GSI workplan

This is an example workplan based on a fictitious but realistic investigation.

Purpose

This field work will be undertaken as an experimental investigatory technique for the determination and mapping of the area of expression of TCE/TCA/VC contaminated groundwater (GW) venting into a lake. This technique may make possible the actual collection of GW samples from the ground water/surface water interface (GSI) of the plume if groundwater is venting into the lake at/near the points that are sampled. Plume discharge mapping will be accomplished through the analysis of the sampling the pore-water in a grid-like fashion just under the lake bottom, offshore from the known plume boundaries using an innovative sampling tool and SCUBA techniques (see Safety  section).

History

The contaminated groundwater from the site is discharging to large lake. At the bluff overlooking the lake, vertical aquifer sampling (VAS) techniques were used to determine the lateral extent of ground water contamination just prior to plume migration under/into the lake. TCE, DCE, and vinyl chloride were found at various depths along the bluff in exceedance of regulatory criteria.

Modeling results by various researchers indicated that the migration of the plume on its way to the lake provide proper conditions and sufficient time for anaerobic bacterial processes to reduce the contaminant levels in the plume to below regulatory limits before discharge. The discharge area was believed to be up to 200 m from shore but was never found. Numerous surface water samples have been collected from along the shoreline at the suspected discharge area and near the shore, and only trace quantities of site-related chemicals were ever been detected in the water column. 

Purpose

The goal of this investigation is to identify and map the entire discharge footprint of the plume entering the lake and find out if the predicted attenuation mechanisms were effective.  Our recent preliminary investigation in a transect along the shoreline using the PushPoint methods described in this workplan indicates that relatively high levels of contamination exists at depths ~ 15 cm below the bottom in 0.5 m deep water (current lake levels are ~0.5 m lower than last year). These initial samples indicate that the plume is at least 100 m wide. Some of these pore water samples contain levels of TCE and VC in excess of the acute regulatory limits. This effort will add to the information gathered during the preliminary investigation and delineate the width and breadth of the plume discharge.

Scope

This investigation will take place in two stages. The first stage will be to determine the width of the plume along the shoreline (essentially continuing the preliminary investigation in shallow water), and also collect samples below the lake bottom in a transect away from the shoreline along the longitudinal axis of the plume to determine the distal boundary of the plume expression.

The second stage of the work will refine the plume boundaries by sampling a grid representative of the plume boundaries identified in the first stage. A plot of the resulting data will provide two-dimensional representation of the plume expression (or perhaps GSI) and will, among other things, allow the calculation of the mass loading of contamination to the Lake. The information should also refine the plume modeling that has, and will be performed for this site through verifiable biodegradation rate constant estimation. Additionally, during the second stage of this investigation samples will be collected from various sediment depths at the location of known contamination to determine the vertical zone of lake-influenced dispersion within the lake bed.

Materials

40 ml VOA vials

50 ml polypropylene/polyethylene syringes

Decontaminated "push-point" samplers (PP27, MHE Products)

SCUBA gear (inc. dry suits)

NaHSO4 preservative

Ice chest and ice

Tygon tubing (1/4"OD X 1/8" ID)

GPS equipment (sub-meter accuracy) with detachable antenna 

Boat

Tubing clamps

Multi-electrode Eh, pH, ORP, specific conductivity, temperature meter (Myron 6P)

Pencils and writing slates

2 -100 m Engineers fiberglass measuring tape (reel-type)

Buoy(s)

Pin flags

Submersible thermometers suitable for insertion 0.25 m into the lake bottom

Logistics– Stage 1

Preliminarily, a boat will deploy an anchored buoy(s) far offshore along the projected path of the plume to maintain a visual reference course for the divers and support boat. A fiberglass measuring tape stretched from the reference buoy anchor to a reference point near the shore allowing an easy reference of 10 m sampling increments and provide directional reference Two divers will enter the surf at the shore of lake. Six samples will be collected on approximately 5 m centers along the plume path beginning at the shoreline starting at the location of highest contamination determined during the preliminary work . An  additional 10 sampling locations will be chosen on approximately 10 m centers along the same path. 

Logistics – Stage 2

The same measurements and techniques performed during Stage 1 will be used in Stage 2. The known longitudinal boundaries of the plume are located from the surface using GPS and marked using anchored buoys. These locations are marked by the dive team using pin flags. The intervening distance is subdivided into 10 m increments which form the nodes of the transects with the axis. At each node, a transect of sampling points perpendicular to the axis and  extending to the estimated longitudinal plume boundaries are identified and sampled. These additional locations are eventually identified by GPS using the technique mentioned in the previous section. 

Sampling method

For this operation, at each sampling location a pre-cleaned “push-point” sampler is pushed with a twisting motion, into the sandy bottom of the lake to a nominal depth of 0.5 m ( or until refusal) and its guard-rod is removed. At this location a buoy is floated over the sampling location attached to a measuring tape for depth measurement. The buoy's horizontal location is measured by GPS measurement from the boat. A 10 cm piece of Tygon tubing attached at one end to 2-piece, 50 ml., polypropylene/polyethylene syringe is connected to the sampler. The syringe plunger is slowly withdrawn, thereby pulling sample water from below the lake bottom. Once the syringe has withdrawn 50 ml of water and aquifer “fines”, the Tygon tubing is disconnected from the sampler. This syringe contains the “development” water and this water and any residual air is discharged into the surrounding water. This development process may require that 1-4 syringes be filled in this manner until a non-turbid sample is collected in the syringe. At this point, a sample is collected and a metal plug is placed in the end of the Tygon (still attached to the syringe). The syringe is pencil labeled with the site location and other information (depth, temperature in sediments and in the lake, etc.) and stored until retrieval to the support boat or land. 

Duplicate VOC samples will be collected at each sampling location and samples will also be collected for physical parameters (conductivity, redox, pH, turbidity, etc.), dissolved iron, DO, dissolved ions, and other tests as specified. 

A 50 ml syringe of preserved distilled water will be carried with the sampling gear throughout the sampling for subsequent analysis as a trip blank.

A pin-flag is inserted into the bottom at each sampling location that is not in a "high energy" surf-type environment. This may be used to identify a precise location for future reference.

Additional VOC, physical parameter, and DO samples will be collected of the surrounding lake water at locations of known and unknown contamination to assess diver exposure and provide additional data.. 

Two additional pore-water VOC samples from a known "warm" location will be collected for pH adjustment/preservation test purposes.

The ground water temperature will be measured and recorded at each location using a thermometer inserted 0.25 m into the lake bottom. The lake temperature will also be recorded for that location.

At a central location along two of the “hotter”  transects, specially modified "push-point" samplers will be used to collect duplicate samples at increments of 10 cm below the bottom at the same sampling location. The analysis of these samples will allow us to determine the optimum sampling depth for future sampling efforts and may also help us understand the biological/dispersive mechanisms that attenuate the plume as it migrates from a groundwater to a lucustrine environment.

Sample processing
Once the crew is back on land, the syringes containing the samples are washed externally with distilled water and placed on ice until they are processed on-site. 

VOC samples are processed for shipment to the laboratory by removing the metal plug from the end of the Tygon tube sealing the syringe. This open tube end is then inserted to bottom of a upright and vertical oriented 40 ml VOA vial. The 50 ml of sample in the syringe is dispensed into the vial as the tube is slowly withdrawn from the vial, keeping the tube mouth under the surface of the sample in the vial. It is intended that approx. 10 ml of sample will overflow the vial and be wasted. As the last of the sample is pushed into the vial, the tube is withdrawn leaving an “anti-meniscus” of sample above the vial rim. Two drops of 40% saturated, NaHSO4 or 5 drops of 5N HCl are introduced dropwise into the vial. Density differences will allow the preservative to sink to the bottom of the vial overflowing an equivalent volume of sample. The vial is then capped, inverted, and placed on ice until transport to the lab. A test sample vial preserved in this manner is checked with litmus paper to verify that the pH has been adjusted to below 2. 

DO and dissolved iron are determined using Chemetrics field test kits (DO:Chemetrics 6005, Fe++:Chemetrics 7035). DO samples are dispensed by attaching the sample syringe tube to the Chemetrics, vertically orientated conical DO adapter. The groundwater sample is dispensed from the syringe upwards through the DO adapter and the DO indicator vial is filled and measured according to operating instructions. The adapter is then attached to “iron sample” syringe and is used in the same way for filling the dissolved iron indicator vial which is also analyzed according to the manufacturers directions.

Alkalinity samples are analyzed by a Hach field kit according to manufacturers instructions..

Inorganic samples are transferred to VOA vials and transported on ice to the laboratory.

Conductivity/Redox/pH samples are processed by dispensing the sample from syringe into the wells of a calibrated Myron 6P field meter and measuring the parameters according to the manufacturers instructions.

Safety 

Type of Activity: Using SCUBA equipment and "PushPoint" samplers to obtain samples of ground water from under the lake along the shoreline at anywhere, USA
Author:  Me

General Considerations: This field operation relies primarily on the use of underwater sampling techniques for the collection of groundwater samples prior to GW discharge into a lake. The field work will only take place if weather/lake conditions permit the safe ingress/egress of the divers and permit the safe operation of the support boat. 

This particular shoreline has been the focus of many studies which have indicated that little (trace) to no site-related contamination enters the lake from the groundwater. They hypothesize that biodegradation greatly attenuates the plume before it enters the lake. As a precaution, the divers will be wearing dry suits to limit the diver's exposure to the skin areas around the lips and forehead. Each diver will have several years experience in open water diving, have attained Advance Open Water and Rescue certifications as a minimum, and be thoroughly familiar with the sampling procedures, the site, and its hazards. The divers collecting samples and personnel involved with sample handling/processing will be 40-hr. HAZWOPER certified.

The offshore portion of the operation will utilize the assistance of a support boat which will be marked with a diving flag to alert other boaters of the proximity of the divers. The support boat will be equipped with facilities to accommodate divers and equipment if conditions warrant. The boat operator will be in contact with the on shore personnel via FM transceivers and will have cell phone capability. In addition, the boat operator will have sonic equipment available if it becomes necessary to alert the divers. 

All sample processing will take place on the shore in an area equipped with instrumentation, decontamination, and sample handling/preservation equipment. Ambient VOC concentrations will be constantly monitored within the sample transfer area using PID monitoring equipment. The on-shore support personnel will have cellular phone capability.

Field Personnel:

Primary Chemical Contaminants:




Max. conc. In lake

Sampling media/




Name


(historic info.)


 expected conc.





TCE



1ppb


dissolved in GW; 0-8ppm



cis 1,2 DCE


1ppb


dissolved in GW; 0-12ppm

trans 1,2 DCE


1ppb


dissolved in GW; 0-1ppm

Vinyl Chloride

1ppb


dissolved in GW; 0-8ppm

Hazard Assessment by Task:


Task 1)  Site walk through, transport of equipment to and from the shoreline



Hazards:  
Slip, trip, and fall;

Transporting and working with compressed gas cylinders.



PPE:

Level D.

              
Air Monit. Equip.:     HNU/OVA,

Task 2)  Groundwater and surface water sampling



Hazards:
Slip, trip, and fall;





Dermal contact, ingestion; 





SCUBA/swimming related safety concerns;

Support boat operation on L. Michigan.



PPE: 

SCUBA equipment w/ dry suit (Level B/A)
Lake Monit. Equip.:
lake water samples will be collected from representative locations of the work areas for post-exposure analysis.

Task 3)  Sample transfer and preservation/preparation for shipment



 Hazards:
 Slip, trip, and fall;




     
 Inhalation;




     
 Dermal contact.



PPE:

Level D likely, depending upon reconnaissance 





monitoring results.

             
Air Monit. Equip.:
HNU/OVA

Decontamination Procedures:

Personnel:  Removal and decontamination of dry suit and SCUBA equipment
Equipment:  clean as follows:

1. Deionized water rinse entire dry suit, fins, mask/snorkel, and SCUBA equipment .

2. Each diver will have their dry suit and SCUBA equipment removal assisted by on-shore personnel.

Emergency Exit / Evacuation Procedures:


Emergency Phone Numbers:   

call 911 for all emergencies


Fire Department: 



Sheriff/Police:



Coast Guard:



Ambulance: 



Hospital: 

         

Emer. Serv. Coordinator:  on-shore operations support person



Medical Facility Location and Route: (see attached map)

Action levels for air monitoring:



OVA/HNU:
>5 meter units - stay in Level B





<5 m.u. - consider downgrading to Level C





<1 m.u. - consider downgrading to Level D

