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Executive Summary
Old mine workings in the Leadville Mining District (LMD) have made it difficult to understand the movement of groundwater in and around the Leadville area.  The purposes of this Dye Tracer Analysis, established by Cambrian Ground Water Company (CGWC), are to:

1. Verify, specifically, that the Marian or the Emmet shafts are in effective hydraulic connection with the LMDT treatment facility via the LMDT.

2. To determine whether or not surface water from Evans Gulch is a source of recharge for the LMDT via the Pendery Fault.

The United States Bureau of Reclamation (USBOR) and Colorado Mountain College (CMC) Natural Resource Management Institute (NRMI) will perform site sampling efforts for the duration of the project.  This Field Sampling Plan (FSP), written by the CMC NRMI outlines:

· Site Background – including site descriptions, type of operation at the LMDT Treatment Facility, and dye drop and sample locations

· Purpose and Objectives – including the purpose of the analysis and the specific objectives of the FSP

· Project Schedule and Organization – including a timeline of sampling activities, roles and responsibilities of involved entities, and an organizational flowchart

· Procedures – including detailed procedures for mobilization, surface water sampling, ground water sampling, field documentation, shipping, and quality assurance and quality control

· Health and Safety Plan – including emergency contacts, contingency plans, waste types and characteristics, hazards of concern, a hazardous materials summary, a protective equipment list, a sampling equipment list, and decontamination procedures 

Sampling efforts will be performed in accordance to this FSP and will continue until otherwise notified by CGWC.  

1.0 
Introduction

This document will provide specific sampling procedures to be used in the Dye Tracer Analysis sampling efforts being conducted in the California Gulch Superfund Site, Lake County Colorado.  This section will provide an overview of the site background, site locations and descriptions, and the purpose and objectives of the sampling efforts involved.

1.1 
Background

Hard-rock mining began in Leadville in the 1860’s.  The primary minerals mined were silver, lead, zinc and gold.  After yielding more than $500 million in resources, most of the mines in the high altitude LMD were shut down or abandoned.  Old mine workings in the area have made it difficult to understand the movement of groundwater within the LMD.  Old mine tunnels provide shortcuts and pathways and collect groundwater in stopes, drifts, crosscuts and shafts.  Discharges from groundwater systems in mining areas are often found in the mine workings themselves as well as creeks and springs in the area (Cambrian Ground Water Co. (CGWC), 2000).  The following section describes the Leadville area sites in detail.

1.2 Site Locations and Descriptions  

The site involved in this study lies in Lake County immediately surrounding Leadville, Colorado.  The primary drainages involved in this study are the East Fork of the Arkansas, Evans Gulch, Strayhorse Gulch, and California Gulch watersheds as well as the Leadville Mine Drainage Tunnel (LMDT) facility.

1.2.1 Leadville Mine Drainage Tunnel

The United States Bureau of Reclamation’s (USBOR) LMDT facility is located in Lake County, Colorado, about one mile north of Leadville, immediately below the confluence of Buckeye Gulch and the East Fork of the Arkansas.  The tunnel was completed in 1952 to provide drainage for underground mine workings and to enable further mining of mineral reserves (BOR DTSC, 1996).  The LMDT treatment facility was constructed in 1991 and began operation in 1992 to treat high concentrations of cadmium, copper, manganese, and zinc being discharged from the LMDT (BOR DTSC, 1996) .  The facility discharges into the East Fork of the Arkansas River.

1.2.2 Dye Drop and Sample Locations

Dye drop and sample locations are shown in Figure 1.  The following list shows site locations and their associated drainage from up-gradient to down-gradient:

· East Fork Drainage – sites include Canterbury Tunnel (CT), East Fork Spring 1 (EFS1), and the LMDT site (INF-1).

· Evans Gulch – sites include Evans Gulch * (EG*) and Evans Gulch 24 (EG-24).  The star indicates that the location could change depending on where the stream is flowing.  There will also be a dye drop site located up-gradient from EG*.  EG-24 is located in Evans Gulch along HWY 24 wherever water is flowing.

· Strayhorse Gulch – Emmett Shaft (EMET), Marion Shaft (dye drop site).

· California Gulch – Yak Tunnel (YT), Gaw Shaft (GS), California Gulch #3 (CG03), Valentine Shaft (VS)
1.3
Purpose and Objectives

The two purposes of the Dye Tracer Analysis are to:

3. Verify, specifically, that the Marian or the Emmet shafts are in effective hydraulic connection with the LMDT treatment facility via the LMDT.

4. To determine whether or not surface water from Evans Gulch is a source of recharge for the LMDT via the Pendery Fault.

This Field Sampling Plan (FSP) has been developed as a guide for the data collection activities to determine if the discharge from the LMDT is connected to shaft systems in the LMD.  The text herein will outline specific field investigation, field sampling, documentation and shipping procedures as well as QA/QC measures.  The procedures described or referenced provide for the collection, transport, and analysis of representative environmental samples in a manner that meets the requirements of CDM Federal Corporations and the USBOR.  Objectives of this plan are to:

· Establish project schedule and organization including:  a timeline of sampling activities, roles and responsibilities of involved entities, and an organizational flowchart.

· Establish detailed field procedures including: mobilization, surface water sampling, ground water sampling, field documentation, shipping, and quality assurance/quality control (QA/QC) measures that comply with the Health and Safety Plan (HSP).

· Establish a site Health and Safety Plan: including emergency contacts, waste types and characteristics, hazards of concern, a hazardous materials summary, a protective equipment list, a monitoring equipment list, and decontamination procedures.

Colorado Mountain College’s (CMC) Natural Resource Management Institute (NRMI) and the USBOR will perform site-sampling efforts.

2.0
Project Schedule and Organization

Background assessment sampling (BAS) and dye recovery sampling (DRS) make up the monitoring components for the Dye Tracer Analysis.  Background sampling will commence 14 days prior to the dye injection on twelve-hour intervals at all nine locations.  Dye injection is planned for the Marion Shaft on Tuesday 5th of September at 10:00 MT.  Recovery sampling will begin two hours after the dye is released at 12:00 MT at the Valentine, Gaw, and Emmet Shafts sample locations.  Recovery sampling will continue at three intervals following the initial sample, 16:00 MT, 19:00 MT, and 22:00 MT. All locations are to be sampled Sept. 5th 19:00 MT.  The sampling activities are illustrated within the following time-line.

2.1 
Time-line of Sampling Activities
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The schedule of dye recovery sample events will repeat on a twelve-hour basis, sampling at 7:00 MT and 19:00 MT daily until otherwise notified by the CGWC, USBOR, United States Environmental Protection Agency (USEPA) or the Colorado Department of Health and Environment (CDPHE).

2.2
Roles and Responsibilities

For a successful implementation of the program, all entities are responsible for:

· Establishing clear defined lines of communication and coordination

· Compliance with project budget, schedule, and objectives

· Project Coordination

· Compliance with the site HSP
2.2.1 Cambrian Ground Water Co.

Cambrian Ground Water Co. is responsible for the technical support and analysis of water samples and other media in relation to ground-water tracing at California Gulch Superfund Site. Contact personnel:

Gareth Davies

Technical Support Project Manager

Cambrian Ground Water Co.

109 Dixie Lane

 Oak Ridge, TN 37830

(865) 483-1148

e-mail: gjdavies@usit.net
2.2.2
United States Environmental Protection Agency
USEPA Region VIII is the governing agency that has contracted CMC for implementation of the sampling program.  The USEPA is responsible for financial management, planning and coordination of the sampling project.  Personnel include:

Mike Holmes

Remedial Project Manager

U.S. Environmental Protection Agency

Region VIII

999 18th street, suite 500

Denver, CO 80101-2466

(303) 312-6607

e-mail: holmes.Michael@epa.gov

2.2.3 
Colorado Department of Public Health and Environment

CERCLA, section 121(f), provides for substantial and meaningful involvement by the States.   CDPHE comments, concerns, and issues will be addressed and incorporated into the FSP.  Personnel include:

Russ Allen

Colorado Department of Public Health and Environment

4300 Cherry Creek Drive South

HMWMD-RP-B2

Denver, CO 8022-1530

(303) 692-3382

2.2.4  United States Department of the Interior, Bureau of Reclamation 

United States Bureau of Reclamation is responsible for field sampling procedures, reporting documentation, equipment supply, sample shipment to Cambrian Ground Water Co. for analysis, and project management. 

Key contacts Include:

Brad Littlepage

Project Manager, Field Team Leader, Sub-Contractor Coordinator

Bureau of Reclamation

749 Highway 91 North

Leadville, Co  80461

(719) 486-2035

Jennelle Stefanic or Paul Fairbairn

Field Team Managers

Bureau of Reclamation 

(719) 486-2035

2.2.5 
Colorado Mountain College

CMC project managers and students are responsible for sampling objectives, HSP compliance, time management and tracking, and compliance with QA/QC measures.  Contacts Include:

Karmen Klima

Field Team Coordinator

Colorado Mountain College

901 South Highway 24

Leadville. CO 80461

(719) 486-4230

Jord Gertson

Project Manager

Colorado Mountain College

Same as above

(719) 486-4222, (719) 395-7775 cell

AJ Kruchten

Project Manager

Colorado Mountain College

Same as above

(719) 486-4222, (970) 389-3514 cell

2.3
Organizational Flowchart

The following organization flow chart represents the responsibilities and communication flow of the involved entities. 


Cambrian Ground Water Co.



U.S. Environmental Protection Agency

Colorado Department of Public Health and Environment



U.S. Bureau of Reclamation



Colorado Mountain College

3.0
Procedures

This section outlines the specific procedures to be used during each sampling event.  All methods used will be in accordance with the site HSP (Appendix A) and the QA/QC mechanisms included herein.

3.1
Mobilization

Before each sampling event, 10ml Borosilicate threaded glass sample vials will be labeled according to the sample code shown below (except time – to be completed in field).  Each vial will have the sample location code (Section 1.2.2) labeled on the lid.  Sample codes will include the following:

EMET0008311915 – Location Code, 2000, August 31,Time (Military)

All pre-prepared sample bags and vials will be placed in a Ziploc (1 gallon) that will be labeled with the date and lab book page #.  Kim-wipes, paper towels, DI water, and a trash bag will also be used during each event.  An Orion Model 1230 will be used to test water quality.  This device will be calibrated according to Chapter IV in the Model 1230 Instruction Manual (Orion Research, 1997) either in the lab or in the field.

3.2
Surface Water Sampling

After calibration of the water quality tester, each surface water sample will be taken according to the following procedures:

1. While wearing latex gloves, obtain a grab sample in a small field sample cup to be analyzed using the Orion 1230 multi-meter.

2. Measure temperature, pH, and conductivity (approximately once per week) according to the directions in chapter IV of the Model 1230 Instruction Manual (Orion Research, 1997).

3. Rinse the sample cup thoroughly with DI water.

4. Following a triple rinsate, obtain 10ml of sample in the sample vial from the sample location.  The sample should be taken up-gradient of any disturbance created.

5. Place the lid on the vial and remove excess water with a Kim-wipe.

6. Write the time (military) of the sample on the white strip on the side of the vial.

7. If dye is visible, place sample vial inside two Ziploc bags (pint).

8. Place the vial in Styrofoam vial holder inside a closed cooler.

9. Remove latex gloves and place them in the Ziploc bag (1 gallon) used for trash.

10. Write the date and sample collection time (0700 or 1900) on the Styrofoam case next to the row with the appropriate samples.

3.3   
Ground Water Sampling

Groundwater samples will also be handled according to the procedures above.  The sample will be obtained from approximately 400 ft. down in the Emmet Shaft.  The sample will be taken with a PVC tube constructed by the USBOR.  The tube will be attached to the end of a Solinst Water Level Meter (Model 101).  The tube should be dropped on the east side of the tube to avoid shaft blockage.  Groundwater depths will also be measured at the Emmet shaft using the well sounder.  The ISCO Model 2700 sampler will take samples from the INF-1 location.  They will be stored in 300ml glass containers until transferred to 10ml vials using the above procedures.  A tracking sheet is also stored on the sampler.

3.4
Field Documentation

Field documentation will include the following:

· Field Team Members

· Title of Study

· Date and Time

· Calibration Information

· Field/Previous 12 hr. Weather Conditions

· Sample Location

· Sample Date

· Sample Time

· Sample Code

· Temp, pH, Conductivity

· Comments

· Well Depth at Emmet

All documentation and samples will be kept at the either the USBOR LMDT Treatment Facility or the CMC laboratory following a sampling event.  The Date and Time of Sample Event will also be recorded on the Styrofoam packaging material.

3.5
Shipping

The following procedures will be used to ship the collected samples:

1. Remove vials from the field cooler and place in a labeled Styrofoam container inside a shipment cooler.

2. Fill out the Chain of Custody form that follows and include in the shipment cooler.

3. Make copies of the field notes for the samples included in each cooler.

4. Place the copies inside a Ziploc (1 gallon) and include in the shipment cooler.

5. Ship samples (once a week) to Cambrian Ground Water Co., 109 Dixie Land Oak Ridge, TN 37830 via Federal Express.

Leadville Ground-water Tracing:Chain-of-Custody Form (Version 1.0)

	Site
	Date
	Time
	Remarks

	EFS-1
	
	
	

	CT
	
	
	

	EMET
	
	
	

	YT
	
	
	

	GS
	
	
	

	VS
	
	
	

	CG-03
	
	
	

	EG*
	
	
	

	INF-1
	
	
	

	EG-24
	
	
	

	
	
	
	


Total number of containers___
Type of Container
tube
bottle
other 
(circle)

Preservative _____________



Notes_______________________________________________________________________________________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Shipped by
Fedex

UPS

Mail

Other 


(circle)

Samples Relinquished by _____________________

Date_______
Time _______

Samples Accepted by      _____________________

Date_______
Time _______

Notes_______________________________________________________________________________________________________________________________________________________

______________________________________________________________________________

3.6 
QA/QC

The following measures will be taken to ensure QA/QC during all sampling events:

· Latex gloves will be worn while any handling or labeling of the sample vials.

· Gloves will be discarded in a large Ziploc bag between each new sample location.

· Tyvek suits will be worn where dye is visibly present.

· Tyvek suits will be discarded immediately after the samples are placed in the cooler

· Sample locations will be sampled from least dye concentration to greatest once the dye is dropped.

· Samples will be kept in a cooler at all times to avoid photo-reduction of the dyes.

· The groundwater sampling mechanism at EMET will be rinsed with DI water on paper towel as each sample is retrieved.

Two field team members will be present at each event to ensure QA/QC.  BAS will provide further QA/QC before the dyes are dropped.  

4.0
References
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Appendix A (Health and Safety Plan)

INTRODUCTION

This document provides a description of the Health and Safety Plan.  The following information encompasses the Health and Safety procedures that apply to the field efforts to be provided to the USEPA and USBOR by the students and faculty within the NRMI at CMC.

EMERGENCY CONTACTS

CGWC:



Gareth Davies, (303) 293-1788

CMC NRMI Office:


(719) 486-4222

CMC Facility management:
Allan Cohn, (719) 486-4220

BOR Field Team Leader:  

Brad Littlepage, (719) 486-2035






Paul Fairbain or Jenelle Stephanic

CMC Project Manager:  

Karmen Klima, (719) 486-4230

CMC Field Team Managers:  
Jord Gertson, (719) 395-7775

 




AJ Kruchten, (719) 486-2687 / (970) 389 3514

U.S. EPA: 



Rebecca Thomas, (303) 312-6552

 




Mike Holmes, (303) 312-6607

State of Colorado (CDPHE):
Lee Pivonka, (303) 692-3453






Russell Allen, (303) 692-3382

Environmental Agency:

(800) 234-5677

Fire Department-Leadville:  
(719) 486-2990 / 911

Police Department-Leadville:  
(719) 486-1365 / 911

Sheriff’s Depart.-Lake County:
(719) 486-1249 / 911

Colorado Highway Patrol:

(303) 239-4500

Poison Control Center:  

(800) 332-3073

Hospital:  



St. Vincent’s General Hospital

(719) 486-0230 / 911

822 West 4th, Leadville, CO 80461

CONTINGENCY PLANS

The on-site Field Team Leader will make a contingency upgrade determination in the event a contingency is needed.  Contingency upgrade will be at the Field Team Leader’s discretion based upon current site conditions or visible conditions that may lead to a contingency.  In the event that a medical emergency occurs, a member of the field team should call 911 or contact the police or sheriff’s department.

WASTE TYPES

(X) Liquid   (X) Solid   ( ) Sludge   ( ) Gas   ( ) Unknown                                               (X) Other (Specify): Mining wastes, tailings, waste rock, and acid mine drainage

WASTE CHARACTERISTICS

(X) Corrosive   ( ) Flammable   ( ) Radioactive*   ( ) Reactive   ( ) Volatile

(X) Toxic          ( ) Inert Gas      ( ) Unknown        ( ) Other: raw lead

*Based on available information there is no evidence that this site has received or used radioactive substances.

HAZARDS OF CONCERN

Heat Stress - Due to the elevation of the work site, the intensity of the sun is increased.  Precautions will be taken to protect eyes and skin and include: sun glasses, sunscreen.

Cold Stress - Weather conditions at the site fluctuate greatly.  Precautions will be taken to accommodate for cold, wet weather.

Inorganic Chemicals - Metal constituents related to mine waste (tailing, etc.).  Precautions will be taken and include: gloves, rubber boots.

Motorized Traffic - Light traffic may be present throughout the sample sites.  The following steps will be taken to ensure safety to the field team as well as the public.

· A limit of 1 vehicle will be used for the sampling team at the sample site.

· No work will be permitted from the traffic side of a vehicle.  Work will be performed from the back of the vehicle or the non-traffic side of the vehicle only.

· Proper safe parking will be designated at each sample location.

Heavy Machinery - A portion of the traffic within the worksite might consist of heavy machinery traffic.  Proper safety precautions will include:

· Sharing acknowledgement between field persons and equipment operators.

· Staying back away from machinery a minimum of 50 feet.

Slips, Trips, and Falls - Proper safety will be taken to avoid injury at the worksite.  Proper footwear (rubber knee boots, hiking boots, or steel-toed boots) for field activities is required, and no open-toed shoes are allowed.

HAZARDOUS MATERIAL SUMMARY
Chemicals:


Solids:



Sludges:

Acids



Milling/Mine Tailings

Metal Sludges
Caustics


Metals:  Lead, Arsenic

POTW Sludge




Cadmium, and Zinc


Acid Mine 








Drainage

Oils:



Other:

Oily Wastes


Laboratory

Gasoline


Pharmaceutical

Diesel Oil


Hospital

Lubricants


Municipal

PCB’s



Construction

Overall Hazard Evaluation:
( ) High     ( ) Medium     (X) Low     ( ) Unknown

Justification:  Exposure routes are through ingestion of contaminated dust and water and inhalation of contaminated dust, therefore the hazard is considered low.  In addition, proper personal hygiene (i.e., laundering, showering, and washing hands) after field activities will minimize ingestion of heavy metals.  

Fire/Explosion Potential:

( ) High     ( ) Medium     (X) Low     ( ) Unknown

Known            
Highest Observed/                                                      

Contaminants
Allowed Conc.

PEL/TLV

IDLH 

Arsenic

3690 mg/kg-S

0.010 mg/m3

5 mg/m3

Cadmium

2499 mg/kg-S

0.005 mg/m3

9 mg/m3

Zinc


131,925 mg/kg-S

10 mg/m3

NE

Lead


116,736 mg/kg-S

100 mg/m3

100mg/m3

pH


0.9-8.5


N/A


N/A

Dust


5 mg/m²


N/A


N/A

Known Photo-ionization

Symptoms/Effects
Contaminants


of Acute Exposure

Arsenic



Nasal ulcers, fever, bronchitis, melanosis,





peripheral neuropathy

Cadmium



Pulmonary edema, tight chest, chills

Zinc
Sweet metal taste, dry throat, cough, tight chest, chills

Lead




Weakness, exhaustion, insomnia, malnutrition,

weight loss

pH




N/A

Dust




N/A

N/A = Not Available


NE = None Established

PROTECTIVE EQUIPMENT

Respiratory - Not Needed

Head and Eye - Hard Hat:

At active mine sites or near heavy equipment

traffic.

Foot and Hand Wear - Boots:
Safety toed with shank or safety toed rubber

boots

    Gloves:
During sampling (latex)

Protective Clothing – Tyvek Suits

SAMPLING EQUIPMENT

pH/ Conductivity/ Temperature meter

sample vials

sample bags

paper towels

Kim-wipes

trash bags

de-ionized water

cooler w/Styrofoam packaging material

field notebook

indelible pens

digital camera

3-1.44 MB floppy disks

compass

gloves

bailer

DECONTAMINATION PROCEDURES

Personalized Decontamination

Field sampling team members will wash hands well before hand to mouth contact and take shower as soon as possible after leaving the field.  Members will remove protective clothing in this order:

1. Equipment drop

2. Hard hat (if worn)

3. Tyvek suits (after each sample grab)

4. Gloves (between each sample location)

5. Face and hands wash

Sampling Equipment Decontamination

pH/ Conductivity/ Temperature meter will be decontaminated before and after each sampling location.

Containment and Disposal Method

All disposable PPE will be placed in a trash bag and disposed of as non-hazardous trash between each sampling location.
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digital photos of sample locations were figures here but were eliminated to reduce file download time
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Figure 1 – Sample Locations Map
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