to document stream conditions at the time of sampling. 

Macroinvertebrate samples will be submitted to a qualified analytical laboratory for analyses. 

Sample analyses will include identification to the lowest taxonomic level possible and 

enumeration by taxon. These data will provide a list of species, relative abundance, number 

of taxa, dominant taxa, and percent dominant taxa for comparison to future data. 
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In addition to benthic macroinvertebrate sampling, Asarco will coordinate the 2003 (and 

future) biological monitoring activities and overall project planning efforts with state and 

federal resource agencies which may be involved with biological monitoring in the project 

vicinity. It is generally understood that fish populations currently present in the area are 

limited. Any fisheries information obtained through the ongoing efforts of the Montana 

Department of Fish, Wildlife and Parks, the Helena National Forest, or other state or federal 

resource agencies will be incorporated into the long-term project planning to maximize 

benefits to the Blackfoot River fishery resulting from Asarco’s ongoing reclamation program. 

2.3 MIKE HORSE REPOSITORY SEEPAGE MONITORING 

In orde~ to assess possible impacts to Mike Horse CIeek fIom seasonal seeps emanating fiom 

the base of the Mike Horse Repository, seepage will be sampled (if pment) for flow and 

water quality in conjunction with the June 2003 monitoring event. 

2.3.1 Monitoring Locations and Methods 

All seeps will be inspected in June 2003 and seepage drainage patterns mapped. Based on 

the drainage patterns, one or more sampling locations will be selected with the objective of 

chaxacterizing seepage flow to the extent possible. All sampling locations will be given a 

unique site code and located on a detailed base map, and surveyed for horizontal and vertical 

control with a pIecision-grade GPS system. Sampling locations will also be staked and 

labeled in the field fo1 future identification. 

Seepage flow rates, pH, SC, temperature and dissolved oxygen will be measured at each 

sampling location in the field. Seep flow rates will be measured with a portable trapezoidal 

flume, a Marsh McBirney current meter, or volumetrically. In instances where field 

conditions preclude accurate flow measurement, seep flows will be estimated. Field 

parameters will be measured directly in the seepage stream where possible, or seepage water 

will be collected in a clean sample container for immediate measurement. Relevant 

observations such as water color, sediment staining, and vegetation pattans will also be 

recorded in the project field book. 
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