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Clean Contract No. N62467-94-D0888 
Contract Task Order No. 0031 

Final Site Assessment Plan for 
Truck Fill Stand, Building A902 
NAS Key West, Florida 

Brown & Root Environmental is pleased to submit the Final Site Assessment Plan for the referenced site. 

B&R Environmental is currently reviewing subcontractor bids for OPT and laboratory services. It is anticipated that field investigation activities will be initiated in mid June. 

If you have any questions regarding this plan or require further information, please contact me at (850) 656-5458. 

Very truly yours, 
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Paul E. Calligan, P.G. 
Task Order Manager 
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1.0 INTRODUCTION 
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Brown & Root Environmental (B&R Environmental) has prepared Site Assessment Plan (SAP) for the 

Truck Fill Stand, Building A902 at the Naval Air Station (NAS) Key West, Florida. This SAP was prepared 

for the U.S. Navy (Navy) Southern Division (SouthDiv) Naval Facilities Engineering Command (NAVFAC) 

under Contract Task Order (CTO) 0031, for the Comprehensive Long-term Environmental Action Navy 

(CLEAN III) Contract Number N62467-94-D-0888. 

The SAP provides the rationale for performing field activities associated with collecting data to evaluate 

petroleum s in the subsurface at the referenced site. Data collected during the investigations will be used to 

prepare a Site Assessment Report (SAR) in accordance with Chapter 62-770 of the Florida Administrative 

Code (FAC). 

1.1 GENERAL SITE DESCRIPTION 

The NAS Key West is located approximately 150 miles southwest of Miami on the second to last major 

islands of the Florida Keys. It is connected to the mainland by the Overseas Highway (US Highway No.1) A 

regional map showing the Florida Keys is presented in Figure 1-1. NAS Key West is in southern Monroe 

County. Florida. The U.S. Navy manages 6,323 acres of land divided into twenty separate tracts in the lower 

Florida Keys. concentrated around Key West and Boca Chica Key. 

The topography at the NAS Key West I which is generally flat, consists of average land surface elevations 

less than 5 feet above the mean sea level with the exception of filled areas that underlie the Overseas 

Highway. Boca Chica Key is approximately 3 miles wide and 3 miles along. The prinCipal industry in this 

area is tourism which brings in annually about 1.225,000 tourist. 

1.2 OBJECTIVE 

As stated in the POA, the objective of this investigation is to determine the extent of petroleum 

contamination and assess if further action is required to remediate the site. The results of the investigation 

will be submitted in a Site Assessment Report (SAR). If the investigation concludes that remedial action is 

required, a Remedial Action Plan (RAP) will be developed and submitted. A No Further Action proposal 

(NFA) or Monitoring Only Proposal (MOP) may be submitted if the investigation concludes that remedial 

action is not required. 

BR EfTLH-98-02017586-3.2 1-1 CTOOO31 
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2.0 SITE DESCRIPTION 

Rev. 0 
5/28/98 

In September 1995, Omega Environmental Services was contracted to perform a closure assessment on a 

1,000 gallon underground storage tank (USn, A902B, located at Boca Chica Air Field, NAS Key West. 

The tank was used for water canting storage from the JP-5 fuel filter system located at the Truck Fill Stand. 

The tank was reported to be installed in 1990. The tank was removed and the closure assessment 

performed on September 28, 1995. The results of the closure assessment indicated that the soil and 

groundwater have been impacted by petroleum s. The Closure Assessment Report noted that free phase 

product was present in the excavation during the removal of the tank. In addition, the report stated that the 

tank appeared in excellent condition with no signs of leaks. The report concluded that the groundwater 

contamination detected may have come from a different source or from spillage. 

On August 28, 1996, approximately 24 cubic yards of contaminated soil were removed from the former 

UST location. The excavated area was approximately 12 feet in diameter and extended from the ground 

surface down to the water table. 

During the preliminary site visit, Mr. James Welch, supervisor of the truck fill stand operation, indicated that 

a tanker truck ruptured when it collided with the canopy supports approximately 12 years ago. As a result, 

approximately 3,000 gallons of JP-5 were discharged to the ground surface. 

BREfTLH-98-02017586-3.2 2-1 eTO 0031 



3.0 INTERIM REMEDIAL ACTION/TANK CLOSURE ASSESSMENT 
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On September 28, 1995 Omega Environmental Services removed one underground storage tank, (A902B) 
located at the Boca Chica Naval Air Station, Fuel Farm Station, in Key West. The tank was used for canting 
storage from JP-5 fuel filter system located at the fuel farm. The tank was reported to be installed in 1990. 

Omega Environmental Services was contracted by the U.S. Navy to remove the tanks and associated 
piping in the excavation and compile all relative reporting and site closure information. The groundwater 
was assessed to be less than twenty feet from the surface which required sampling concurrent with FDEP 
regulations. The installation of a groundwater monitoring well was performed after the removal process 
and samples were sent to be analyzed. There are no photos of the site or tank removal for this report 
because the tank was located in a photograph restricted area. 

On September 26, 1995 liquid was removed from the tank. On September 28, 1995 the preparation was 
done to remove the tank. Soil samples were collected throughout the removal process and screened for 
total hydrocarbons using a Foxboro 18 FlO. Water samples were collected after the monitoring well was 
installed. After all samples were collected the well was then removed. The sampling results are listed in 
Appendix A. 

Based on discussions with the Monroe County Health Department, it is understood that the tanks were 
closed in accordance with FAC Chapter 62-761 Underground Tank Systems. The ground water samples 
showed high levels of Polynuclear Aromatic Hydrocarbons and Aromatic Volitales such as Benzene, 
Ethylbenzene and Xylene. Based on limited information compiled during the tank removal process the 
contamination source is unknown. OES recommended that further investigation of the contamination be 
conducted to determine the source and location for further options to remediate the area. 

'". 

BR ElTLH-98-02017586-3.2 3-1 CT00031 



4.0 SCOPE OF PROPOSED ASSESSMENTS 
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The proposed scope of work for assessment actMties will take place in two phases. The first phase (Phase 

1) will consist of performing a soil vapor assessment using direct push technology (DPT) , such as a 

geoprobe, to install soil borings to delineate the horizontal and vertical extent of vadose zone soil 

contamination. In conjunction with the direct push soil boring installation, a mobile laboratory will be used to 

screen soil and groundwater samples for BTEX and Diesel Range Organics (DRO) to determine the 

optimum location and number of permanent monitoring wells. Three of the soil borings will be converted to 

piezometers and will be utilized to determine the groundwater flow direction to aid in the placement of 

permanent monitoring wells. 

The second phase (Phase 2) will involve the mobilization of a drill rig to install four shallow monitoring wells. 

The placement of these wells will be based on ground water flow gradients and water quality data collected 

during the Phase 1 field investigation. Concurrent with this phase of work, groundwater samples will be 

collected from the newly installed wells. Specific capacity tests will be performed on three shallow 

monitoring wells, and a tidal survey will be conducted to measure tidal influence ori the water table at the 

site locality. 

The relative top of casing elevation and horizontal location of all the newly installed monitoring wells and 

removal and disposal of investigative-derived waste generated during the Phase I and Phase 2 field 

investigations will be performed as part of the Phase 2 field investigation. The horizontal locations of the 

monitoring wells will be surveyed in accordance with the Florida Plane Coordinate System, UTM or base 

coordinator grid system as deemed appropriate by the Navy's Remedial Project Engineer (RPM) and the 

ActMty Public Works Office. The monitoring well top of casing elevations will be surveyed in accordance 

with USGS NAD'83. 

4.1 SOIL INVESTIGATION 

~-

The soil vapor assessment will be conducted using DPT. This method of drilling is preferred due to the 

subsurface lithology which is predominantly quartz sand, the presence of a shallow water table, and to 

minimize the amount of soil cuttings generated during boring actMties. 

A total of 25 soil borings will be installed during the Phase 1 field investigation. Soil samples will be 

collected continuously from the ground surface to the water table. Soil samples will be collected using 

either a two foot or four foot sampler with plastiC liners. Vadose zone soils will be screened for vapors 

BR ElTLH-98-020nSB6-3.2 4-1 CTO-OO31 
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. follo,!"ing procedures for headspace analysis as required by Chapter 62-770 FAC The soil borings will be 
advanced until the water table is encountered. It is anticipated that groundwater will be encountered within 
3 to 6 feet of the ground surface. Prior to 'beginning each bore hole, the drilling crew will attempt to hand 
auger or post hole from the surface to four feet bls to ensure that no underground utilities are present. 
However, previous e>eperience at the site indicates that hand digging to this depth may be impracticable due 
to the highly indurated nature of th,e lithology at the site. As an alternative, all bOring locations will be 
scanned with a magnetometer prior to drilling to ascertain if any underground utilities are present. The 
location of the proposed bOrings are provided on Figures 4-1. 

If soil contamination is identified above State Target Levels (soil vapor readings greater than 50 ppm) at any 
proposed boring location, additional soil borings would be advanced to assess the areal e>dent of soil 
contamination. It is assumed 25 soil borings established on a 10 x 10 foot grid will provide sufficient areal 
coverage to delineate the soil contamination. Vadose zone soil samples will be collected from the interval 
of highest contamination (based on OVA readings) in three of the OPT soil borings for laboratory analysis 
for constituents of the Kerosene Analytical Group as defined in Chapter 62-770, FAC. 

Each soil boring will be backfilled with Type 1 Portland Cement. All locations drilled through asphalt or 
concrete will be completed with similar material and finished flush to existing grade. All soil samples 
obtained from the borehole will be screened with an organic vapor analyzer and then collected for lithologic 
and/or chemical analysis. 

A lithologic description will be made of each sampler and/or grab sample collected and a completed log of 
each boring will be maintained by the on-site geologist in accordance with Standard Operating Procedure 
(SOP) GH 1.5 included in Appendix B. At a minimum, the boring log will contain the following information: 

• Sample Numbers and Types 

• Sample Depths 

• Sample Recovery/Sample Interval 

• Soil Density or Cohesiveness 
'-

• Soil Color 

• Unified Soil ClaSSification System (USCS) Material Description 

BR ElTLH-98-02017586-3.2 4-2 CTO-O031 
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readings, drilling methods, and total depth of each borehole should be included on each log, as well as any 
other pertinent observations. An example of the boring log form is attached in Appendix B. 

The site's lithology and soil quality will be assessed from soil samples collected during the soil vapor survey. 
During drilling of the permanent !Y10nitoring wells (see Section 4.3), no split-spoon samples will be 
collected. Grab samples from the auger flights will be collected during boring advancement and logged. 

4.2 GROUNDWATER FIELD SCREENING FOR BTEX AND DIESEL RANGE ORGANICS (ORO) 
AND PIEZOMETER WELL INSTALLATIONS 

During the Phase 1 soil vapor survey (OPT investigation), a groundwater sample will be collected at each 
boring location for on-site analysis. The samples will be collected using tygon tubing and a peristaltic 
pump. The samples will be placed into appropriate sample bottles and immediately analyzed for BTEX 
and Diesel Range Organics (ORO) constituents using a mobile lab equipped with a gas chromatograph 
(GC). The OPT method for conducting field screening of water samples is the preferred method for 
sampling groundwater due to the amount of groundwater quality samples which can be collected over a 
short period of time without installing temporary and/or permanent monitoring wells 

Three bOrings installed during the soil vapor survey will be converted into piezometer wells completed with 
well screen to intersect the water table. Relative groundwater elevations will be determined from static 
water level measurements collected from the piezometer wells and used to determine the groundwater 
flow direction across the site. The locations of the piezometers will be determined in the field. The 
preliminary groundwater field screening results from the OPT investigation, and the groundwater flow 
gradient across the site, will be used to evaluate the location of permanent monitoring wells. 

The sample results from the groundwater field screening investigation will be plotted on a map and 
permanent monitoring well locations will be selected based on spatial distribution of identified constituents 
and the local groundwater flow pattern, identified from the relative groundwater level measurements 
collected from the site's piezometers. 

4.3 GROUNDWATER INVESTIGATION 

It is anticipated five shallow water table monitoring wells and one deep monitoring well will be required to 
assess the horizontal and vertical extent of dissolved hydrocarbons. The installation of the monitoring wells 
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will be completed during the Phase 2 field investigation. The proposed monitoring well locations will be 

determined based on groundwater quality data and the flow gradient across the site as determined from 

information collected during the Phase 1 investigation. The Navy and FDEP will be contacted to discuss the 

locations of the proposed monitoring wells. 

4.3.1 Monitoring Well Installation 

Permanent monitoring wells will be installed using hollow stem auger drilling techniques. These wells will 

be used to monitor water quality and evaluate the horizontal and vertical extent of contamination. Monitoring 

wells will be constructed of 2-inch ID Schedule 40, flush-joint PVC riser and flush-joint factory slotted well 

screen. Each section of caSing and screen shall be National Sanitation Foundation (NSF) approved. 

Screen slot size shall be 0.01 inch. The shallow monitoring wells will be constructed with 10 feet of screen 

with the top of the screen interval positioned approximately 4 feet above the water table. The vertical extent 

monitoring well will be constructed with 5 feet of screen with the top of the screen interval positioned 

approximately 15 to 20 feet below the bottom of the shallow wells. Atter the borings are drilled to the 

desired depth, (6-inch minimum diameter boring for 2-inch ID wells), the well will be installed through the 

augers. 

The lithology has been sufficiently characterized from previous investigations at NAS Key West that a sieve 

analysis of the soils is not needed in determining the type of sand pack and screen slot size for well 

completion. Clean silica sand of U.S Standard Sieve Size No. 20/30 will be installed into the boring annulus 

around the well screen as the augers are withdrawn from the boring. Due to the expected shallow depths 

of the monitoring wells, (less than 15 feet), it is proposed that the sand pack be poured around the annulus 

from the top of the hole. The sand pack will be set from the bottom of the hole to approximately 1 foot 

above the top of the well screen. A minimum 1-foot thick bentonite pellet seal will be installed above the 

sand pack and allowed to hydrate. The remainder of the bOring will be backfilled with a Type I Portland 

cementlbentonite grout. The depths of all backfill materials will be constantly monitored during the well 

installation process by means of a weighted stainless steel or fiberglass tape. The position of the top of the 

screen interval, sand pack and bentonite seal may be adjusted as site conditions warrant (elevated water 

table, etc.) 

Flush mounted steel well covers and manholes will be installed around the 2-inch ID wells. The manhole 

will consist of flush mounted 22-gauge steel, water resistant, welded boxwith 3/8-inch steel lid. A 2-foot by 

2-foot by 6-inch thick concrete apron will be constructed around the manhole. The manhole shall be 

completed 2 inches above existing grade and the apron tapered to be flush with the existing grade at the 
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edges such that water will run off of the apron. A detail of a typical flush-mounted well is shown on Figure 
4-2. All locks supplied for the wells will be keyed alike. After installation, the ground surface, and the top of 
the PVC riser pipe will be survey~d to within 0.01-foot vertical accuracy using datum points as discussed 
previously in Section 4.0. A monitor well construction diagram will be completed for each well instaUed. A 
sample of the monitoring well construction form is provided in Appendix B. 

The monitoring wells will be developed no sooner than 24 hours after installation to remove fine material 
from around the monitored intelVcll of the well. Wells will be developed by bailing and surging, or by 
pumping, as determined by the field geologist. The pH, temperature, specific conductance and turbidity 
measurements will be collected from the purge water. Wells will be developed up to a mcudmum of one 
hour or until these measurements become stable and the purge water is visibly clear. Water quality 
stabilization will be determined using the following criteria: temperature +/-O.SoC, pH +/-0.1 unit, and specific 
conductivity +/-10 umhos/cm and turbidity remains within a 10 Nepelometric Turbidity Unit (NTU) range for 
2 consecutive readings. Wells will be developed until approved by the field geoloQist. 

4.3.2 Groundwater Sampling 

Groundwater samples will be obtained from monitoring wells used in the assessment investigations in 
accordance with B&R Environmental's Comprehensive Quality Assurance Plan (FDEP Comp QA Plan No. 
870055) included in Appendix D. Prior to obtaining samples, water levels and total well depths will be 
measured and the wells will be purged using a peristaltic pump and a low flow quiescent purging technique. 
Three to fIVe well wlumes will be purged. If wells are purged dry with less than three well wlumes 
removed, the water level in the well will be alJowed to recover at least 80 percent, then a sample will be 
collected. Field measurements of pH, temperature, specific conductance, and turbidity will be taken after 
each wlume of water is purged. Stabilization of the above parameters is defined in the previous 
paragraphs. If these parameters do not stabilize after three wlumes, up to fIVe wlumes will be removed. 
Before purging, a clear bailer or an oil water interface probe will be used to check for free product. No 
samples will be collected from a well that e>ehibits measurable free product. The thickness of the- free 
product will be measured and recorded. Samples will be obtained using a peristaltic pump using a low flow 
quiescent sampling technique. The samples will be transferred directly into the appropriate (pre-preserved) 
sample bottles for analysis. Samples to be analyzed for wlatile constituents shall be taken first and 
immediately sealed in the vial so that no headspace exists. The sample constituents to be analyzed are 
summarized in Table 4-1. 
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Analyte ProposmMethod 

VOH EPA 8021 

VOA EPA 8021 

PAH EPA 8310 

LEAD EPA 239.2 

TRPH FL-PRO 

EDB EPA 504.1 

Nitrate EPA 300 

Sulfate EPA 300 

Methane RSKSOPs 
147 and 175 

VOH EPA 8021 

VOA EPA 8021 

PAH EPA 8310 

TRPH FL-PRO 

8 RCRA Metals 8 RCRA Metals 

Total Halides EPA 5050/9056 

TOTAL 

TABLE 4-1 

FIELD INVESTIGATION 
ENVIRONMENTAL SAMPLE SUMMARY 

SITE A902 
NAS Key West I Florida 

Env. lOW Duplicate Rinsate 
Samples saWles Samples Blanks 

(Aqueous) 

GROUNDWATER 
14 1 2 2 

14 1 2 2 

14 1 2 2 

14 1 2 2 

14 1 2 2 

14 1 2 2 

3 0 0 0 

3 0 0 0 

3 0 0 0 

SOIL 
3 1 0 1 

3 1 0 1 

3 1 0 1 

3 1 0 1 

0 1 0 0 

0 1 0 0 

105 12 12 16 

(1) Method referenced reflects FOEP requirements. 

Field Blank 
(Aqueous) 

2 

2 

2 

2 

2 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 
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Trip Blanks Total Samples 
(Aqueous) 

23 

2 23 

0 21 

0 21 

0 21 

0 21 

0 3 

0 3 

0 3 

0 5 

0 5 

0 5 

0 5 
-

0 1 , 

0 1 

4 161 

(2) lOW sample numbers based upon disposing of (10) 55-gallon drums (1 composite sample) of liquid and five 55-gallon drums (1 composite sample) of soil. 

All analyses are analyzed using standard 30-day laboratory tum around time. 
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Groundwater samples will also be collected from three select monitoring wells for field screening for 

dissolved oxygen and ferrous iron, and laboratory analysis for nitrate, sulfate, and methane. These 

parameters will be used to evaluate the sites potential for natural attenuation (intrinsic bioremediation). 

All pertinent field and sampling data shall be recorded using a groundwater sample form, attached in 

AppendixB. 

4.3.3 Groundwater Level Measurements 

Synoptic water level measurements will be taken from all monitoring wells at the sites. Static water level 

measurements will be measured from the north rim of the top of the PVC riser pipe using an electronic 

water level indicator. The newly installed wells shall be notched and marked so that the same point will be 

referenced for all measurements. The depth to water will be measured to the nearest 0.01 foot below the 

top of the PVC riser pipe. Three consecutive water level readings will be recorded from the well to the 

nearest 0.01 foot to assure an accurate water level is recorded. Water level measurements will be 

recorded to the nearest 0.01 foot in the appropriate field log book. 

4.4 AQUIFER TESTS 

B&R Environmental will perform a specific capacity pumping test on three selected shallow monitoring 

wells at the site. Each specific capacity test will be performed by pumping the well at a constant rate and 

measuring drawdown in the pumping well until the drawdown has stabilized. Static water levels in the 

pumped well will be measured using an electronic data logger. Specific capacity of the aquifer will be 

calculated from the test data and the aquifer transmissivity value estimated using methodology described 

by Kasenow and Pare, 1995. A hydraulic conductivity value will be estimated based on the aquifer 

transmissivity value and estimated aquifer thickness. 

A tidal influence survey will also be conducted on one shallow monitoring well at the Truck Fill Stand, to 

assess if tidal fluctuations are apparent in the study area. Static water levels in the well will be measured 

during a 24-hour period (or one complete tide cycle) using an electronic data logger. 
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4.5 EQUIPMENT DECONTAMINATION 
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The equipment involved in field sa~pling activities will be decontaminated prior to and during drilling and 
sampling activities. This equipment includes drill rigs, downhole tools, augers, well casing and screens, 
and soil and water sampling equipment. 

4.5.1 Major Equipment 

All downhole drilling equipment used in the construction and sampling of permanent monitoring wells, 
including downhole drill and sampling tools shall be steam cleaned prior to beginning work, between 
boreholes, any time the drill rig leaves the drill site prior to completing a boring, and at the conclusion of the 
drill program. 

These decontamination operations will consist of washing equipment using a high-pressure steam wash 
from a potable water supply and Alconox. Then the equipment will be rinsed with tap water. All 
decontamination activities will take place at a predetermined location. Additional requirements for drilling 
equipment decontamination can be found in SOP SA-7.1 included in Appendix B. 

4.5.2 Sampling Equipment 

All equipment such as trowels, bailers, and split spoon samplers used for collecting samples will be 
decontaminated prior to beginning field sampling and between sample locations. The following 
decontamination steps will be taken: 

• Tap water and Alconoxor Iiquinoxdetergent rinse. 

• Tap water rinse. 

• If trace metals are to be sampled rinse with 10-15% reagent grade nitric acid (the nitric acid 
should not be used on stainless steel sampling equipment). 

• Rinse thoroughly with de-ionized, analyte-free water. 
' -• Rinse with isopropanol 

• Rinse thoroughly with de-ionized, analyte-free water 

• Air dry. 

• Wrap equipment in aluminum foil until use. 

Field meters such as pH, conductivity and temperature instrument probes will be rinsed first with tap water, 
then with de-ionized, analyte-free water, and finally with the sample liquid. 
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4.6 WASTE HANDLING 
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Drill cuttings from monitoring well installations, well development water, and purge water will be collected 

and containerized in DOT approved (Specification 17C) 55-gallon drums. Each drum will be sealed and 

labeled and left at a drum staging area pending groundwater analytical results and/or composite waste 

sample results for disposal. A waste staging area will be established at the site location to store 

investigation derived waste generated during the site assessment investigation. A lined decontamination 

pad will be constructed and used to collect the water from steam cleaning of drilling equipment All 

decontamination materials generated during the site investigation will be containerized for proper disposal. 

4.7 SAMPLE HANDLING 

Sample handling includes the field-related consideration concerning the selection of sample containers, 

preservatives, allowable holding times and analysis requested. In addition, sample identification, 

packaging, and shipping will be addressed. All sample handling procedures will be in" accordance with B&R 

Environmental's Comprehensive Quality Assurance Plan (CompQAP No. 870055) which has been 

approved by the Florida Department of Environmental Protection (FDEP). 

The CompQAP address ~he topics of containers and sample preservations. A summary of bottle ware 

requirements, preservation requirements, and sample holding times are provided in Table 4-2. 
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Parameter 

A S ~queous amllles 
VOHs 

VOAs Plus MTBE 

1,2-Dibromomethane 

PAHs 

Lead (Total and 
dissolved) 
TRPH 

Table 4-2 
Summary of Analysis, Bottleware Requirements, Preservation Requirements, and Holding Times 

NAS Ke West, Florida 
Analytical Sample Preservation Method Container 

EPA Method 8021 

EPA Method 8021 

EPA Method 504 

EPA Method 8310 

EPA Method 239.2 

FL-PRO 

Glass Volatile 2x40ml 
Vial 

Glass Volatile 2x40ml 
Vial 

Glass Volatile 40ml 
Vial 

Amber Glass 1 L 

High Density SOOml 
Polyethylene 

Glass 1L 

H2S04 - Sulfunc acid 
HCI - Hydrochloric acid 

Add HCI to pH < 2; Chill to 4 
degrees Celcius 

Add HCI to pH < 2; Chill to 4 
degrees Celcius 

Add HCI to pH < 2; Chill to 4 
degrees Celcius 

Add .008% Na2S203;Chill to 
4 degrees Celcius 

Chill to 4 degrees Celcius 

Add H2SO4 to pH <2; Chill to 
4 degrees Celcius 

14 days 

14 days 

28 days 

Rev. 0 
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7 days until extraction; 40 days 
to analysis 
180 days 

28 days 
VOHs - VolatIle Organic Halocarbons 
VOAs - Volatile Organic Aromatics 
MTBE - Methyl-tert-butyl-ether (1) - Holding time is measured from date of sample collection to date of sample analysis. PAHS - Polynuclear Aromatic s 
TRPH - Total Recoverable Petroleum s 
RCRA - Resource ConseMtion and Recovery Act 

.' 
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Table 4-2 (Continued) 
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Summary of Analysis, Bottleware Requirements, Preservation Requirements, and Holding Times 
NAS Key West, 

Parameter 

S lid S 0 amples 
VOHs 

VOAs 

RCRAMetais 

TRPH 

PAHs 

Total Halides 

Analytical 
Method 

EPA Method 8021 

EPA Method 8021 

SW-846 Method 601 onooo 
series 
FL-PRO 

EPA Method 8310 

EPA Method 505019056 

VOAs - Volatile Organic Halocarbons 
VOHs - Volatile Organic AromatiCS 
MTBE - Methyl-tert-butyl-ether 

Florida 
Sample 

Container 

EnCore Sampler 

EnCore Sampler 

Clear Wide Mouth 
Glass 

Clear Wide Mouth 
Glass 

Clear Wide Mouth 
Glass 

Clear Wide Mouth 
Glass 

3x5g 

3x5g 

4 
ounces 

4 
ounces 

8 
ounces 
500ml 

H2S04 - Sulfunc acid 
HCI - Hydrochloric acid 

(1) - Holding time is measured from date of sample collection to date of 
sample analysis. 
PAHs - Polynuclear Aromatic s 
TRPH - Total Recoverable Petroleum s 
RCRA - Resource Conservation and Recovery Act 
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Preservation 

Chill to 4 degrees Celcius; Lab to 
preserve within 48 hours of 

samples (2) 
Chill to 4 degrees Celcius; Lab to 

preserve within 48 hours of 
samples (2) 

Chill to 4 degrees Celcius 

Chill to 4 degrees Celcius 

Chill to 4 degrees Celcius 

Chill to 4 degrees Celcius 

Maximum 
Holdin Time 

14 days 

7 days to extraction; 40 days to analysis 

180 days; e>a::ept mercury 28 days 

28 days 

14 days to extraction;40 days to analysis 

28 days 

CTO-0031 



. 4.8 SAMPLE IDENTIFICATION 
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Each sample collected will be as~igned' a unique sample tracking number. The sample tracking number 

will consist of a three-segment, alpha-numeric code that identifies the building number (the Site), sample 

medium, location, the sampling event identifier or sample depth (in case of soil samples) and the QC 

designation, if applicable. Any other pertinent information regarding sample identification will be recorded in 

the field logbook. 

The alpha-numeric coding to be used in the sample system is explained in the subsequent definitions: 

NN(N orA) 

AA 

AANN 

NNN(N) 

Character Type: 

A=Alpha 

N = Numeric 

Medium: 

(Building Designation) 

(Medium) 

(Location) 

(QC Designation, if applicable) 

GW = Groundwater sample form a monitoring well 

SS = Subsurface soil sample taken via soil boring 

TW = Temporary well groundwater sample 

Sample Location: 

Subsurface soil sample locations (SS) will correspond to the boring number (Le., SB02) 

Groundwater sample locations (GVV) will correspond to the well number (Le, 58-1) 

'. 

Temporary well groundwater sample locations (TVV) will correspond to the temporary well number 

(i.e, 58-TW1) 
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Sample Identifier: 

For soil samples = Sample depth interval, in feet 

For groundwater = Sampling round 

QA Sample Designation: 

D = Duplicate 

F = Field Blank 

B = Equipment Rinsate Blank 

T = Trip Blank 

Rev. 0 
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For example, a groundwater sample collected from monitoring well MW-01 at Building A902 UST would be 

designated as A902-GW-MW01-001. 

A duplicate sample from that same well would be A902-GW-MW01-001 D. 

A subsurface soil sample taken from Monitoring Well Boring 01 at Building A902 UST, at a depth of 4 to 6 

feet bls would be A902-SS-MW01-040S. 

Information regarding sample labels to be attached before shipment to a laboratory is contained SOP SA-

6.3 included in Appendix B. Examples of sample labels, chain of custody seals, and chain-of-custody forms 

are included in Appendix B. 

4.9 SAMPLE PACKAGING AND SHIPPING 

Samples will be packaged and shipped in accordance with B&R Environmental's CompQAP (FDEP Comp 

QA Plan No. 870055). The Field Operations Leader will be responsible for completion of the following 

forms when samples are collected for shipping. 

• Sample labels 

• Chain-at-Custody labels 

• Appropriate labels applied to shipping coolers 

• Chain-of Custody Forms 

• Federal Express Air Bills 
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4.10 SAMPLE CUSTODY 
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The chain-ot-custody begins with the release ot the sample bottles from the laboratory and must be 

documented and maintained from that point forward. To maintain custody ot the sample bottles or 

samples, they must be in someone's physical possession, in a locked room or vehicle, or sealed with an 

intact custody seal. When the possession of the bottles or samples is transferred from one person to 

another it will be documented on the field logbook and on the chain-of-custody. An example of a chain-of­

custody record is provided in Appendix B. 

4.11 QUALITY CONTROL (QC) SAMPLES 

In addition to periodic calibration of field equipment and appropriate documentation, quality control samples 

will be collected or generated during environmental sampling activities. Quality control samples include 

field blanks, field duplicates and trip blanks. Each type of field quality control sample is defined as follows: 

Rinsate Blank - Rinsate blanks are obtained under representative field conditions by running organic free 

water through sample collection equipment (bailer, split-spoon, etc.) after decontamination and placing it in 

the appropriate containers tor analysis. Rinsate blanks will be used to assess the effectiveness of 

decontamination procedures. Rinsate blanks will be collected for each type of non-dedicated sampling 

equipment used and will be submitted as shown in Table 4-1. 

Field Duplicate - Field duplicate(s) are two water samples collected independently at a sample location 

during a single act ot sampling under representative field conditions. Field duplicates sample frequencies 

are provided in Table 4-3. The duplicates shall be analyzed for the same parameters in the laboratory as 

indicated in Table 4-1. 

Trip Blanks - Trip blank(s) will be prepared at the laboratory facility and will accompany the VOA vials to the 

sampling site and back to the laboratory. Trip blanks are not required by the FDEP unless 10 or more 

wlatiles samples are collected during a given sampling event. Trip blank sample frequency are provided in 

Table 4-3. 
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#of 
Samj)les 

10+ 

5-9 
<5 

NR = Not required 
BLK= Blank 

Precleaned 
quipment BLK 
minimum of 

one 
then 5% 

one* 
one* 

TABLE 4-3 

Field cleaned Trip BlK Duplicate 
Quipment BLK (Voes) 
minimum of one minimum 

one per one 
then 5% cooler then 10% 

one* NR one 
one* NR NR 

* Note: For 9 or fewer samples, a precleaned equipment blank or a field cleaned equipment blank 
is required. A field cleaned equipment blank must be collected if equipment is cleaned in 
the field. 

Rev. 0 
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4.12 FIELD MEASUREMENTS 
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Certain field measurements will b~ recorded during sampling activities including groundwater temperature, 

pH, specific conductance, and turbidity. Instruments used in the field to record this data and additional 

instruments will be calibrated according to the procedures described below. 

4.12.1 Parameters 

• Air monitoring - OVA 

• Temperature - Temperature probe 

• Specific conductance - Specific conductance meter 

• pH - pH meter 

• Turbidity - Turbidity meter 

• Depth to water table - interface probe 

4.12.2 Equipment Calibration 

The electroniC water-level indicator will be calibrated prior to mobilization and periodically at the discretion 

of the Field Operations Leader. The remaining instruments will be calibrated daily and/or according to the 

manufacturer's operation manual. 

Calibration will be documented on an Equipment Calibration Log as shown in Appendix B. During 

calibration, an appropriate maintenance check will be performed on each piece of equipment. If damaged 

or defective parts are identified during the maintenance check and it is determined that the damage could 

have an impact on the instrument's performance, the instrument will be removed from service until 

defective parts are repaired or replaced. 

4.12.3 Equipment Maintenance 

' . 

Measuring equipment used in environmental monitoring or analysis and test equipment used for calibration 

and maintenance shall be controlled by established procedures. Measuring equipment shall have an initial 

calibration and shall be recalibrated at scheduled intervals against certified standards. 

B&R Environmental maintains a large inventory of sampling and measurement equipment. In the event 

that failed equipment cannot be repaired replacement equipment can be shipped to the site by ovemight 

express carrier to minimize downtime. 
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4.13 

4.13.1 

FIELD QA/QC PROGRAM 

Control Parameters 

Rev. 0 
5/28/98 

Field control parameters and limits, which address various field blanks and duplicate samples, are 

described in Section 4.10 ac Samples. Control checks and sampling frequency are also presented in 

Section 4.10. 

4.13.2 Control Limits 

QA/QC specifications for field measurements are summarized on Table 4-4. This table shows control 

parameters to be assessed, control limits, and corrective actions to be implemented. 

The B&R Environmental representative on site will confirm measurements of total depth of borings and 

wells, dimensions and placement of well screens and casings, and volume and placement of filter pack 

and grout materials by independent measurement. The Field Operations Leader will e>eamine field 

laboratory records and field log books on a weekly basis during field actMties. 

4.13.3 Corrective Actions 

The need for corrective actions may become apparent during surveillance of field actMties, procurement of 

services and supplies, or other operations that may affect the quality of work. The identification of 

significant conditions adverse to quality, the cause of the conditions, and the corrective actions shall be 

documented and reported to the appropriate levels of management. The B&R Environmental Project 

Manager will have overall responsibility for implementing corrective actions, and must identify those from 

initiating corrective action to remedy immediate effects of the problem. 

The corrective action program covers the analysiS of the cause of any negative findings and the corrective 

actions required. This program includes the investigation of Significant or repetitious unsatisfactory 

conditions relating to the quality of sampling, or the failure to implement and adhere to required quality 

assurance practices such as Standard Operating Procedures. 
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Analysis 
Air monitoring using an 
organic vapor analyzer 
(FlO) 
pH of water 

Specific conductance of 
water 

Temperature of water 

TABLE 4-4 

FIELD. QA/QC SPECIFICATIONS 
NAS Key West, FLORIDA 

Control Parameter Control Limit 
Daily check of Calibration to 
calibration of FlO manufacturer's 

specifications 
Continuing calibration pH=7.0±0.1 
check of pH 7.0 butter 

Continuing calibration ± 1 % of standard 
check of standard 
solution 
Check against NIST ± 0.1 °c at two different 
precision thermometer temperatures 

FlO - flame ionization detector 
NIST - National Institute of Standards and Technology 
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Corrective Action 
Recalibrate. If unable 
to calibrate, replace. 

Recalibrate. If unable to 
calibrate, replace 
electrode. 
Recalibrate. 

Reset thermistors in 
accordance with 
manufacturer's 
specifications; dispose 
of inaccurate 
thermometer. 
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4.14 RECORD KEEPING 
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In addition to chain-of-custody records associated with sample handling and packaging and shipping, 

certain standard forms will be completed for sample description and documentation. These shall include 

sample log sheets (for soil and groundwater samples), daily activities record and logbooks. An example of 

these forms can be found in Appendix B. 

A boundlweatherproof field notebook shall be maintained by each sampling event leader. The field team 

leader or designee, shall record all information related to sampling or field activities. This information may 

include sampling time, weather conditions, unusual events (e.g., well tampering), field measurements, 

descriptions of photographs, etc. 

A site logbook shall be maintained by the Field Operations Leader. The requirements of the logbook are 

referenced in Appendix B. This book will contain a summary of the day's activities and will reference the 

field notebooks when applicable. 

Each field team leader who is supervising a drilling subcontractor activity must complete a Daily Activities 

Record (DAR). The DAR documents the activities and progress of the daily drilling activities. The 

information contained within this report is used for billing verification and progress reports. The drillers 

signature is required at the end of each working day to verify work accomplished, hours worked, standby 

time and material used. An example of this form is provided in Appendix B. 

At the completion of field activities, the Field Operations Leader shall submit to the Project Manager all field 

records, data, field notebooks, logbooks, chain-of-custody receipts, sample log sheets, drilling logs, daily 

logs, etc. 

4.15 SITE MANAGEMENT AND BASE SUPPORT 

B&R Environmental will perform this project with support from the Navy. This section of the Work Plan 

describes the project contacts, support personnel, project milestones and time frames of all major events. 

Throughout the duration of the investigation activities, work on the NAS Key West Naval Base will be 

coordinated through SouthDivand NAS Key West personnel. The primary contacts are as follows: 
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4.15.1 

1. SouthDiv Engineer in Charge 

Mr. 8yas Glover 

(803) 820-5651 

2. NAS Key West Environmental Engineer 
Mr. Jim Simmen 

(305) 293-2881 

Support From NAS Key West 

Rev. 0 
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The following support functions will be provided by NAS Key West personnel 

4.15.2 

• Assist B&R Environmental in locating underground utilities prior to the commencement 
of drilling operations. 

• Provide existing engineering plans, drawings, diagram, files, etc., to faCilitate evaluation 
of the Sites under investigation. 

• Provide all historical data, background geological and hydrogeological information, and 
initial site investigation documents. 

Assistance From NAS Key West 

NAS Key West personnel will aid in arranging the following: 

• Personnel identification badges, vehicle passes, and/or entry permits. 

• A secure staging area (approximately 1,000 square feet) for storing equipment and 
supplies. 

• A supply (e.g., fire hydrant, stand pipe, etc.) of large quantities of potable water 
for equipment cleaning etc. 

• As required, provide escorts for contract personnel working in secured areas (all 
contract personnel working at the Naval Base will be U.S. citizens). 
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• 

4.15.3 
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Establish a decontamination area and waste staging area located adjacent or near the 

study area. 

Support From B&R Environmental 

The project will be staffed with personnel from the B&R Environmental's Tallahassee, Florida office. 

During field activities, B&R Environmental will provide a senior level geologist andlor staff geologist, and 

equipment technician. 

Mr. Paul Calligan, P.G., is the Task Order Manager (TOM) for CTO 0031 and will be the primary paint of 

contact. He is responsible for cost and schedule control as well as technical performance. Mr. Calligan is 

a Florida Licensed Professional Geologist and will serve as the TOM and will provide senior level review 

and oversight during field activities. Mr. Calligan will be the primary point of contact for the Field Operations 

Leader. 

4.15.4 Contingency Plan 

In the event of problems which may be encountered during site activities, the SouthDiv point of contact will 

be notified immediately, followed by the 8&R Environmental project manager and the NAS Key West point 

of contact. The project manger will determine a course of action so as to not interfere with the schedule or 

budget. All contingency plans will be approved through the SouthDiv paint of contact before being enacted. 
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5.0 PROPOSED LASORA TORY ANALYSIS 
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Soil samples for laboratory analysis will be collected from borings conducted during the soil hydrocarbon 

vapor assessment (Phase I field investigation). Groundwater samples for laboratory analysis will be 

collected from newly installed monitoring wells (Phase 2 field investigation). The groundwater and soil 

samples will be analyzed in accordance with parameters as identified in Chapter 62-770.600, FAC (see 

Sections 5.1 and Section 5.2 below for specific sampling requirements regarding soil and groundwater). 

5.1 SOIL INVESTIGATION 

Three soil samples will be collected and analyzed for constituents in the Kerosene Analytical Group as 

defined by Chapter 62-770.600, FAC Parameters within these groups are identified on Table 4-1. The soil 

sample will be collected from three borings (one sample per boring) advanced during the soil vapor 

assessment. The samples will be collected from borings located in the area where the highest soil vapors 

were detected during the Tank Closure Assessment. 

5.2 GROUNDWATER INVESTIGATION 

Groundwater samples will be collected from each newly installed permanent monitoring wells and 

analyzed for parameters in the Kerosene Analytical Group in accordance with Chapter 62-770.600, FAC A 

groundwater environmental sampling summary and a summary of Investigative Derived Waste sample 

parameters are summarized in included in Table 4-1. 
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6.0 PROPOSED SCHEDULE 
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Phase 1 of the field work is proposed to begin in early June, 1998 and take approximately 5 days to 

complete. Phase 2 work is anticipated to begin in early to late July, 1998. Phase 2 of the field work will 

begin immediately upon approval ofthe permanent monitoring wells by the FDEP following review of Phase 

I soil and groundwater quality data. The SAR developed with the completion of Phase 2 field activities will 

be completed and submitted to the Navy for review approximately 40 days after Phase 2 sampling activities 

are completed. 

If necessary, a Remedial Action Plan (RAP) wiJ/ be developed upon approval of the SAR by the FDEP. It is 

anticipated the RAP will be submitted to the Navy for review approximately 60 days after field activities for 

the RAP are completed. The remedial technology considered for site remediation will be determined based 

on the findings presented in the SAR. 
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7.0 REPORT 
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Upon completion of all field work and laboratory analysis, a SAR summarizing the results of the 
investigation will be submitted to the FDEP. Basic UST system information including site Facility 
Identification Number, facility name and address, date closed, area, type of system and tank capacity will be 
provided. Data recorded during tank removal will be included. Also included in the report will be graphical 
presentations of the groundwater screening results, and complete summaries of the soil and groundwater 
analytical results. The locations of the soil samples and monitoring wells will be presented on scaled 
figures. Boring logs, chain-of-custody forms, field forms, field screening results, and analytical reports will 
be included in Appendices of the report. 

The report will include a determination if remediation is required in accordance with Chapter 62.770 FAC 
action levels for soil and groundwater remediation. If remediation is deemed appropriate, a recommended 
remediation technique will be presented with an implementation schedule. A Responsibility Assignment 
Matrix, and meeting with Remedial Action Contractors (RACs) to discuss the results of the contamination 
assessment will be developed, scheduled, and implemented. 
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APPENDIX A 

INTERIM REMEDIAL ACTION AND TANK 
CLOSURE ASSESSMENT DATA FOR TRUCK FILL STAND, BUILDING A902 
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OMEGA ENVIRONMENTAL SERVICES, I 

October 25 , 1995 
4661 Hammennill Rei Suite B Tuc:ket Cit - ') 

Fax: (404) 934-2451 Tel: (404) 62 1 

Subject: Underground Storage Tank Closure 
Naval Air Station, Key West, Florida 
Tank A902B . 
Contract No. N62467-93-C-0645 

Omega Environmental Services is pleased to submit this closure report and Closure Assessment form 17-176.900(6) to Mark Ewing, Key West, NAS Project Manager. We 
recommend that this report be submitted to the following offices. 

Florida Department of Environmental Regulations 
South District Office 
2269 Bay Street 
Ft. Myers, Florida 33901-2896 

Bob Tumer 
Monroe County Public Health Services 
P. O. Box 6193 
Key West, Florida 33041-6193 

It is my professional opinion that this report meets the Florida Department of 
Environmental Regulations reporting requirements for Underground Storage Systems, and also meets the specifications required by the Department of the Navy described in contract N62467-93-C-064S, Section 02082, p.3.23 (Closure Reports). 

Omega Environmental Services greatly appreciates the opportunity to assist Naval Air 
Station, Key West, Florida in the Closure of the underground storage tanks associated 
with this project. !fyou have any questions do not hesitate to call for furtber assistance. 

O~ 
C. H. Moss, PE 
Professional Engineer 

--
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1.0 Site Information 

On September 28, 1995 Omega Environmental Services removed one underground 
storage tank, [ A902B ] located at the Boca Cbica Naval Air Statio~ Fuel Farm Fill 
Statio~ in Key West, Florida. The tank was constructed of plate steel and had a capacity 
of one thousand gallons. The tank was used "for water canting storage from the JP 5 fuel 
filter system located at the fuel farm. The tank was reported to be installed in 1990. 

Omega Environmental Services was contracted by the U. S. Navy to remove the tanks and 
associated piping in the excavation and compile all associated reporting and site closure 
infonnation. The ground water was assessed to be less than twenty feet from the surface 
which required sampling to comply with FDER regulations. The installation of a ground 
water monitoring well was perfonned after the removal process and the samples were sent 
to Envirolab, Ormond Beach, Florida for analysis. 

Due to the tank be~g located in a photograph restricted area no photos of the site or tank 
removal will be available for this report~ 

2.0 UST Removal 

On September 26, 1995 OES contracted EMC Corporation to remove the liquid from 
tank A902B. On September 28, 1995 DES prepared the location for removal of the tank. 
The soil was removed to expose the top of tank which was three feet below the ground 
surface. The supply piping was rinsed and disconnected from the tank. and removed. The 
vent piping was completely removed from the tank and building. The soil was excavated, 
with a backhoe, down each side of the tank and across the ends of the tank. The tank was 
checked for the presence of a hazardous atmosphere and found to be safe for removal. 
The tank was removed from the excavation and loaded onto a truck for transport to a lay 
down area for processing for recycling. Omega Environmental Services then backfilled 
the excavation with fill dirt compacting the soil back to the original grade in one foot lifts. 

3.0 Soil Screening 

The Soil was tested for total hydrocarbons using a Foxboro 108 FID Morutor by John 
Fleming of DES. Sampling was conducted throughout the removal process on the soil. 
The monitor was allowed to wann up for twenty minutes before calibration. 98 ppm 
Methane gas was used to calibrate the instrument before testing. The background reading 
was recorded in the area before sampling was initiated. Samples were taken using latex 
gloves and placed in pint jars with an aluminum foil cover. The samples were then placed 
in an ice chest to allow the temperature to equalize. The location of the side wall samples 
were chosen to be the closest to the tank with a depth that would most likely be 
contaminated by leaking fuel. Sampling was conducted at the top of the groundwater 
level to detect any fuel floating on the water. Samples were taken along the piping and at 
the fill ports and other locations as specified by the FDER. The samples were numbered 
and locations recorded along with other information. The samples were then screened 

, . 



using the Foxsboro 108 and the sample data recorded. The sample results are listed in Appendix 2 of this document. All data was recorded in a bound field log at the time of 
sampling and the field log is available upon request for review by Regulatory Agencies. The sample locations are indicated on the site p~ Appendix 1. Head-space sampling 
was perfonned in accordance with FDER Quality Assurance Standard Operating Procedures for Petroleum Storage System Closure Assessments, Section III and IV respectively. 

Water samples were taken after the monitoring well was installed. Two inch PVC piping 
was used for the monitoring well and it was installed by Omega Environmental Services .. 
After installation of the well 15 gallons of water was pumped from the well, five times the 
volwne, and the sample bottles were filled for analysis. The well was removed after all 
samples were taken. The samples were shipped, with ice as a preservative, by Federal 
Express with a Chain of Custody to EnviroIab, Ormond Beach, Florida. Sample results are listed in Appendix 4. 

4.0 CODclus,ions 

Based on discussions with Bob Turner [Monroe County Health Department] we are of the 
opinion that the tanks were closed in accordance with FAC Chapter 62-761 Underground 
Storage Tank Systems. The ground water analysis showed high levels of Polynuclear 
Aromatic Hydrocarbons and Aromatic Volatiles such as Benzene, Ethylbezene, and 
Xylene. OVA readings of the soil revealed contamination and the site appeared 
contaminated before OES started excavation. Free fuel was present on the ground water 
in the excavation during the removal of the tank. The tank appeared in excellent condition 
with no sign of leaks. It is Omega Environmental Services opinion that the contamination 
found in the ground water may have come from a different source or from spillage. Due 
to the amount of soil contaminated in the area and the Navy's consideration of plans to 
remediate the area OES was directed to replace the soil as backfill. Based upon the 
limited infonnation compiled during the tank removal process OES must report the 
contamination source as unknown. OES recommends that further investigation of the 
contamination be conducted by the Navy to detennine the source and location of the 
contamination and options to remediate the area. 
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:J1T.~~a l;;{1vlronmental Services Tucker, Georgia Page 1 of 1 

OVA Field Data Sheet ----------~---------r-------------_.-----------------

Project Name 

KeyWestNAS 

Site Name or Number 

A9028 

Contract Number Comments 
N62467 -93-C-0645 

JP 5 Canting tank 
Date 

28-Sep-95 C_~_lib_~at~ion~l_n-f~-;~!i_o_n _____ lDa!_e-====:==2~-Se~-9~-_-!~-'m-e-----2-:00-pm_- ~~_I ___ __ __ __ _ _____________ ___ __ ____ _ 

]
calibration Gas Sample Technician 

Instrument 

Methane Standard John Fleming 
-----------------~---- -------------4--------~--------------

Foxsboro 108 

Actual Concentration 
Measured Concentration All Readings Measured 98 

98 in Parts per Million Sample Sample Sample Sample Date Time OVA Methane Corrected Number Location Method Temperature Sampled Sampled Reading Reading Reading 
--

1 North Wall Grab 85' f. 28-Sep-95 2:30pm _ 150.00 0.00 150.00 2 West Wall Grab 85' f. - 28-Sep-95 2:30pm 180.00 0.00 180.00 3 EastWali Grab 85' f. 28-Sep-95 2:30pm 200,00 0.00 -200.00 4 South Wall Grab 85' f. 28-Sep-95 2:30pm 150.00 0.00 150.00 5 Under Tank Grab 85' f. 28-Sep-95 2:30pm 250.00 0.00 250.00 6 Piping Grab 85' f. 28-Sep-95 2:30pm 150.00 0.00 150.00 

L-- ______ -L.. _ ________ --L ____ --'-__________ '--_______ --'--_____ --1 _____ ------- --------- -
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f/"~ . . . 
f~., ;..or ~ Florida Department of Environmental Regulation 
~ . , 1'Ntn 1bwcs Omc:e Bldg .• 2600 Blair Scone Road • ~ Ronda 32399-2400 

-"!lee 0.:_ to. 1990 

·" .b."::" ' ~ ',' , ~, .. 
. .. ......~ ~ rv:t&"'~ 

Closure Assessment Form 

lJ~ners of storage tank systems that are replacing. removing or closing in place storage, tanks ~ u~ this form to ~emonstrate that a storage 
system closure assesment was performed in accordance with Rule 17-761 or 17-762. F10nda AdmIniStrative Code. ERglble Early Detection Incen· 
t" 19 (EDI) and Reimbursement Program sites do not have to perlonn a dosure assessment. 

.. J 

, Please Print or Type 
Complete All Applicable Blanks 

Date: ___ l_0_~_l_2-_9_5 ___________________________ ~ __ _ 

2. DER Facility 10 Number: 449400050 3. County: Monroe 

Facility Name: __ B_o_c_a_Ch_i_ca_F_u_e....;1;;;."".:F;,.;;4;;,:Im:.:=..,,:F,,:i;:;l;:;l....:,S_t_a.;;.t_i_on _________ ~----_------_ 
5. Facility Owner. _U......;.,.. S;;...;.....;.N...;;a;.,;,vy~ _______________________________ _ 

Facility Address: Building 902 

'i Mailing Address: Naval Air Station Key West, FL 33040-5000 

Telephone Number: ( 305) 293-2030 9. Facility Operator: __ J_im_S_imm __ o_n ... s ________ _ 

10. Are the Storage Tank(s): (Circle one or both) A. Aboveground or @ Underground 

Type of Product(s) Stored: __ D_i_es_e1 _____________________________ _ 

12. Were the Tank(s): (Circle one) A. Replaced @ Removed 

Number of Tanks Closed: __ 1 ___________ _ 

c. Closed in Place 0. Upgraded (aboveground tanks only) 
1~ AgeofTan~ __ 5_y_e_a_r_s ________ _ 

.! 

8 
~ 
[l 

No 

0 
I!J 

0 
[!J 

Net 
Applicable 

NA 

0 

~ 
[l 

0-0 
0 [!] 

[] 0 0 

~ 0 0 
l '0 (KJ 
L.J ~ 
gl 0 

Facility Assessment Information 

• 

1. Is the facility participating in the Florida Petroleum Uability Insurance and Restoration Program (FPLlRP)? 

2. Was a Discharge Reporting Fonn submitted to the Department? 
If yes. When: Where: _' _______________ _ 

3. Is the depth to ground water less than 20 feet? . 

4. Are monitoring wells ~sent around the stor;!9,e system? 
If yes. specify type: U Water monitoring U Vapor monitoring 

5. Is there' free product present'in the monitoring wells or within the excavation? 

6. Were the petroleum hyQrocarbon vapor levels in the soils .Qreater than 500 parts per million for gasoline? 

Specify sample type: 0 Vapor Monitoring wells 0 Soil sample(s) 

7. Were the petroleum hyQrocarbon vapor levels in the soils greater than 50 parts per million for dieselJkemsene? 

Specify sample type: 0 Vapor Monitoring wells J8l Soil sample(s) 
a Were the analytical laboratory results of the ground water sample(s) greater than the allowable state target levels? 

(See target levels on reverse side of this form and supply laboratory data sheets) . 

9, If a used oil storage system. did a visual inspection detect any discolored soil indicating a release? 

10. Are any potable wells located Within '14 at a mile radius of the facility? 
11. Is there a surface water body within '14 mile radius of the site? If yes,' indicate distance: ~ Mile 

P-oe I 012 



DIIt_. 17."'~ l~~~ Florida Department of Environmentai Regulation - ... :::...~=:'~ .. ,J II 
....... 0.. 0-- tQ. '-' -~.,~ I ~. 1'ftn 1bwers orne.: Bldg • • 2600 81:ak Scone Ro:Id • ~ I'1ortda 32399-2400 eut ___ ... 
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Underground Storage Tank Installation and Removal Form 
For Certified Contractors 

Pollutant Stotage System Specialty Conuacrots as defined in 5edfcn 489.113. Ronda Statutes (Certified ccrnractcrs as defined in Section 17-761 1: Aorida AdminisUative Code) shall use this form to cenify that the inslallation. replacement or removal at the storage tank ~~(s) loc . :E at the address listed bekM was performed in acccrdance with Department Relerence SrandardS. 

General Facility Information 
1. OER~~~mm~onN~: __ ~4~49~4~0~0~05~0~ __________________________________________ _ 

Boca Chica Fuel Farm Fill Station 
2. FaCIlity Name: ___________________ _ Telephone: ( 305 293-2881 
3. Street Address (physicalloc:aJion,: _. -=B;.:u::i:;ld::;1n::.s;gI....:.9,.=.0.:;.2 _____________________ _ 

Naval Air Station, Key West, FL 33040-5000 

Commanding Officer (Code 1883) 4. OwnerName:; ______ ~~~~~~~~~~~ _____ _ Telephone: (305 )...,;2;;,;;9...;;.3_-.;;.;28;,.;;8;,;:;1 ___ _ -~ OwnerAdd~ ___ ~N~a~v~a~l~A1~r~S~t~a~t=i~on~,~K~e~y~W~e~s~t~,~FL~~3~3_04_0 ______________________________ _ 
6. Numcer of 'ianks: L Installed at this rime ____ _ b. Removed at this time 1 Tank A9 ° 2B 
7. r.nk(l) Manufactured bv: ____________ ._--_____________________________ _ 
5 Date Work Initiated: ___ 9_-_27_-..;9;,.;;5;.....-_______ _ 9. Dale Work Completed: _1_0_-_1_1_-_9_5 ____ _ 

Underground PoUutant Tank Installation Checklist 
?Ie~ certify the completion of the fOllowing installation requirements by placing an (X) in Ihe appropriate box. . . 

1. The tanks and piping are corrOsion resistant and approwd for use by Stale and Federal Laws. 
2. EJtcavation, bBCkfiU and compaction completed in accordance with NFPA (National Fire Protection Association) 30(87). API (American Petroleum Instrtule, 1615. PEl (PeUOleum Equipment Institute) AP100-87 and the manuiacturers· specifications. 

L 
[ 

J. Tanks and pipng pretested and installed in accordance with NFPA 30{S7l. API 1615. PElJAP100(87) and the manufacturers' speCIfications. 

4. Steei ranks and piping are cathodiCally protected in mrdance with NFPA 30(87). API 1632. UL (Underwriters Laboratory) 1746. sn (StetM Tank Institute) R892·S9 and the manufacturer's specificati~ns. . 
5. TankS and pieing tested for rightness atter installation in accoraance witIT NFPA 30(87) and PEURP100-87. 
6. Monltonng well(s, or other leak detection devices instaUed and :ested in accordance with Section 17-761.640, Aonca AdministratMt Code (F.A.c.) 

7. 50111 and overlin protection devices Installed in accordance wilh Section 17·761.500. F.A.c. 
S. Secondary containmenl installed tor tanks and piping as applicable in accordance wilh Section 17·761..500. 'r.A.c. 

c 

-: - ' 
Pl .... Nota: The numbers fOllowing the abbreviations (e.g •• o\PI 1615) are publication or soecification numbers issued by Ihese instuturions. 

Underground PoUutant . Tank Removal Checklist 
I. Closure assessment pertormed in accordance with Section 17·761.800. F.A.c. ; 

2. Underground rank removed and disposed of as specified in API 1604 in acordance with Section 17-7~1.800. F.AC. 

P-oe I all 
--o...a 
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OMEGA ENVIRONMENTAL SERVICES 
4661 HAMMERHILL ROAD, sunE B 
TUCKER, GA 30084 ENVIROLAB Attn: M. DOUG DRIVER 

ANALYTICAL REPORT 

Submission Number: 9509000339 Clientts P.O. Number: 
Date Received: 09/29/95 Project Number: 95012 
Date Reported: 10/10/95 Project Name: ICEY WEST NAS 

Lab Sample Number: 9339 23 Date Sampled: 09/28/95 
Client sample "UJaer: A902B Sample Matrix: GROUND WATER 
Sample Description: GROUND WATER 

Method Analyte Result Q Unit Analyst 

418.1 
239.1 

610 
610 
610 
610 
610 
610 

• 6JO 
610 
610 
610 
610 
610 
610 
610 
610 
610 
610 
610 
504.1 

60Z 
60Z 
602 
602 
602 
602 
602 

TRPH 1500 MG/L 
LEAD 0.26 MG/L . 

POLYNUCLEAR AROMATIC HYDROCARBONS 
ACENAPHTHENE < 20 D UG/L 
ACENAPHTHYLEHE < 30 D UG/L 
ANTHRACEHE < 20 D UG/L 
BENZ(A)ANTHRACENE < ZO 0 UG/L 
BENZO(A)PYRENE < ZO D UG/L 
BEHZO(B)FLUORANTHEHE < ZO D UG/L 
BEHZO(G,H,J~EarLEME < ZO 0 UG/L 
BENZO(K1FLUORANTHENE < 20 D UG/L 
CHRYSEHE < 20 0 UG/L 
0IBENZO(A,H1ANTHRACENE < 20 0 UG/L 
FLUORAHTHEHE < 20 D UG/L 
FLUORENE < 20 D UG/L 
INDENO(1,2,J-C01PYRENE < 20 D UG/L 
1-METHYLNAPHTHALENE 910 D UG/L 
Z-METHYLNAPHTHALEHE 1300 D UG/L 
NAPHTHALENE 550 D UG/L 
PHENANTHRENE < 20 D UG/L 
PYRENE < ZO D UG/L 
ETHYLEHE OIBROMIDE <0.010 UG/l 

GAG AND KAG AROMATIC VOLATILES 
BENZENE 2.Z UG/L 
CHLOROBENZENE <0.50 UG/l 
t,2-DICHLOROBENZENE <0.50 UG/l 
t,3-DICHLOROBENZENE <0.50 UG/L 
1,4-DICHLOR08ENZENE <0.50 UG/L 
ETHYLBENZENE 120 UG/L 
METHYL tert-BUTYL ETHER <0.50 UG/l 

P.O. Box 468 • 8 East Tower Circle • Ormond Beach. Florida 32175-0468 
(904) 672-5668 • Fax (904) 673-4001 

LL 
BB 

ODL 
ODL 
ODL 
ODL 
ODL 
ODL 
ODL 
ODL 
ODL 
ODL 
ODL 
ODL 
ODL 
ODL 
ODL 
ODL 
ODL 
ODL 
VIP 

1M 

1M 

1M 

RM 
RM 
RM 
RM 

Date 
Analyzed 

10/05/95 
10/09/95 

10/0Z/95 
10/02195 
10/02195 
10/0Z/95 
10/0Z/95 
10/0Z/95 
10/02195 
10/0Z/95 
10/0Z/95 
10/02/95 
10/02/95 
10/02/95 
10/02/95 
10/0Z/95 
10/0Z/95 
10/02/95 
10/0Z/95 
10/02/95 
09/29/95 

to/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 

Page '. 

Date 
Prepared 

09/29/95 
09/29/95 
09/29/95 
09/Z9/95 
09/Z9/95 
09/Z9/95 
09/Z9/95 
09/Z9/95 
09/Z9/95 
09/Z9/95 
09/Z9/95 
09/Z9/95 
09/Z9/95 
09/Z9/95 
09/29/95 
09/Z9/95 
09/29/95 
09/Z9/95 
09/29/95 



DrInkIng Water 
HilS '83160 

OMEGA ENVIRONMENTAL SERVICES 
4661 HAMMERMILL ROAD, SUITE B 
TUCKER, GA 30084 ENVIROLAB 
Attn: M. DOUG DRIVER 

ANALYTICAL REPORT 

Submission Number: 9509000339 CLient's P.O. Number: 
Date Received: 09/29/95 Project Number: 95012 
Date Reported: 10/10/95 Project Name: KEY WEST HAS 

Lab Sample Number: 9339 23 Date Sampled: 09/28/95 
Client Sample Number: A902B Sample Matrix: GROUND ~ATER 
Sample Description: GROUND ~ATER 

Method Analyte Result Q Unit Analyst 

602 
602 
602 
602 

601 
601 
601 
601 
601 
601 
601 
601 
601 
601 
601 
601 
601 
601 
601 
601 
601 
601 
601 
601 
601 
601 
601 
601 

GAG AND KAG AROMATIC VOLATILES 
TOLUENE 2.2 UG/L 
o-XYLENE 150 UG/L 
.. XYLENE 62 UG/L 
p-XYLENE 62 UG/L 

GAG AND KAG HALOGENATED VOLATILES 
BROMODI CHLOROHETHANE <0.50 UG/L 
BROMOFORM <0.50 UG/L 
BROMOMETHANE <0.50 UG/L 

.. "CARBON TETRACHLORIDE <0.50 UG/L 
CHLOROBENZENE <0.50 UG/L 
CHLOROETHANE <0.50 UG/L 
CHLOROFORM <0.50 UG/L 
CHLOROMETHANE <0.50 UG/L 
2-CHLOROETHYL VINYL ETHER <1.5 UG/L 
DIBROHOCHLOROHETHANE <0.50 UG/L 
1,Z-DICHLOROBENZENE <0.50 UG/L 
1,l-DICHLOROBENZENE <0.50 UG/L 
1,4-DICHLOROBENZENE . <0.50 UG/L 
DICHLORODIFLUOROMETHANE <0.50 UG/L 
1,1-DICHLOROETHANE <0.50 UG/L 
1,Z-DICHLOROETHANE <0.50 UG/L 
1,1-DICHLOROETHENE <0.50 UG/L 
trans-1,Z-DICHLOROETHENE <0.50 UG/L 
1,Z-DICHLOROPROPANE <0.50 UG/L 
cis-1,l-DICHLOROPROPENE <0.50 UG/L 
trans-1,3-DICHLOROPROPENE <0.50 UG/L 
METHYLENE CHLORIDE <0.50 UG/L 
1,1,2,Z-TETRACHLOROETHANE <0.50 UG/L 
TETRACHLOROETHENE <0.50 UG/L 

P.O. Box 468. 8 East Tower Circle· Ormond Beach, Florida 32175-0468 
(904) 672-SfinB • Fax (904) 673-4001 

RM 
RM 
RM 
RM 

RM 
1M 

1M 

1M 

1M 

1M 

1M 

RM 
RM 
1M 

RM 
1M 

1M 

1M 

1M 

RM 
1M 

RM 
1M 

RM 
1M 

1M 

RM 
RM 

Page 2 

Date Date 
Analyzed Prepared 

10/04/95 
10/04/95 
10/04/95 
10/04/95 

10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
10/04/95 
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OMEGA ENVIRONMENTAL SERVICES 
4661 HAMMERMILL ROAD, sunE B 
TUCKER,GA 30084 
Attn: M. DOUG DRIVER 

Submission Number: 9509000339 
Date Received: 09/29/95 

Date Reported: 10/10/95 

Lab S~le Number: 9339 23 
Client S~le Number: A902B 
Sample Description: GROUND ~TER 

Method Analyte 

ANALYTICAL REPORT 

Client's P.o. Number: 
Project Number: 95012 
Project Name: KEY WEST NAS 

Date Sampled: 09/28/95 
sample Matrix: GROUND UATER 

Result Q 

§aG Aim ~G HALOGENATED VOLATrLgS 
601 "1, 1-TRICHLOROETKANE <0.50 
601 1,1,2-TRICHLOROETKANE <0.50 
601 TRICHLOROETHENE <0.50 
601 TRICHLOROFLUOROMETKANE <0.50 
601 VINYL CHLORIDE cO.50 

Data Qualifier Code Key: 
D - Sample Uas Diluted And Result Corrected With Dilution Factor. 

Unit 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

CERTIFICATION: All analytical data reported above were obtained using the specified 
lllethods and were validated by our laboratory quality control system. This laboratory 
follows an approved qual i ty alsurance program. 

Respectfully submitted: 

Fr ncis Y. Huang, Ph.D. 7 Henry N. Ashby 
Lab Director / President . 

ENVIROLAB 

Date 
Analyst Analyzed 

1M 10/04/95 
1M 10/04/95 
1M 10/04/95 
1M 10/04/95 
1M 10/04/95 

-" 
P.O. Box 468 • 8 East Tower Circle. Ormond Beach. Florida 32175-0468 

Page oJ 

Date 
Prepare 



a;nui~olat-;;',': 1'-. u. Box4tUI '. 8 'hst Tower Circle Ormond aeach. Aorida 32115· 0468 904/672 • 5668 • FAX 904/613 • 4001 
FOR LAB USE ONLY ENVIROLAB 
Temp. 01 Contents: __ _ (INSTRUCTIONS ON BACK) 

1. Client: le"""on, • IndjwWuoll 

2 . Aepon to:UI .. ill ...... Item ""onl 

3. Client Project N~me: 

City 

Addre •• : 

City 

WATER SAMPLE 
CODES I FOR 
ITEM131: 

CONTAINER TYPES 
IFOR ITEM 161: 

V - VOA vial 
G - glas. 4 . 

DW - ddnklne wet.. P - pl.ltlo l-----------..::~;..a.:;....&....;....;;;:;.----_II OW - ground wate. l,,=o=-=o=t=h=lIr=-===-===U PW • proc ... waler Ir 
.-5_. _P_._O_. _N_o_·: ______________ 

n 
&W • ,urf.cII wat.r 
WW • wa.te we'er 
D • other 

6. Custody Seal No.: 
r------------------------------~I 1. Sampled 

10. SAMPLE DESCRIPTION 11. 
I 9. SAMPLE T I. D.INO.I t1 

CD 
@ 

Q) 

@ 

® 
® 

® 
@ 

® 

8 ..ttiJl'PlNO METHOD: • flY UPS 
o F~DEX o Hand (;81'r101:l1\ o Other 

Ste'e 

'No.1: 

Condition 01 Cu."L .... ' .... J:.i!I:1L 
Condition 01 Seals:-'!lL 

Fax: 

Phone:' 

Zip Code Fax: ' 
15. Container Typo: 

14. 16. 

t! 
u 
C 
.~ 
o 

U -o 

19. REMARK 

LAB USE ONLY 

--~----~~*_~------~~~~r_----_T--~--~~~r_~~----ttr~~~~-------~ 
SAMPLING FEE: 

fOR lAII USE ONLY 
Profile No.: 

5s-1 
Quo~e No.: 

17 . . Report Type 

lVAoutine 
o With OC 
o Special Forms I 

I 

HRS. 
SAMPLE RECEIVING NOTf: 

"1C~TPlnIITln~l . ,01, ~. - .. . 1., . n. 
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Certificate of Disposal 

Omega Environmental Services Inc. certifies that the following listed items have been 
disposed of in the descnbed manner and all supporting data is accurate and complete. 

The listed items were disposed of as specified in API 1604 in accordance with Section 17-
761.800 F .AC. 

Item Description 

TankA902B 
1000 Gallon Steel Tank Building 902. 

Key West, NAS, Florida 

Disposal Method 

Tank was Cleaned and disassembled for Disposal at 
Atlas Iron Processors Inc. 

Miami, Florida 

Disposal Date 

September, 29 1995 

Contract Information 

Remove Underground Storage Tanks 
Key West, NAS, Florida 

Contract No. N62467-93-C-0645 
Department of The Navy 

We Certify that the above infolll'Ultion is accurate and complete. 

Omega Environmental Services Representatives 

- Keith Jackson 

'~*/dL ~4\:,u: J..-<-

President ' 

]~hn~, ~ 

~JL-Irc~~ 
Project Supervisor 



1 

Omega Enviroamental Services 
Manifest Shipping Log 

TBDkA902B 
Date Shipper I Tank # Manifest # Quanity 

26-Sep-95I EMC IA9028 30116 2151 
I 

, 
! 

I 

Units 
Gallons 

Totals ""-_.2.1.5... Gallons 

." 

I 
I 

-- , . 



! 
I 

I 

.•• __ II vurparBIiOn ' .... 
P.O. Box 520882 - Miami. FL 33152 (800) 344-8688 

UNIFORM WASTE TRANSPORTERS MANIFEST NO HAZARDOUS MIXTURES ACCEPTED - READ BOTTOM OF MANIFEST 

3 T'lnsponer 1 Company N.m. #- , " s:- •. US EPA 10 Numbet C. S'"e T'lnsoone", 10 50230 UO II ( 
EMC Oil Corporation t--------------I 8470 N.W. 68th Street. Miami. FL 33166 FLR000000166 O. T'ln$OO"ers PhOne (305) 4n-7497 . 'I"' -+~----------~----~~~-------------------------------------------------------------~~~~~~~~-----------~ 

5. 0"'9nlled Flcility Nlm. end SIt. Address e. 

7. US OOT OncnDtlOn (IncludinfJ Prope, Sh'ppulfJ N.",e. H.,.,tI CI .... aMI 10 Numoerl HW 

a. 

E. o.II~1O 

F. FIClllty s Phone 

(305) 477·7497 
8. ContaIners •• Totll No. Type Quanllty 

SW·01124 . . ,"W·OO227 :. 
LW·OO233 

10 G. Un .. 
Wt.VOl CHARGES 

~.~" ~~_0_j_I_N_O_S_-_C_Q_m_b_u_st_ib_'_e_L_iq_u_id_N_A_'2_7_0 ______ -+-__ +---i~e=--9...;;;;3~+_-~..:z::::::;.z;;~::Ii!= .... , .--~ ..... . . b. 

I ~ . Used Oil Filters 
~ ~~------~~-----------------------~----t_~--------+_--+_--~~--~ 
~ .. Co wei Pei/{o )#s/):"""oe: ~V +.#ul{ ~.: I-+_+_o-iJy~w-a-te_:r-/-S-lu....;dg~e-~ ___ --------/__t--t___t_-z:.-/..;;:S'::;..--+_-+-II-~9._IJ_.;l--=O:;.;.~~:., , , 

I 
d. (!!opr,eA~1'r?D By O~~5A 

Other: Specify eV/ /Zt::J,u1' A..J r;q L. 
H. AddlllOnli OescnDtions lor M.t.,.. ... Listed Above IMPORTANT ~ Clue uaan ~ 01.- A __ c:n.ro- 01 I'"'' II ... oer annuml .. tie ctwoeCIlW' _lOdIyI PlllCIue~ In ... ...... • II1II bIC:ame NCeIUIY 10 CIIIIICI the ...... aoawe .... or." '*' aweoI.'" ~,-ID!Iet """~COII"" 

I. Total Ou • . 
·· .. ~· · .)I . .,., . 

PIe .. pay on IhiS IIWOice within '5 days . Thank you III GENERATOR"!; CERTIFICATION: I _eDy Oect ••• IIIa ..... __ a 01 1M C_'9"- ar. ",I .. _ "eut ...... OeIC"_._ 0 .. .,,_ "'-9 ... __ ar. CI--' 

__ ..s .......... _ I ........ _ .... n ... , .. _a .. .,,_ co __ lOt .,_CIDIt II, """w." IICCOIO"'9 10 .tOIIItC1l1IIe "" .... a,..". .. alld ".-0-"- '''9'''.1-

U /." , ___ ,A @nl'~~V~~~L~ Month Diy V •• r 

b9'~19~-
_ . /1 

12. r'inSDOner I Acknowledgment 01 Rectllpl 01 Mllerills 
I 

~ur.1 . y /"/ .L Month Diy V •• r Ire -;:;c..;, C/ II', tL-7 ~ 91 ~ 1 ~ !i -. FIClllly Own~' ODerltor Cet11'iation 01 'ece'Dt 01 WlSle mller,,1 cowered by this mlnilesO' / 

P"nled Typed Nlme 
Signature 

Monlh 0.., V.I' 

I I I Broward County ,'s 5320 5330 5340 5350 5360 5370 lejirGeneralor The follOWIng chemicals contain hazardous substances which when mixed with used oil reduces the recycling potential and can 
al.l ! harm lui ellects to tne envIronment. 

. 00 NOT MI. WtTH useD Olt. Anul, •• , •• F,eon • SOlvents • Thinne, • O.oreas." • Oete,o.nts • CI •• net •• Radlltor Fluid· I.e.ded G.soline • Cutting Oil CAN MIX WITH USED OIL Motu' Ods · Diesel Fuel. Grease. Brake Fluids· Hydraulic Fluids· Transmission Fluids Thest' IoSIS :uc based. on currenl informallon and may be expanded as more data becomes available. THANK YOU. 

... liTE· Generator GREEN • Generator YELLOW • Tran.porter PINK • Tran.oorter GOLDE~ROC • T,an'l'''' SI6 '~i :'}n 
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HAS KEY WEST UNDERGROUND EXCAVATION PERMIT 

NASK~INST L1010~J 
4 FEBRUARY 1991 

PART L (Complece by requestor) ... 

:o~: Barce oF:z?ce= 
~~: Public Works Officer, NAS. KeyWesc 

Date: .kLy I()) Y'S= 
Ap~licant's Requesc No. ___ ,,~ ____ _ . . 

: is requesced chac a permit; be issued for perfo.rmi:ng the \Jork required by: 
. &utrlA,r d t:!-4~¥5 1{t;4Mtle IIJ11?6( 4=",tJ Alo . ~rk= ~~ L/Ju. 

(Reference concract, dra'Jing, specifications, serVl.ce call.· ecc. (l.nclude· _. 
prime contractor or AlE identification.) 

J. 2. £X'/'A VA 77c::M4 
(Type: drill, dredge, trench, etc.) "(Charge to job order·,. etc.) 

4. Physical limics: ,:2/GL. ~71RAt eLL ~72atI 
#Ald4<.t;'tJ. . .... ~ -- . 

... 

5. Remarks: ~k &eS"eNZ"LY .IAI-liSe -
(~cludes results of any investigation not performed by PWD.) 

PART II (Completed by [,WD) (Scrike out non-applicable portions.) 
: 

FTom: R W. eft, (I'(€1Ife1 K.f· To: J3z; c. '- Da te: 1!trftr 
. 

: Le ~ork delineated above may be undertaken pursuant co the- fol~o"'ing stipulations: 

? No concraccual or other obligations are changed by chis permit. Responsibili'ty. 
j Ir damages are not changed by this permit. 

FWD has examined the 'Jork by: 
Visual inspection in the field 
Examination of existing plans 
Invescigacion 'J1th magnetic 
pipe locator, etc. 

Field survey __ _ 
Other 

V-known subsurface conditions may exist 'Jhich connot be located by any of these 
s andard procedures. 

. . 
c Southern Bell Telephone Company must be conc:acced by requestor prior to digging. 

d. The PWD survey indicates ca1"at your planned procedure 'Jill probably no C: '>Q.nf lie t 
\J~.th existing facilities. You are, therefore, granted permission co perform the 
... rk • 

... 
PERl-IlT NQ. 
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LIMITS OF' EXCAvAnON r ronlNG ISLANOS 

EXIST. TANK A902B. ~~~~~~§f:~
 

TO BE REAlOVE:D 

ABOVE: GROUND 7 1/r PIPE. 

REMOVE TO CURB AND CAP 

• • • 
• 

4 · • 

., 

• • ., 4 • 
·4 - -

• •• 

4 -

.'. 

• - • 
4 

-. .. 

TOP CURB 

a4.~ \LJ~~e¥~~~~-
+ __ i1~----~-1C-~-

., . 
" • -

PROVIDE SHORING TO PROTECT 

ADJACENT STRUCTURES / UT/LlnES 

NOTES: • 

.1. DURING TANK REAlOVAL OPERATIONS THE -" 

DRAINAGE· SHALL' BE DJVE:RTE'D AROUND THE > 

AND · ANY STOCKPILE AREAS. 

2." 'ACCESS TO THE TANK A9028 SITF IS THRC 

A SECURED GATE' WITH LIMITED ACCESS. we '; 

AREA SHALL BE COORDINATED WITH THE CC : 

omC£R AND WILL ONLY 8£ ALLOWED B£:TV,· ... -~ 

AND J:JO PAl ON W£E'K0.4YS. EXCLUDING HOL 

., . 

• 
4 

TANK A902B AREA PLAN 

SCALE: ,.' - 10'-0'" 

PROVIDE SHORING ALONG sloa 

ADJACENT s~ 
. OF' EXCAVATION TO PROTE'CT 7 

Ior----+----, 

FILL PIPa. 
TO 8E REMOVEO 

--- UMITS OF' E 

CONC. EOUIPAIENT PAD 

CONCR£'{! PAD / OEADMAN. 

TO 8£ R£MOVE:O 

SECTION 

SCJ.~E: 1- -J'-O' 

C-5 

. ,..,0 •• 
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No Photographs Available 

Air Force Restricted Area 
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~ STATE OF FLORIDA 
~ DEPARTMENT OF HEALTH AND REHABIUTATIVE SERVICES 

"COMMllIED TO EXCELLENCE.:: . . Working in partnership with local commumties to help people be self-sutficlent, experience 
good health and live in stable families and communities. 

Jim Simmen 
Naval Air Station 
Public Works Code 1883 
P. O. Box 9007 
Key West, FL 33040-9001 

Dear Mr. Simmen: 

July 3, 1996 

Re: Monroe County - TK 
CCU96-101 
Facility ID# 449400050 
Truck Fill Stand 

.... ~. 

This office received a report dated October 25, 1996, regarding the petrolewn storage tank closure at the referenced facility. It was reviewed to detennine compliance with the State Storage Tank Rules (Chapter 62-761 FAC for underground tanks and 62-762 FAC for aboveground tanks) and guidelines. The report does Dot meet the requirements of the Department of Environmental Protection for a Closure Assessment Report. The review revealed: 

1. a DRF was not filed with this office. 
2. contaminated soils were returned to the pit. 
3. free product was not recovered. 

To bring this report into compliance: 

I. send a DRF for this discovery. 
2. remove and properly dispose of contaminated soils. 
3. remove free product exposed in the pit. 

Correct the items listed above within 30 days ofreceip~ of this letter. Send documents or copies to my attention at the letterhead address of the Key West office. Another review will be conducted to verify that these items have been completed . . 

-Call John Carter at 305/292-6894 ifvou have anv questions or write to the Key West office. 

MONROE COUNTY PUBLIC HEALTH UNIT 
.- P.O Box 6193 • Key West. FL 33041-6193 • (305) 292-6894 Fax # 292-6872 7999 Overseas Highway • Marathon. FL 33050 • (305) 289-2450 Fax # (305) 289-2479 P.O. Box 157 • Tavernier, FL 33070 • (305) 853·3240 Fax;t (305) R53-324-~ 



-

Respectfully, 

14&lJ 
John Carter 
Environmental Specialist 

cc: 
C. H. Moss, PE 
Omega Environmental Services, Inc. 
4661 Hammennill Road, Suite B 
Tucker, GA 30084 

Page 2 
7/3/96 
ID# 9400050 

, . 



DEPARTMENT OF THE NAVY 
NAVAL AIR STATION 

~O .80X ;001 

KEY WEST FL 33040.;001 

John Carter 
State of Florida 
Department of Health and 

Rehabilitative Services 
PO Box 6193 
Key West, FL 33041-6193 

Dear Mr. Carter: 

5090 
Ser 1883JS/1378 
3 Oct 96 

On 3 July, 1996, you reviewed a' closure report for the 
underground storage tank A-902B, submitted to you in September, 
1995. Several discrepancies were found that needed correcting. 
The inspection revealed: 

1. A DRF was not filed with this office. 
2. Contaminated soils were returned to the pit. 
3. Free product was not recovered. 

corrections made since the 3 July 1996 letter: 

1. A DRF was filed with your office on 30 July 1996. 
2. On 28 August, 1996, three dump truck loads of 

contaminated soil was removed from the tank location 
(approximately 24 cubic yards). The dirt was removed from 
a twelve foot diameter. The dirt was contaminated all the 
way down to the water table. 

3. No free product was visible on the 'water table. 

Should you have any que~tions or require further information on 
any of these items, please contact our Tank Program Manager, Mr. 
Jim Simmen, at 293-2881. 

Copy to: 
FDEP, Marathon (Lisa Gordon) 

R. A. DEMES 
Engineering Director 
Public Works Department 
By direction of 
the Commanding Officer 



--'T~-.-.' - ... n ..... u uepartment of Environmental Regulation ~~ 1Wln """' .. om"" DId._ • 2600 Blair Soun< ................... FI.d'" '23''''.'''' "~-~'?.,, 

,-, .. f?!ea:wp~1"cItno 
c..... 00.. Dtcemr.er'o. 'iIO 
OQ~Ho._. 

Ho.J'~"'-""-OOI!-. -. -.. Discharge Reporting Form 
Use Ihis form 10 notify the Department of Environmental Regulation of: 1. Results of tank tightness tesling that exceed allowable toleran~a within ten days of receipt of test result. 2. Petroleum discharges exceeding 25 gallons on pervious surfaces as described In Section 17·761.460 F.A.C. within one v.orl<ing day d dlscO'lSI 
3. Hazardous substance (CERCLA regulatod), diacharges eKCeeding applicable reportablEl quantities established In 17·761.480(2) F.A.C., within 

one working day of Ihe discovery. 
. 4. Within one working day of discovery of suspected releases confirmed by: (8) released regutated substances or pollutants discovered itl . 

the surrounding area, (b) unusual and unexplained storage system operating conditions, (c) monitoring results from a leak detectlon method 

or from a tank closure assessment that Indicate a release may have occurred. or Cd) manual tank gauging results ror tanks ot 550 galion! 

or less. exceeding ten gallons per weekly test or five gallons averaged over four consecutive weekly tests. Mail to the DER District OffIce In your area listed on the r~rse side of this form 
PLEASE PAINT OR lYPE 

Complete aU applicable blanks 1. DER Facilily 10 Number: £'19£ ()OOSO .2. Tank Num~r: fJ 9.~r;;... --- 3. Date: .;r v'/~ .ft) /' if (." r 7- "'-

-4. Facility Name: _ !1JA VA l, 19 It<. S"-I};/~C!,,) /(IE"fl to ~~ r Facility Owner or Operator: __ CO'?z(?7oad/ny. Oer-tc.~·~~~ ________________ _ 
Facilily Address: _.. • &,41/ AL A I~ _ sm 17 CJ~ • ( Code / B l1 ::s. .. ,,-_:..:.J(.:....:~-;u'----=la;.=..:,;(&' ...... S!..Lr--.-...!.!=---!:L:.:· __ 3~.Q vC I 

/ 
; 

TelephOne Number: (3 oS- ) ..223 -2 <dB! County: 
. . ----~---

Mailing Address: COaUnal1dlr,$l OEP;CER #1I11,qL. "'B ~rRT/o~J~ (CaJ@ I IJ eJ ). 
5. Dale ot receipt of tesl results or disc:ry: _.. 'Ob" /9.l": I(e'l u,),g~'~ FL - .a 90 yo - So :a'~""'thI-(j-a-y,-ty-ea-r , I I 6. Metho(j of initial discovery. (circle one only) A. Liquid detector (automatic or manual) B. Vapor detector (aulomatic or manual) 

0. Emptying and Inspection. 
E. Inventory conuol. 

F. Vapor or visible Blgns ot a discharge in the vicinity. @Closure: - (explain) 
C. Tightness test (underground tanks only). H. Other: __________ _ 7. Estimated number of gallons discharged: (/t'K/J~f.!tLJ~/' ____________ _ 8. What pan of storage system has leaked? (circle all that apply) A. Dispenser a Pipe C. Fatting O. Tank £On known 

9. Type or regulated substance discharged. (circle one) A. leaded gasoline D. vehIcular diesel l. used/waste oil B. unleaded gasoline @aviation gas M. diesel C. gasohol G. jet ruel O. newllube oil 
O. Cause 01 leak. (circle all that apply) @ Unknown C. Loose connection B. Split 0. Corrosion 

e. Puncture 
F. Installation failure 

V. hazardous substance includes pesticides. ammonia, . chlorino and derivatives (write in name or Chemical Abstract Service CAS number) __________ _ Z. other (write In name) _________ _ 

G. Splll __ -
H. Overfill 

I. Other (apeclty) .(/.;#:7 r"'min>~ ·fAe -rllhll. 1.L'~.s .1'(10,,) . Type of financial responsibility. (circle one) A. Third party insurance providod by the stale Inaurence contractor @ot applicable 
B. Self·lnsurance pursuanllo Chapter 17·769.500 F.A.C. D. None To the belt of my know~edge and belief ell Information submitted on(i,'a form 18 true! ... o~~l'1Ite, and comPlete .. • K"r.-.r t1J Simme!J.. 1i.M Pt.'d(.fH/l1 "'*'. 'v0'/!, p.v= _. __ .,[t!!v,~ /99'-

Pnnted Name of Owner. Operator or Authorized Representative .7nature owner.operator or Authorczod AOp(e ~~Iallv: 1I_00&U0CI ,eoo __ C_ 
I.~ ("'_ 'UOI.6111 

_.n~lloo 

_ ..... 0i0I0G 
1m &_....,. S-. toO ".. ____ . f.,. .. )ZIO' 

_.,. •. 4100 

c:-. .. 0. ... ... ll .. u __ . ...... ", 
0.- , ....... 11101 "" _ .... J"~ 

,-"' ... ... .no 0.",4 .... . , ..... ,. .... ~ •• O'.7J" "".,H6" 
--:2.0 ..... . , ... u_. , ....... UII01.,_ 
,ll·)J'·t8I, 

~ ... Gawl 
.QOO&. ('....q. ..... !'4"''' v.. It."" ".,:oft. F"" ... ,~ "',..J .... HA · .. --
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BROWN & ROOT ENVIRONMENTAL 
STANDARD OPERATING PROCEDURES 

AND STANDARD FIELD FORMS 



I i Number 

GH-1.S 
I Page 

1 of 21 

I~ STANDARD 
OPERATING 

PROCEDURES 

Effective Date 

03/01/96 
Applicability 

Revision 

o 

B&R Environmental, NE 
Prepared 

Earth Sciences Department 

I BROWN & ROOT ENVIRONMENTAL 

r 
)ubject 

11/P 

BOREHOLE AND SAMPLE LOGGING 
Approved ~"-

D. Senovich 
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The purpose of this document is to establish standard procedures and technical guidance on borehole and sample logging. 

2.0 SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging. These techniques shall be used for each boring logged to provide consistent descriptions of subsurface lithology. While experience is the only method to develop confidence and accuracy in the deSCription of soil and rock, the field geologist/engineer can do a good Job of classification by careful. thoughtful observation and by being consistent throughout the classification procedure. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBIUTIES 

Site Geologist. Responsible for supervising all boring activities and assuring that each borehole is completely logged. If more than one rig is being used on site, the Site Geologist must make sure that each field geologist is property trained in logging procedures. A brief review or training session may be necessary prior to the start up of the field program and/or upon completion of the first boring. 

5.0 PROCEDURES 

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. To maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and accurately use the field classification system described in this SOP. This identification is based on visual examination and manual tests. 

5.1 Materials Needed 

When logging soil and rock samples. the geologist or engineer may be equipped with the following: 

• Rock hammer 
• Knife 
• Camera , 

• DB ute hydrochloric acid (HC) 
• Ruler (marked In tenths and hundredths of feet) • Hand Lens -

5.2 Classification of Soils 

All data shall be written directfy on the boring log (Figure 1) or in a field notebook if more space is needed. DetaUs on filling out the boring log are discussed in Section 5.5. 

5.2.1 USCS Classification 

SoUs are to be classified according to the Unified Soil Classification System (USCS). This method of classification is detailed In Figure 1 (Continued). 
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This method of classification identifies soil types on the basis of grain size and cohesiveness. 

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: sUt (M) and clay (C). 
Some classification systems define size ranges for these soil particles, but for field classification 
purposes, they are identified by their respective behaviors. Organic material (0) Is a common 
component of soil but has no size range; it Is recognized by its composition. The careful study of the 
USCS will aid in developing the competence and consistency necessary for the classification of soils. 

Coarse-grained soils shall be dMded Into rock fragments, sand, or gravel~ The terms sand and gravel 
not only refer to the size of the soil particles but also to their depositional history. To insure accuracy 
in description, the term rock fragments shall be used to indicate angular granular materials resulting from 
the breakup of rock. The sharp edges typically observed indicate little or no transport from their source· . . 
area, and therefore the term provides additional information in reconstructing the depositional 
environment of the soils encountered. When the term "rock fragments" Is used It shall be followed by 
a size designation such as "(1/4 InchQ)-1/2 InchQ))· or ·coarse-sand size· either Immediately after the 
entry or in the remarks column. The USCS classification would not be affected by this variation in terms. .: . 

5.2.2 Color 

Soil colors shall be described utUlzlng a single color descriptor preceded, when necessary, by a modifier 
to denote variations in shade or color mixtures. A soil could therefore be referred to as "gray" or "light 
gray" or "blue-gray.· Since color can be utilized In correlating units between sampling locations, It Is 
important for color descriptions to be consistent from one boring to another. 

Colors must be described whOe the sample is stili moist. Soil samples shall be broken or spilt vertically 
to describe colors. Samplers tend to smear the sample surface creating color variations between the 
sample interior and exterior. 

The term "mottled· shall be used to indicate soils irregularly marked with spots of different colors. 
Mottling in soUs usually indicates poor aeration and lack of good drainage. 

SoU Color Charts shall not be used unless specified by the project manager. 

5.2.3 Relative Density and Consistency 

To classify the relative density and/or consistency of a soil. the geologist Is to first Identify the soil type. 
Granular solis contain predominantly sands and gravels. They are noncohesive (particles do not adhere 
well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together 
when compressed). 

The pensity of noncohesive, granular soils is classified according to standard penetration resistances 
obtained from split-barrel sampling performed according to the methods detailed In Standard Operating 
Procedures GH-1.3 and SA-1.3. Those designations are: 
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Designation 

Very loose 

Loose 

Medium dense 

Dense 

Very dense 

Standard Penetration 
Resistance 

(Blows per Foot) 

Ot04 

5 to 10 

11 to 30 

31 to 50 

Over SO 

Standard penetration resistance is the number of blows required to drive a spilt-barrel sampler with a 2-
inch outside diameter 12 Inches into the material Using a 140-pound hammer falling freeJy through 
30 Inches. The sampler Is driven through an 18-lnch sample interval, and the number of blows Is 
recorded for each 6-inch increment. The density designation of granular soBs Is obtained by adding the 
number of blows required to penetrate the last 12 Inches of each sample interval. It Is important to note 
that if graveJ or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the 
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shall 
be noted on the log and referenced to the sample number. Granular soUs are given the uses 
classifications GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1). 

-/ . The consistency of cohesive soils is determined by performing field tests and Identifying the consistency 
as shown in Figure 2. 

D19611/P 

Cohesive soils are given the USCS ciassifications ML. MH, CL. CH, OL. or OH (see Figure 1). 

The consistency of cohesive soDs is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted 
on a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler. 
The sample shall be broken in half and the thumb or penetrometer pushed Into the end of the sample 
to determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment 
If the sample is decomposed rock, it Is classified as a soft decomposed rock rather than a hard soil. 
Consistency shall not be determined solely by blow counts. One of the other methods shall be used in 
conjunction with it. The designations used to describe the consistency of cohesive soils are shown in 
Figure 2. 

? rcwn & Rcet Environmental 
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FIGURE 2 

CONSISTENCY FOR COHESIVE SOILS 

Standard Unconfined 
Compressive 

Consistency Penetration 
Strength Field Identffication Resistance 

(Blows per Foot) (Tons/Sq. Foot by 
pocket penetration) 

Very soft Ot02 Less than 0.25 Easily penetrated several Inches by fist 
Soft EasBy penetrated several Inches by 

.. .. 2t04 0.25 to 0.50 thumb 
Medium stiff 

4to 8 0.50 to 1.0 Can be penetrated several Inches by 
thumb with moderate effort 

Stiff 
8 to 15 1.0 to 2.0 

ReadDy Indented by thumb but 
penetrated only with great effort 

Very stiff 15 to 30 2.0 to 4.0 ReadDy Indented by thumbnaU 
Hard Over 30 More than 4.0 Indented with difficulty by thumbnail 

J 

. 

-

-

. . 

\ .. 
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5.2.4 Weight Percentages 

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various 
grain types. The following terms are useful In the description of soil: 

Terms of Identifying Proportion of the Component 

Trace 

Some 

Adjective form of the soil type (e.g., -sandy") 

Defining Range of 
Percentages by Weight 

o - 10 percent 

11 - 30 percent 

31 - 50 percent 

Examples: 

• 
• 

• 

• 
5.2.5 

snty fine sand: 50 to 69 percent fine sand, .31 to 50 percent sUt. 

Medium to coarse sand, some sOt: 70 to 80 percent medium to coarse sand, 11 to 
30 percent sOt. 

Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent 
clay. 

Oayey silt, some coarse sand: 70 to 69 percent clayey sUt, 11 to 30 percent coarse sand. 

MOisture 

Moisture content Is estimated In the field according to four categories: dry, moist, wet, and saturated. 
In dry soil, there appears to be little or no water. Saturated samples obviously have all the water they 
can hold. Moist and wet classifications are somewhat subjective and often are determined by the 
individuaJ's judgment. A suggested parameter for this would be caJllng a soil wet if rOiling it In the hand 
or on a porous surface liberates water, i.e., dirties or muddies the surface. Whatever method is adopted 
for describing moisture, it Is important that the method used by an individuaJ remains consistent 
throughout an entire drilling job. . 

Laboratory tests for water content shaJl be performed if 'the natural water content Is important. 

5.2.6 Stratification 

~tratificatlon can only be determined after the sample barrel Is opened. The stratification or bedding 
thickness for soil and rock is depending on grain size and composition. The classification to be used 
for stratification deSCription is shown in Figure 3. 

5.2.7 Texture/Fabric/Bedding 

The texture/fabric/bedding of the soil shaJl be described. Texture is described as the relative angularity 
of the particles: rounded, subrounded. subangular, and angular. Fabric shaJl be noted as to' whether 
the particles are flat or bulky and whether there is a particular relation between particles (I.e., all the flat 
particles are parallel or there is some cementation). The bedding or structure shall also be noted (e.g., 
stratified, lensed, nonstratified, heterogeneous varved). 
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BEDDING THICKNESS CLASSIFICATION 

thickness thickness 

(metric) 
(Approximate English Classification 

Equivalent) 

> 1.0 meter > 3.3' Massive 

30 cm - 1 meter 1.0' - 3.3' thick Bedded 

10 cm - 30 cm 4- - 1.0' Medium Bedded 

3 cm - 10 cm 1- - 4- thin Bedded 

lcm-3cm 2/5- - 1- Very Thin Bedded 

3mm-1cm l/S- - 2/5- Laminated 

1 mm-3mm 1/32- - l/S- thinly Laminated 

< 1 mm <1/32- Micro Laminated 

(Weir, 1973 and Ingram. 1954) 

019611/P 
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5.2.8 Summary. of Soil Classification 

In summary, soils shaJi be classified In a similar manner by each geologist/engineer at a project site. The hierarchy of classification is as follows: 

• Density and/or consistency • Color 
• Plasticity (Optional) • SoU types 
• Moisture content • Stratfflcatlon 
• Texture. fabric, bedding • Other distinguishing features 

5.3 Classification of Rocks 

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks are by far the predominant type exposed at the earth's surface. The following basic names are applied to the types of rocks found In sedimentary sequences: . 
• Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm In diameter. 

• 

• 

• 

SUtstone - Made up of granular materials less than 1/16 to 1/256 mm in diameter. Fractures irregularly. Medium thick to thick bedded. 

Claystone - Very fin9i)rained rock made up of clay and sUt-size materials. Fractures Irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of drilled cores. 

Shale - A fissile very fine-grained rock. Fractures aJong bedding planes. 
• Umestone - Rock made up predominantly of calcite (CaCO~. Effervesces strongly upon the application of dUute hydrochloric acid. 

• Coal - Rock consisting mainly of organic remains. 

• Others - Numerous other sedimentary rock typ'es are present In lesser amounts in the stratigraphic record. The local abundance of any of these rock types is dependent upon the depositional history of the area. Conglomerate, haJlte. gypsum, dolomite, anhydrite, lignite, etc. are some of the rock types found In lesser amounts. 
In classifying a sedimentary rock the following hierarchy shall be noted: 

• Rock type 
• Color 
• . Bedding thickness 
• Hardness 
• Fracturing 
• Weathering 
• Other characteristics 
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5.3.1 Rock Type 

As described above, there are numerous types of sedimentary rocks. In most cases, a rock Will be a combination of severat grain types, therefore, a modifier such as a sandy sUtstone, or a sUty sandstone can be used. The modifier indicates that a significant portion of the rock type is composed of the modifier. Other modifiers can include carbonaceous, calcareous, sDlceous, etc. 
Grain size is the basis for the classification of clastic sedimentary rocks. Figure 4 Is the Udden· Wentworth classification that will be assigned to sedimentary rocks. The indMduai boundaries are slightly different than the uses subdivision for soD classification. For field determination of grain sizes, a scate can be used for the coarse grained rocks. For example, the dMsion between sUtstone and. claystone may not be measurable in the field. The boundary shall be determined by use of a hand lens. If the grains cannot be seen with the naked eye b.ut are distinguishable with a hand lens, the rock is a­sUtstone. If the grains are not distinguishable with a hand lens, the rock is a claystone. 

5.3.2 Color 

The color of a rock can be determined In a similar manner as for soD samples. Rock core samples shall be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior to color classifications. 

Rock color charts shall not be used unless specified by the Project Manager. 
5.3.3 Bedding thickness 

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock classification. 

5.3.4 Hardness 

The hardness of a rock Is a function of the compaction, cementation, and mineralogicat composition of the rock. A relative scate for sedimentary rock hardness is as follows: 
• Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by fingernaU. Soft rock crushes or deforms under pressure of a pressed hammer. This term Is always used for the hardness of the saprolite (decomposed rock which occupies the zone between the lowest soil horizon and firm bedrOCk). , 
• Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly edges from Single hammer blow. 

• Medium hard - No core erosion, easUy scratched by screwdriver, or breaks with sharp edges from single hammer blow. 

• Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot be scratched with screwdriver. 

Note the difference In usage here of the works ·scratch- and ·gouge! A scratch shall be considered a slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch In the rock itself), while a gouge is much deeper. 

.. _-

J 
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, GRAIN SIZE CLASSIFICA nON FOR ROCKS 
, 

- - . 
Panicle Name Grain SJze Diameter 

Cobbles >64mm 

Pebbles 4-64mm -

- - Granules 2-4mm 

Very Coarse Sand 1-2mm 

Coarse Sand 0.5-1mm 
- -

Medium Sand 0.25 - 0.5 mm 

Fine Sand 0.125 - 0.25 mm 
I Very Fine Sand 0.0625 - 0.125 mm 

--' Snt 0.0039 - 0.0625 mm 

f AfterVVennNonh,1922 
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5.3.5 Fracturing 

The degree of fracturing or brokenness of a rock Is described by measuring the fractures or joint spacing. After eliminating drilling breaks. the average spacing Is calculated and the fracturing is described by the following terms: 

• 
• 
• 
• 

Very broken ~. BR.) - Less than 2-lnch spacing between fractures 
Broken (BR.) • 2·lnch to 1-foot spacing between fractures 
Blocky (BL) • 1- to 3-foot spacing between fractures . 
Massive (M.) ·3 to 10-foot spacing between fractures 

The structural integrity of the rock can be approximated by calculating the Rock Ouality Designation (ROD) of cores recovered. The ROD Is determined by adding the total lengths of all pieces exceeding 4 Inches and dividing by the total length of the coring run. to obtain a percentage. 

Method of Calculating ROD 
(After Deere. 1964) 

r = 

= 

ROD % = rjl x 100 

Total length of all pieces of the lithologic unit being measured. which are 
greater than 4 Inches length. and have resulted from natural breaks. Natural 
breaks include slickensides, joints. compaction slicks. bedding plane partings 
(not caused by drilling). friable zones. etc. 

Total length of the coring run. 

5.3.6 Weathering 

The degree of weathering is a significant parameter that is important In determining weathering profiles and is also useful In engineering designs. The following terms can be applied to distinguish the degree of weathering: 

5.3.7 

• Fresh - Rock shows Ilttte or no weathering effect. Fractures or joints have little or no staining and rock has a bright appearance. • 

• Slight • Rock has some staining which may p~netrate several centimeters into the rock. Clay filling of jOints may occur. Feldspar grains may show some alteration. 

• Moderate· Most of the rock. with exception of quartz grains. is stained. Rock Is weakened due to weathering and can be easily broken with hammer. 

• Severe· All rock including quartz grains is stained. Some of the rock Is weathered to the extent of becoming a soil. Rock Is very weak. 

Other Characteristics 

The following items shall be included In the rock description: 

• Description of contact between two rock units. These can be sharp or gradational. • Stratification (parallel. cross stratified). 

c .. _ .. . - ,. -
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• Description of any filled cavities or wgs. • Cementation (calcareous, siliceous, hematitic). • Description of any joints or open fractures. • Observation of the presence of fossBs. • Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating, and degree of weathering. 

All Information shoWn on the boring logs shalf be neat to the point where it can be reproduced on a copy machine for report presentation. The data shaH be kept current to provide control of the drilling program and to indicate various areas requiring special consideration and sampling. 
5.3.8 Additional Terms Used In the Description of Rock 
The following terms are' used to further Identify rocks: 

• 
• 

• 

• 

• 

Seam - Thin (12 Inches or less), probably continuous layer. 
Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For example, rock composed of seams of sandstone (70 percent) and shale (30 percent) would be -sandstone - .§Q!!!!! shale seams.· 

Few - Indicates Insignificant (0 to 15 percent) amounts of the accessory material. For example, rock composed of seam of sandstone (90 percent) and shale (10 percent) would be -sandstone -~ shale seams.· 

Interbedded - Used to indicate thin or very thin alternating seams of material occurring in approximately equal amounts. For example, rock composed of thin alternating seams of sandstone (50 percent) and shale (50 percent) would be -Interbedded sandstone and shale. II 
Intertayered - Used to indicate thick alternating seams of material occurring in approximately equal amounts. 

The preceding sections describe the classification of sedimentary rocks. The following are some basic names that are applied to igneous rocks: 

• 

• 

Basalt - A fine-gralned extrusive rock composed primarily of calcic plagioclase and pyroxene. 

Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The fine­grained equivalent of a granite. 

•. Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz. 
• Diorite - A coarse-grained plutonic rock consisting essentially of sadie plagioclase and hornblende. 

_. • Gabbro -A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene. Loosely used for any coarse-grained dark Igneous rock. 

.. --------------------------------------, ... .• -9611/P 
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The following are some basic names that are applied to metamorphic rocks: 

• 

• 

Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage. Contains predominantly chlorite. mica. quartz. and sericite. 
Phyllite - A fine-grained foliated rock that splits Into thin flaky sheets with a silky sheen on cleavage surface. 

• Schist - A medium to coarse-grained foliated rock 'with subparallel arrangement of the micaceous minerals' which dominate Its composition. 

• Gneiss - A coarse-grained foliated rock with bands rich In granular and platy minerals. 
• Quartzite - A fine- to coarse-grained nonfoliated rock breaking across grains. consisting essentially of quartz sand with sHica cement 

5.4 Abbreviations 

Abbreviations may be used in the description of a rock or soB. However, they shall be kept at a minimum. Following are some of the abbreviations that may be used: 

c - Coarse U - Ught VI - Yellow Med - Medium BR - Broken Or - Orange F · Fine BL - Blocky SS - Sandstone V · Very M · Massive Sh - Shale SI · Slight Br · Brown LS . Umestone Occ - Occasional BI · Black Fgr - Fine-grained Tr - Trace 

5.5 Boring Logs and Documentation 

this section describes in more detaU the procedures to be used In completing boring logs in the field. Information obtained from the preceding sections shall be used to complete the logs. A sample boring log has been provided as Figure 5. ' 
The field geologist/engineer shall use this example as a guide In completing each boring log. Each boring log shall be fully described by the geologist/engineer as the boring Is being drilled. Every sheet contains space for 25 feet of log. Information regarding classification detaOs Is provided either on the back of the boring log or on a separate sheet, for field use. 

~ 
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5.5.1 Soil Classification 

• Identify site name, boring number, job number, etc. Bevatlons and water level data to be entered when surveyed data is avaBable. 

• Enter sample number (from SPT) under appropriate column. Enter depth sample was taken from (1 block = 1 foot). FractionaJ footages, i.e., change of lithology at 13.7 feet, shaJl be lined off at the proportional location between the 13- and 14400t marks. Enter blow counts (Standard Penetration Resistance) diagonally (as shown). Standard penetration resistance Is covered In Section 5.2.3. 

• Determine sample recovery/sample length as shown. Measure the total length of sample recovered from the split-spoon sampler, including material In the drive shoe. Do not include cuttings or wash material that may be in the upper portion of the sample tube. 
• Indicate any change in lithology by drawing a line at the appropriate depth. For example, if clayey sUt was encountered from 0 to 5.5 feet and shaJe from 5.5 to 6.0 feet. a line shaJl be drawn at this increment. This Information Is helpful In the construction of cross-sections. As an alternative, symbols may be used to identify each change in lithology. 
• The density of granular solis Is obtained by adding the number of blows for the last two Increments. Refer to Density.of Granular SoUs Chart on back of log sheet For consistency of cohesive soDs refer aJso to the back of log sheet - Consistency of Cohesive SoUs. Enter this information under the appropriate column. Refer to Section 5.2.3. 
• Enter color of the material In the appropriate column. 
• Describe materlaJ using the USCS. Umit this column for sample description only. The predominate materlaJ Is described last If the primary soil Is sUt but has fines (clay) - use clayey sUt. Umit soB descriptors to the f~lIowing: 

Trace: 
Some: 
And/Or. 

o - 10 percent 
11 - 30 percent 
31 - 50 percent 

• Also indicate under MateriaJ Classification if the materiaJ Is fBI or natural solis. Indicate 

• 
roots, organic material, etc. . 

Enter uses symbol - use chart on back of boring log as a guide. If the soBs fall Into one of two basic groups, a borderilne symbol may be used with the two symbols separated by a slash. For example ML/Cl or SM/SP. 

• The following information shaJl be entered under the -Remarks· column and shaJl Include, but Is not limited by, the following: 

Moisture - estimate moisture content using the following terms - dry, moist, wet and saturated. These terms are determined by the IndividuaJ. Whatever . method Is used to determine moisture, be consistent throughout the log. 

I 

I 
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.. Angularity - describe angularity of coarse grained particles using the terms angular, subangular, subrounded, or rounded. Refer to ASTM 0 2488 or Earth 
Manual for criteria for these terms. 

- Part/cle shape .. flat, efongated, or flat and elongated. 

Maximum particle size or dimension. 

Water level observatlon~ 

.. Reaction with HCI - none, weak, or strong. 

• Additional comments: 

- Indicate presence of mica, caving of hole, when water was encountered, 
difficulty in drilling. loss or gain of water. 

Indicate odor and Photo ionization Detector (PIO) or Flame Ionization Detector 
(flO) reading if applicable. 

Indicate any change In lithology by drawing a line through the lithology 
change column and Indicate the depth. This will help when cross-sections are 
subsequently constructed. 

At the bottom of the page Indicate type of rig. drilling method, hammer size 
and drop. and any other useful Information (I.e., borehole size, casing set, 
changes in drilling method). 

Vertical lines shall be drawn (as shown In Figure 5) In columns 6 to 8 from the 
bottom of each sample to the top of the next sample to indicate consistency 
of materiaJ from sample to sample, if the material Is consistent. Horizontal 
lines shall be drawn if there is a change in lithology. then vertical lines drawn 
to that point. 

.. Indicate screened Interval of well. as needed, In the lithology column. Show 
top and bottom of screen. ' Other detaOs of well construction are provided on 
the well construction forms. 

5.5.2 Rock Classification 

• Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate core run depths by drawing coring run lines (as shown) under the first and fourth columns on the log sheet. Indicate RO~. core run number, ROO percent, and core recovery under the appropriate columns. 

• Indicate lithology change by drawing a line at the appropriate depth as explained In Section 5.5.1. 

• Rock hardness is entered under designated column using terms as described on the back of the log or as explained eartier in thIs section. 

---------------------------------,.--------
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Enter color as detennined while the core sample is wet; ff the sample is cored by air, the core shall be scraped clean prior to describing color. 

Enter rock type based on sedimentary. igneous or metamorphic. For sedimentary rocks use tenns as described in Section 5.3. Again. be consistent In classification. Use modifiers and additional tenns as needed. For igneous and metamorphic rock types use terms as described In Sections 5.3.8. 

• Enter brokenness of rock or degree of fracturing under the appropriate column using symbols VBR. BR. BL, or M as explained In Section 5.3.5 and as noted on the back of the BOring Log. 

• The following infonnation shall be entered under the remarks column. Items shall include but are not limited to the following: 

- Indicate depths of joints, fractures and breaks and afso approximate to 
horizontaf angle (such as high. low), i.e., 700 angle from horizontal. high angle. 

- Indicate cafcareous zones, desCription of any cavities or vugs. 

- Indicate any loss or gain of drill water. 

- Indicate drop of drill tools or change in color of drill water. 

• Remarks at the bottom of Boring Log shall Inetude: 

- Type and size of core obtained. 

• Depth casing was sel 

• Type of rig used. 

• As a final check the boring log shafl Include the following: 

- Vertlcaf lines shall be drawn as explained for so/l classification to indicate 
consistency of bedrock material. 

• If applicable. indicate screened Interval In the lithology column. Show top and 
bottom of screen. Other detaOs of well construction are provided on the well 
construction forms. 

5:5.3 Classification of Soil and Rock from Drill CuHlngs 

The previous sections describe procedures for classifying soli and rock samples when cores are obtained. However, some drilling methods (air/mud rotary) may require classification and borehole logging based on identifying drill cuttings removed from the borehole. Such cuttings provide only general information on subsurface lithology. Some procedures that shall be followed when logging cuttings are: 
' 

• Obtain cutting samples at approximately 5-foot Intervals, sieve the cuttings (If mud rotary drilling) to obtain a cleaner sample, place the sample Into a sma/I sample bottle or -Zip loc~ 

n •• 
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bag for future reference, and label the jar or bag (i.e. hole number, depth, date, etc.). Cuttings shall be closely examined to determine general lithology. 

• Note any change in color of drilling fluid or cuttings, to estimate changes in lithology. 

• Note drop or chattering of drilling tools or a change in the rate of drilling, to determine fracture locations or lithologic changes. 

• Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify potential fracture zones. 

• Record this and any other useful information onto the boring log as provided in Figure 1. 

This logging provides a general description of subsurface lithology and adequate information can be obtained through careful observation of the drilling process. It Is recommended that split-barrel and rock core sampling methods be used at selected boring locations during the field investigatIon to provide detailed information to supplement the less detailed data generated through borings drilled using air/mud rotary methods. 

5.6 Review 

Upon completion of the borings logs, copies shall be made and reviewed. Items to be reviewed include: 

6.0 

• • • 
Checking for consistency of all logs. 
Checking for conformance to the guideline. 
Checking to see that all information is entered in their respective columns and spaces. 

REFERENCES 

Unified Soil Classification System (USeS) . 

. I ASTM 02488, 1985. 

Earth Manual, U.S. Department of the Interior, 1914. 

7.0 RECORDS 

. 
I Originals of the boring logs shall be retained in the project files. 

019611/P 
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1.0 PURPOSE 

This procedure provides general guidance and Information pertaining to proper monitoring well design, installation, and development. 

2.0 SCOPE 

This procedure is applicable to the constructlon of permanent monitoring wells. The methods described herein may be modified by project-specific requirements for monitoring well constructlon. In addition, many regulatory agencies have specific regulations pertaining to monitoring well construction and permitting. These requirements must be determined during the project planning phases of the Investigation, and any required permits must be obtained before field work begins. Innovative monitoring well installation techniques, which typically are not used, will be discussed only generally In this procedure. 

3.0 GLOSSARY 

MonitOring Well - A well which is property screened (If screening is necessary, e.g., open borehole), cased, and sealed which is capable of providing a groundwater level and groundwater sample representative of the zone being monitored. 

Piezometer - A pipe or tube inserted Into the water bearing zone, typically open to water flow at the bottom and to the atmosphere at the top, and used to measure water level elevations. Piezometers may range in size from 1/2-lnch-diameter plastic tubes to well points or monitoring wells. 

Potentiometric Surface - The surface representative of the level to which water wDl rise In a well cased to the screened aquifer. 

Well Point (Drive Point) - A screened or perforated tube (TyplcaJly 1-1/4 or 2 Inches In diameter) with a solid, conicaJ, hardened point at one end. which is attached to a riser pipe and driven into the ground with a sledge hammer, drop weight, or mechanicaJ vibrator. Well points may be used for groundwater Injection and recovery, as piezometers (I.e., to measure water levels) or to provide groundwater samples for water quality data. 

4.0 RESPONSIBIUTIES 

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an experienced and efficient labor force capable of performing all phases of proper monitoring well InstaJlatlon and construction. The driller may also be responsible for obtaining, in advance, any required permits for monitoring well Installation and construction. 

Rig Geologist - The rig geologist supervises and documents wefllnstaJlatlon and construction performed by the driller, and Insures that well construction is adequate to provide representative groundwater data from the monitored interval. GeotechnicaJ engineers, field technicians, or other suitable trained personnel may also serve In this capacity. 

Brewn /I. p,,~. c_ . . ; _____ __ · 
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5.0 PROCEDURES 

5.1 Eguipment(ltems Needed 

Below is a list of items that may be needed when installing a monitoring well: 

5.2 

• Health and safety equipment as required by the Site Safety Officer. 

• Well drilling and Installation equipment with associated materials (typically supplied by the driller). 

• 

• 

Hydrogeologic equipment (weighted engineer's tape, water level Indicator, retractable engineers ruJe, electronic caJculator, cUpboard, mirror and flashlight - for observing downhole activitIes, paint and ink marker for marking monitoring wells, sample jars, well Installation forms, and a field notebook). 

Drive point installations tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, pipe wrenches, drive points, riser pipe, and end caps). 

Well Design 

The objectives for each monitoring well and its intended use must be clearly defined before the monitoring system is designed. Within the monitoring system, different monitoring wells may serve different purposes and, therefore, require different types of construct/on. During all phases of the well design, attention must be given to clearly documenting the basis for design decisions, the details of well construction, and the materials to be used. The objectives for Installing the monitoring we/Is may Include: 

• Determining groundwater flow directions and velocitJes. 
• Sampling or monitoring for trace contaminants. 
• Determining aquifer characteristics (e.g., hydraulic condUctivity). 

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow direction. In most cases, groundwater flow and potential well locations can be determined through the review of geologic data and the site terrain. In addition, data from production wells or other monitoring wells in the area may be used to determine the groundwater flow direction. If these methods cannot be . used. piezometers, which are relatively inexpensive to Install, may f;tave to be installed In a preliminary investigative phase to determine groundwater flow direction. 

5.2.1 Well Depth, Diameter, and Monitored Interval 

The well depth, diameter, and monitored Interva! must be taUored to the specifiC monitoring needs of each investigation. Specification of these items generally depends on the purpose of the monitoring system and the characteristics of the hydrogeologic system being monitored. Wells of different depth, diameter, and monitored Intervaf can be employed In the same groundwater monitoring system. For instance, varying the monitored Intervaf In several Wells, at the same location (cluster wells) can help to determine the vertlcaJ gradient and the levels at which contaminants are present. Conversely, a fully penetrating well Is usually not used to quantify or vertlcaJly locate a contaminant plume, since groundwater samples collected In wells that are screened over the full thickness of the water-bearing zone will be representative of average conditions across the entire monitored Interval. However, fully penetrating wells can be used to establish the existence of contamination in the water-bearing zone. The 
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well diameter desired depends upon the hydraulic characteristics of the water-bearing zone, sampling requirements, drilling method and cost. 

The decision concerning the monitored interval and well depth Is based on the following (and possibly other) information: 

• 
• 
• 

The vertical location of the contaminant source in relation to the water-bearing zone. 

The depth, thIckness and uniformity of the wa~er-bearing zone. 

The anticipated depth, thIckness, and characteristics (e.g., density relative to water) of the contaminant plume. 

• Ructuatlon in groundwater levels (due to pumping, tidal influences, or natural recharge/discharge events). 

• The presence and location of contaminants encountered during drilling. 

• Whether the purpose of the installation is for determining existence or non-existence of contamination or if a particular stratigraphic zone is being investigated. 

• The analysis of borehole geophysical logs. 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and the site conditions, monitored Intervals are 20 feet or less. Shorter screen lengths (1 to 2 feet) are usually required where flow lines are not horizontal, O.e., if the wells are to be used for accurate measurement of the potentiometric head at a specific point). 

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well depends on the application. In determining well diameter, the following needs must be considered: 

• • 
• 
• 

Adequate water volume for sampling. 
Drilling methodology. 
Type of sampling device to be used. 
Costs. 

Standard monitoring wen diameters are 2, 4, 6, or 8 Inches. However, drive points are typically 1-1/4 or 2 Inches in diameter. For monitoring programs which require screened monitoring wells, either a 2-lnch or 4-Inch-diameter well Is preferred. Typically, well diameters greater than 4 Inches are used in monitoring programs In which open-hole monitoring wells are required. In the smaller diameter wells, the volume of stagnant water in the well Is minimized, and well construction costs are reduced, however, the type of sampling devices that can be used are limited. In specifying well diameter, sampling . requirements must be considered (up to a total of 4 gallons of water may be required for a single sample to account for full organic and Inorganic analyses, and split samples). The volume of water in the monitoring well available for sampling is dependent on the well diameter as follows: 

: 
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Total Depth of Standing 
Water for 4 Gallons 

(Feet) 

25 

6 

3 

However. if a specific well recharges quickly after purging, then well diameter may not be an important factor regarding sample volume requirements. 

Pumping tests for determining aquifer characteristics may require larger diameter wells; however. in smail-dlameter wells in-situ permeability tests can be performed during drilling or after well Instaflatlon is completed. 

5.2.2 Riser Pipe and Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe. Welf screens require an additional specification of slot size. Thickness of pipe is referred to as -schedule- for polyvinyt chloride (PVC) caSing and Is usually ScheduJe 40 (thinner wall) or eo (thicker Wall). Steel pipe thickness Is often referred to as ·Strength- and Standard Strength is usually adequate for monitoring welf purposes. With larger diameter pipe, the waD thickness must be greater to maintain adequate strength. The required thickness is also dependent on the method of Installation; risers for drive points require greater strength than wells installed Inside drBled borings. 

The selection of well screen and riser materials depends on the method of drOllng, the type of subsurface materials the well penetrates, the type of contamination expected, and natural water quality and depth. Cost and the level of accuracy required are also important. The materials generallyavaUable are Teflon, stainless steel, PVC galvanized steel. and carbon steet. Each has advantages and limitations (see . - Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used materials are PVC and stainless steet for wells in which screens are installed. Properties of these two materials are compared In Attachment B. Stainless steel is preferred where trace metals or organic sampling is required; however, costs are high. Teflon ~terials are extremely expensive, but are relatively inert and provide the least opportunity for water contamination due to wetl materials. PVC has many advantages, incJudlng low cost, excellent avaUabUIty, light weight. and ease of manipulation; 

'oP 

. however. there are also some questions about organic chemical sorption and leaching that are currently being researched (see Barcelona et aI., 1983). Concem about the use of PVC can be minimized if PVC weils are used strictly for geohydrologlc measurements and not for chemical sampling. The crushing strength of PVC may limit the depth of Installation, but Schedule eo materials normally used for wells greater than 50 feet deep may overcome some of the problems associated with depth. However, the smaller inside diameter of Schedule eo pipe may be an Important factor when considering the size of bailers or pumps required for sampling or testing. Due to this problem, the minimum well pipe size recommended for Schedule eo wells is 4-Inch 1.0. 

Screens and risers may have to be decontaminated before use because oU-based preservatives and aU used during thread cutting and screen manufacturing may contaminate samples. Metal pipe, may corrode and release metal Ions or chemicaUy react with organic constituents, but this is considered by some to be less of a problem than the problem associated with PVC material. Galvanized ~eel is not 

-
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recommended where samples may be collected for metal anaJyses, as zinc and cadmium levels in groundwater samples may become elevated from leaching of the zinc coating. 
Threaded, flush-joint casing Is most often preferred for monitoring well applications. PVC, Teflon, and steel can all be obtained with threaded Joints at slightly more costs. Welded-joint steel casing is also acceptable. Glued PVC may release organic contaminants into the well, and therefore, should not be used ff the well Is to be sampled for organic constituents. 
When the water-bearing zone is in consolidated bedrock, such as limestone or fractured granite, a well screen is often not necessary (the well Is simply an open hole In bedrock). Unconsolidated materials, such as sands, cfay, and silts require a screen. A screen siot size of 0.010 or 0.020 Inch Is generally used when a screen Is necessary and the screened Interval Is artificially packed with a fine sand. The slot size controls the quantity of water entering the well and prevents entry of natural materials or sand pack. ' The screen shaJl pass no more than 10 percent of the pack material, or In-situ aquffer material. The rig geologist shall specify the combination of screen slot size and sand pack which will be compatible with the water-bearing zone, to maximize groundwater inflow and minimize head losses and movement of fines into the wells. . For example, as a standard procedure, a Morie No. 1 or No. 10 to No. 20 U.S. Standard Sieve size filter pack Is typically appropriate for a O.020-lnch siot screen; however, a No. 20 to No. 40 U.S. Standard Sieve size filter pack Is typically appropriate for a 0.010-lnch slot screen. 

5.2.3 Annular Materials 

Materials placed In the annular space between the borehole and riser pipe and screen include a sand pack when necessary, a bentonite seal, and cement-bentonite grout The sand pack Is usually a flne­to medlum-grained poorly graded, sBlca sand and should relate to the grain size of the aquifer sediments. The quantity of sand placed In the annular space is dependent upon the length of the screened Interval, but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite pellets or equivalent shall be placed above the sand pack. Cement-bentonlte grout (or equivalent) Is then placed to extent from the top of the bentonite pellets to the ground surface. 
On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be packed naturally (I.e., no artlflclal sand pack Installed), and the natural formation material Is allowed to collapse around the well screen after the well Is installed. 1l1Js method has been used where the formation material Itself Is a relatively uniform grain size, or when artificial sand packing Is not possible due to borehole collapse. . . 

Bentonite expands by absorbing water and provides a seal between the screened Interval and the overlying portion of the annular space and formation. Cement-bentonite grout Is placed on top of the bentonite pellets extending to the surface. The grout effectfvely seals the well and eliminates the possibility for surface infiltration reaching the screened Interval. Grouting also replaces material removed during drilling and prevents hole collapse and subsidence around the well. A tramie pipe should be used to introduce grout from the bottom of the hole upward. to prevent bridging, and to provide a better seal. However, In shallow boreholes that don't collapse, it may be more practical to pour the grout from the surface without a tremie pipe. 

Grout Is a general term which has several different connotations. For aU practical purposes within the monitoring well Installation Industry, grout refers to the solidified material which Is Installed and occupies the annular space above the bentonite pellet seal. Grout. most of the time, Is made up of two assemblages of material, (e.g., cement-bentonite). A cement-bentonite grout normally is a mixture of cement, bentonite, and water at a ratio of one 9O-pound bag of Pontand Type I cement, plus 

~~.: ' I' 
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3 to 5 pounds Of granular or flake-type bentonite, and 6 gallons of water. A neat cement consists of one ninety-pound bag of Portland Type I cement and 6 gallons of water. 

In certain cases, the borehole may be drilled to a depth greater than the anticipated well Installation depth. For these cases, the well shall be backfilled to the desired depth with bentonite pellets or equivalent. A short (1- to 2-foot) section of capped riser pipe sump Is sometimes installed Immedfately below the screen, as a sUt reservOir, when significant post-development sUtlng Is anticipated. This will ensure that the entire screen surface remains unobstructed. 

5.2.4 Protective Casing 

When the well Is completed and grouted to the surface, a protective steel casing Is often placed over the top of the well. this casing generaJly has a hinged cap and can be locked to prevent vandalism. A vent hole shall be provided In the cap to allow venting of gases and maintain atmospheric pressure as water . . levels rise or fall In the Well. The protective casing has a larger dfameter than the well and Is set Into the · wet cement grout over the well upon completion. In addition. one hole is drilled just above the cement collar through the protective casing which acts as a weep hole for the flow of water which may enter the · annulus during well development, purging. or sampling. 

A protective casing which Is level with the ground surface is used In roadway or parking lot applications · where the top of a monitoring well must be below the pavement. The top of the riser pipe is placed 4 to 5 Inches below the pavement, and a locking protective casing is cemented In place to 3 Inches below the pavement. A large dfameter protective sleeve is set Into the wet cement around the well with the top , set level with the pavement. A manhole-type lid placed over the protective sleeve. The cement should be slightly mounded to direct pooled water away from the well head • 

. 5.3 Monitoring Well Installation 

'Pertinent data regarding monitoring well Installation shall be recorded on log sheets as depicted and ,discussed In SOP SA-6.3. Attachments to this referenced SOP Illustrate terms and physical construction of various types of monitoring wells. 

5.3.1 Monitoring Wells in Unconsolidated Sediments 

_~fter the borehole is drilled to the desired depth, well Installation can begin. The procedure for well Installation will partially be dictated by the stability of the formation in which the well Is being placed. If he borehole collapses immediately after the drilling tools are withdrawn, then a temporary casing must Je installed and well Installation will proceed through the center of the temporary casing. and continue as the temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling. the ugers will act to stabilize the borehole during well Installation. 

Before the screen and riser pipe are lowered Into the borehole, all pipe and screen sections should be 1easured with an engineer's rule to ensure proper placement. When measuring sections, the threads n one end of the pipe or screen must be excluded while measuring. since the pipe and screen sections are screwed flush together. 

!ter the screen and riser pipe are lowered through the temporary casing. the sand pack can be installed. A weighted tape measure must be used during the installation procedure to carefully monitor installation .... ogress. The sand Is poured Into the annulus between the riser pipe and temporary casing. as the Ising is withdrawn. Sand should always be kept within the temporary casing during withdrawat In order to ensure an adequate sand pack. However, if too much sand Is within the temporary casing (greater 
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than 1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe may occur. 

After the sand pack is Installed to the desired depth (at least 1 foot above the top of the screen), then the bentonite pellet seal (or equivalent), can be installed in the same manner as the sand pack. At least 1 to 3 feet of bentonite pellets should be installed above the sand pack. 
The cement-bentonite grout Is then mixed and either poured or tremled Into the annulus as the temporary casing or augers are withdrawn. Finally, the protective casing can be Installed as detalled in Section 5.2.4. 

. 

In stable formations where borehole collapse does not occur, the well can be installed as discussed , .. • . above, and the use of a temporary casing Is not needed. However, centralizers may have to be installed, one above and one below the screen, to assure enough annular space for sand pack placement 
5.3.2 Confining Layer Monitoring Wells 

When drilling and Installing a well In a confined aquifer, proper well Installation techniques must be applied to avoid cross contamination between the unconfined and confined aquifer. Under most conditions, this can be accomplished by installing double-cased wells. This is accomplished by drifling a large-diameter boring through the upper aquifer, 1 to 3 feet Into the underiying confining layer, and setting and pressure grouting or tremle grouting the outer casing Into the confining layer. The grout material must fiJI the space between the native material and the outer casing. A smaller diameter boring is then continued through the · COnfining layer for installation of the monitoring weil as detaHed for overburden monitoring wells (with the exception of not using a temporary casing during installation). Sufficient time (determined by the rig geologist), must be allowed for setting of the grout prior to drilling through the confined layer. 

5.3.3 Bedrock Monitoring Wells 

When installing bedrock monitoring Wells, a large diameter boring is drilled through the overburden and approximately 5 feet Into the bedrock. A caSing (typically steel) Is installed and either pressure grouted or tremie grouted In place. After the grout has cured, a smaller diameter boring is continued through the bedrock to the desired depth. If the boring does not collapse, the well can be left open, and a screen is not necessary. If the baring collapses, then a screen is required and can be installed as detailed for overburden monitoring wells. However, If a screen is to be used, then the casing which is installed through the overburden and Into the bedrock does not require grouting and can be installed temporary until final well InstaJlation is completed. ' 
5.3.4 Drive Points 

Drive points can be installed with either a sledge hammer, drop hammer, or a mechanical vibrator. The screen is threaded and tightened onto the riser pipe with pipe wrenches. The drive point Is simply pounded into the subsurface to the desired depth. If a heavy drop hammer Is used, then a tripod and pulley setup is required to lift the hammer. Drive points typically cannot be driven to depths exceeding 10 feet. 

5.3.5 Innovative Monitoring Well Installation Techniques 
Certain innovative sampling devices have proven advantageous. These devices are essentially screened samplers installed In a borehole with only one or two small-diameter tubes extending to the surface. 

!":l 
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Manufacturers'of these types of samplers claim that four samplers can be Installed In a 3-lnch-dlameter borehole. This reduces drilling costs, decreases the volume of stagnant water, and provides a sampling system that minimizes cross-contamination from sampling equipment. These samplers also perform well when the water table is within 25 feet of the surface (the typical range of suction pumps). Two manufacturers of these samplers are TIm co Manufacturing Company. Inc •• of Prairie du Sac, WIsconsin, and BARCAD Systems, Inc., of Concord. Massachusetts. Each manufacturer offers various construction materials. 

Two additional types of multUevet sampUng systems have been devetoPed •. Both empfoy individuaJ screened openings through a smaJl-dlameter casing. One of these systems (marketed by Westbay Instruments Ud. of Vancouver, British Columbia, Canada) uses a screened port and a sampflng probe to obtain samples and head measurements or perform permeabHlty tests. This system dows sampUng ports at intervals as close as 5 feet, If desired, In boreholes from 3 to 4.8 Inche~ In diameter. 

The second system, developed at the University of Waterloo at Waterloo, Ontario. Canada, requires field assembly of the individual sampling ports and tubes that actuate a simple piston pump and force the samples to the surface. Where the depth to ground water is less than 25 feet. the piston pumps are not required. The assembly is made of easily obtained materials; however, the cost of labor to assemble these monitoring systems may not be cost-effective. 

5.4 Well Development Methods 

The purpose of weil development Is to stabilize and increase the permeability of the gravel pack around the wetl screen, and to restore the permeability of the formation which may have been reduced by drilling operations. Wells are typically developed untlJ all fine material and drilling water is removed from the weil. Sequential measurements of pH, conductivity and temperature taken during devetopment may yield information (stabilized values) that sufficient development Is reached. 111e setection of the wetl development method shall be made by the rig geologist and is based on the drilling methods. weil construction and installation details, and the characteristics of the formation that the wetlls screened In. The primary methods of well development are summarized below. A more detailed discussion may be found In Driscoll (1986). 

5.4.1 Qverpumping and Backwashlng 

Wells may be developed by alternatively drawing the water. level down at a high rate (by pumping or bailing) and then reversing the flow direction (backwashlng) so that water is passing from the well Into the formation. This back and forth movement of water through the Yiell screen and gravet pack serves to remove fines from the formation immediately adjacent to the well. while preventing bridging (wedging) of sand grains. Backwashlng can be accomplished by severm methods. indudlng pouring water Into the well and then bailing. starting and stopping a pump intermlttendy to change water levels, or forcing water Into the well under pressure through a water-tight fitting rrawhldlng·). Care should be taken when ~ckwashing not to apply too much pressure, which could damage or destroy the well screen. 

5.4.2 Surging with a Surge Plunger 

A surge plunger (also called a surge block) Is approximately the same diameter as the well casing and Is used to agitate the water, causing it to move in and out of the screens. This movement of water pulls fine materials into the well. where they may be removed by any of several methods, and prevents bridging of sand particles in the gravel pack. There are two basic types of surge plungers; solid and valved surge plungers. In fOrmations with low yields, a valved surge plunger may be preferred. as solid 



~UDJect 

p 

GROUNDWATER MONITORING 
POINT INSTALlATION 

Number 

Revision 

GH-2.8 

1 

Page 
10 of 13 

Bfectlve Date 

03/01/96 

plungers tend to force water out of the well at a greater rate than it will flow back In .. Valved plungers are designed to produce a greater inflow than outflow of water during surging. 

5.4.3 Compressed Air 

Compressed air can be used to develop a well by either of two methods: backwashlng or surging. Backwashing Is done by forcing water out through the screens, usfng Increasing air pressure inside a sealed well, then releasing the pressurized air to allow the water to flow back Into the well. Care should be taken when using this method so that the water level does not drop below the top of the screen, thus reducing well yield. Surging, or the ·open well- method, consists of alternately releasing large volumes of air suddenly into an open welf below the water level to produce a strong surge by virtue of the resistance of water head, friction, and Inertia. Pumping of the weff Is subsequenUy done using the air 11ft method. 

5.4.4 High Velocity Jetting 

In the high velocity jetting method, water is forced at high velocities from a plunger-type device and through the well screen to loosen fine particles from the sand pack and surrounding formation. The Jetting tool Is slowty rotated and raised and lowered along the length of the well screen to develop the entire screened area. Jetting using a hose lowered Into the well may stso be effective. The fines washed Into the screen during this process can then be bailed or pumped from the well. 
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7.0 RECORDS 

A critical part of monitoring well Installation is recording of significant details and events in the site logbook or field notebook. The geologist must record the exact depths of significant hydrogeological features screen placement, gravet pack placement, and bentonite pfacement. 

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed thus ensuring the unifonn recording of data for each Installation and rapid Identification of missing Information. Well depth, length, materials of construction, length and openings of screen, length and type of riser, and depth and type of all backfill materials shafl be recorded. Additional Information shaff Include location, Installation date. problems encoumered, water levets before and after well Installation, cross-reference to the geologic boring log, and methods used during the installation and development process. Documentation is very Importam to prevent problems involving questionable sample validity. Somewhat different Information 
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will need to be recorded.depending on whether the well Is completed In overburden. in a confined layer. in bedrock with a cased well, or as an open hole in bedrock. 

The quantities of sand, bentonite, and grout placed in the well are afso important. The geologist shall calculate the annular space volume and have a general Idea of the quantity of material needed to fill the annular space. Volumes of backfill significantly higher than the calculated volume may indicate a problem such as a large cavity, whOe a smaller backfill volume may indicate a cave-in. Any problems with rig operation or down-time shall be recorded and may affect the driller's final fee. 
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ATTACHMENT A 

RELATIVE COMPATIBIUTY OF RIGID WELL CASING MATERIAL (PERCENT) 
Type of casing Material Potentially-Deteriorating 

PVC 1 Galvanized Carbon Lo-carbon Stainless Stainless 
Teflon * 

Substance 
Steel Steel Stea Steet 304 Sleet 316 -Buffered Weak Acid 100 56 51 59 97 100 100 Weak Acid 98 59 43 47 96 100 100 Mineral Acid/ 

100 48 57 60 SO 82 100 
High Solids Content 
Aqueous/Organic 

64 69 73 73 98 100 100 
Mixtures 

Percent Overall Rating 91 58 56 59 93 96 100 
Preliminary Ranking of Rigid Materials: 

0-

1 Teflon 
, 

5 Lo-Carbon Steel 2 Stainless Steel 316 6 Galvanized Steel 3. Stainless Steel 304 7 Carbon Steel 4 PVC 1 

* Trademark of DuPont 
RELATIVE COMPATIBIUTY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT) 

Potentially- Type of Casing Material Deteriorating PVC 
PP PE PE 

PMM Viton'* SDicone Neoprene Teflon'* 
Substance Flexible Conv_ Unear 
Buffered Weak Acid 97 97 100 97 90 92 87 85 100 Weak Acid 92 90 94 96 7B 78 75 75 100 Mineral Acid/ 

100 100 100 100 95 100 78 82 100 
High Solids Content 
Aqueous/Organic 

62 71 40 60 49 78 49 44 100 
Mixtures 

Percent Overall 
88 Rating 90 84 88 78 87 72 72 100 

Preliminary Ranking of Semi-Rigid or 8astomeric Materials: 

1 Teflon 
, 

PE Conventional 5 2 Polypropylene (PP) 
6 Plexiglas/Lucite (PMM) 3. PVC Aexible/PE Unear 7 SDicone /Neoprene 4 Vlton' 

* Trademark of DuPont 

Source: Barcelona et aI., 1983 
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COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION 

Characteristic Stainless Steel PVC 

Strength Use in deep wells to prevent Use when shear and compressive 
compression and closing of strength are not critical. 
screen/riser. 

Weight Relatively heavier. Ught-weight; floats in water. 
Cost Relatively expensive. Relatively Inexpensive. 
Corrosivity Deteriorates more rapidly in corrosive Non-corrosive - may deteriorate in 

water. presence of ketones, aromatics, aJkyf 
sulfides, or some chlorinated 
hydrocarbons. 

Ease of Use Difficult to adjust size or length in the Easy to handle and work with in the 
field. field. 

Preparation for Should be steam cleaned organics will Never use glue fittings - pipes should Use be subsequently sampled. be threaded or pressure fitted. 
Should be steam cleaned when used 
for monitoring wells. 

Interaction with May sorb organic or inorganiC May sorb or release organic Contaminants* substances when oxidized. substances. 

* See also Attachment A. 

-



Number 
SA-1.1 

EffectiVe Date 

03/01/96 
Applicability 

Page 

1 of 27 
Revision 

3 

, JROWN & ROOT ENVIRONMENTAL 

STANDARD 
OPERATING 

PROCEDURES B&R Environmental. NE 
Prepared 

Earth Sciences Department 
S_..Iject 

Approved 11'/ GROUNDWATER SAMPLE ACQUISITION AND ONSITE WATER D. Senovich . ... aUAUTY TESTING 

TABLE OF CONTENTS 

SECTION 
.~ 

1.0 PURPOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 

2.0 SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . • •• 2 

3.0 GLOSSARY . . • • • • . • . . • • • . . . . • . . . . • . . • • . • • • . . . . • • • • • . • • • • • • . • • • • • • • • •. 2 

4.0 RESPONSIBIUTIES . • . • • . . . • • • . . . . . . . • • • . • . . . . . • . . . . . . . . . . . . . . . . • • • . . .. 3 

5.0 PROCEDURES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • • . . . . . . . . • • . . • . . . • .. 3 

5.1 
5.2 
5.3 
5.4 
5.4.1 
5.4.2 
5.5 
5.5.1 
5.5.2 
5.5.3 
5.5.4 
5.5.5 
5.5.6 
5.6 
5.6.1 
5.6.2 
5.7 
5.7.1 
5.7.2 
5.7.3 

General ........•....•......................................... 3 Sampling, Monitoring, and Evacuation Equipment . . . • • • • . • • . . • • • . . . . • . • • .• 4 Calculations of Well Volume . . . . . . • • . . . • . . . . . . . . . . . . . . . . • . . . . . • . • . . .• 5 Evacuation of Static Water (Purging) ...........••••..••••••••..••••••• 5 GeneraJ .•...••••.•••.••..................•...•...•.•...•....•. 5 Evacuation Devices • • • • • • • • • • . • • . • • • • . • • • • • • • • . . • . . . . • • . • • . • • • • • •. 6 Onsite Water Quality Testing ......•..•...................•.•..•••••. 7 Measurement of pH . . • . • . . • . . . . . . . • • • . . . . . . . • . • . . . . • . . . . • . . • . • . . •. 7 Measurement of Specific Conductance .•..••...•••...••...•......••... 9 Measurement of Temperature .•.••••••.•..•......................... 11 Measurement of DIssolved Oxygen Concentration ..................•.... 11 Measurement of Oxidation-Reduction PotentiaJ . . . • . . . . . . . • . . . . . . • . • . • . •. 13 Measurement of Turbidity .••••....••...•..••....•...•...••..••..... 14 Sampling ......••....••.......• ~ . . . . . . . • . • . . . . . • • . . . . • . . . . . . .. 16 Sampling Plan. . . • . . • . . . . • . . . . . . . • . • . . . . . . . • . . . . . • . . . . . • • • • . . . .. 16 Sampling Methods .....................:........................ 16 Low Flow Purging and Sampling .•.•••••••..•..•.•..•••..•.•••••..•.• 17 Scope and Application .••••••••.••.••••••••.•................•.... 17 Equipment ....••.....•.•.....•................•.......•.•.....• 18 Purging and Sampling Procedure .•••••••.•.•.••...•.•..••.••.•.••... 19 

i.O REFER EN CES ..•....................•.............................. 20 
AlTACHMENTS 

A PURGING EQUIPMENT SELECTION ...•..•••....•...••..•..•..•••... 22 B SPECIFIC CONDUCTANCE OF 1 MOLAR KCI AT VARIOUS TEMPERATURES . .. 25 C VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER 
AS A FUNCTION OF TEMPERATURE AND SAUNITY ...................... 26 



GROUNDWATER SAMPLE 
ACQUISITION AND ONSITE WATER QUAUTY TESTING 

1.0 PURPOSE 

Number 

Revision 

SA-1.1 
Page 

20f27 

Effective Date 3 03/01/96 

The purpose of this procedure is to provide general reference Information regarding the sampling of groundwater wells. 

2.0 SCOPE 

This procedure provides Information on proper samplirig equipment. onsite water quality testing, and techniques for groundwater sampling. Review of the information contained herein will facilitate planning of the field sampling effort by describing standard sampling techniques. The techniques described shall be followed whenever applicable, noting that site-specific conditions or project-specific plans may require modifications to methodology. 

3.0 GLOSSARY 

Conductance - The conductance of a conductor 1 centimeter long and 1 square centimeter in cross­sectional area. For groundwater measurements, a volume of water contained In a 1 cm x 1 cm sample container (the water acts as the conductor). Conductivity and specific conductance are used synonymously. 

Electrolytic Cell - An electrochemical cell In which electrical energy is supplied from an external source. This cell functions in much the same way as a galvanic cell. only the current flows in the opposite direction due to the external source of applied voltage. ElectrolytJc cells are used In dissolved oxygen measurement 

Galvanic Cell - A electrochemical cell In which chemical energy is spontaneously converted to electrical energy. The electrical energy produced is supplied to an externaJ circuit. GaJvanic cells are used In dissolved oxygen measurement. 

Ohm - Standard unit of electrical resistance (R). Used In specific conductance measurement. A siemen (or umho) Is the standard unit of electrical conductance. the inverse of the ohm. 
Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing species as determined by the electromotive force developed by a noble metal electrode, Immersed In water. as referenced against a standard hydrogen electrode. . . 

.m:i -The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is related to the hydrogen ion concentration, and, In a relatively weak solution, the two are neariy equal. Thus. for all practical purposes, pH Is a measure of the hydrogen ion concentration. 
pH Paper - Indicator paper that turns different colors depending on the pH of the solution to which it Is exposed. Comparison with color standards supplied by the manufacturer will then give an indication of the solution's pH. 

Resistance - A measure of the solution's ability to oppose the passage of electrical current. For metals and solutions. resistance is defined by Ohm's Law, E = IR, where E is the potentiaJ difference, I Is the current. and R Is the resistance. Used In measurement of specific conductance. 

_ J 
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Project Hydrogeoloaist - Responsible for selecting and detaUing the specific groundwater sampling techniques, onsite water quality testing (type, frequency, and location), and equipment to be used, and providing detailed Input In this regard to th~ project plan documents. The project hydrogeologist Is also responsible for property brtefing and overseeing the performance of the site sampling personnel. 

Project Geologist - Is prtmarily responsible for the proper acquisitfon · of the groundwater samples. He/she is also responsible for the actual analyses of onaite water quatity samples, as well as instrument calibration, care, and maintenance. When appropriate, such responsibilities may be performed by other quatified personnel (e.g., field technicians). 

5.0 PROCEDURES 

5.1 General 

To be useful and accurate, a groundwater sample must be representative of the particular zone of the water being sampled. The physical, chemical, and bacteriological Integrity of the sample must be maintained from the time of sampling to the time of analysis in order to keep any changes in water quality parameters to a minimum. 

Methods for withdrawing samples from completed wells include the use of pumps, compressed air, bailers, and various types of samplers. The primary considerations in obtaining a representative sample of the groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physical or chemical alteration of the water due to sampling techniques. In a non-pumping Well, there wUI be little or no vertical mixing of water in the well pipe or casing. and stratification will occur. The well water in the screened section will mix with the groundwater due to normal flow patterns, but the well water above the screened section will remain isolated and become stagnant. To safeguard against collecting non­rep~esentative stagnant water in a sample, the following approach shall be followed prior to sample acquisition: 

1. All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to fIVe volumes is recommended prior to sampling. In a high-yielding groundwater formation and where there is no stagnant water In the well above the screened section, extensive evacuation prior to sample withdrawal is not as critical. 

2. For wells that can be purged dry, the well shall be evacuated and allowed to recover prior to sample acqUisition. If the recovery rate is fairly rapid, evacuation of more than one volume of water Is required. 

3. For high-yielding monitoring wells which cannot be evacuated to dryness, there is no absolute safeguard against contaminating the sample with stagnant water. One of the following techniques shall be used to minimize this possibility: 

• A submersible pump or the intake line of a surface pump or bailer shall be placed Just below the water surface when removing the stagnant water and lowered as the water level drops. Three to fIVe volumes of water shall be removed to provide reasonable assurance that all stagnant water has been evacuated. Once this is accomplished, a bailer or other approved device may be used to collect the sample for analysis. 

-----------------------------------_.-.. _. -
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• The intake line of the sampling pump (or the submersible pump itself) shall be placed near the bottom of the screened section, and approximately one casing volume of water shaJl be pumped from the well at a low purge rate, equal to the well's recovery rate Qow flow sampling). 

Stratification of contaminants may exist In the aquifer. Concentration gradIents as a result of mixing and dispersion processes, layers of Variable permeability, and the presence of separate-phase product (i.e, floating hydrocarbons) may cause stratification. Excesslve.pumplng or Improper sampling methods can dDute or increase the contaminant concentrations In the recovered sample compared to what Is representative of the Integrated water column as It naturally occurs at that point, thus the result Is the collection of a non-representative sample. 

5.2 Sampling, Monitoring. and Evacuation Equipment 
Sample containers shall conform with the guidelines expressed In SOP SA-6.1. 
The following equipment shall be on hand when sampling ground water wells (reference SOPs SA-6.1 and SA-7.1): 

• Sample packaging and shipping equipment - Coolers tor sample shipping and cooling, chemical preservatives, appropriate sampling containers and filler, ice, labels and chain-of­custody documents. 

• Field tools and Instrumentation - Thermometer, pH paper/meter. camera and film (If appropriate), appropriate keys (for locked wells). engineers rule, water level Indicator, specific conductivity meter, and turbidity meter (as applicable). 

• Pumps 

ShaJlow-weli pumps: Centrifugal, pitcher, suction, or peristaltic pumps with droplines, air-lift apparatus (compressor and tubing) where applicable. 
Deep-well pumps: SUbmersible pump and electrical power-generatlng unit, or air-lift apparatus where applicable. 

• Other sampling eguipment - Bailers and Inert line with tripod-pulley assembly (if necessary). Bailers or submersible centrifugal pumps shall be used to obtain samples tor volatile organics from shallow and deep groundwater wells. 

• Pails - Plastic, graduated. 

• Decontamination solutions· Deionized water, laboratory detergents. 10% nitric acid solution (as required), and anaJytlcaJ-grade solvents (e.g., methanol. acetone, hexane), as required. 
Ideally, sample withdrawal equipment shall be completely Inert. economlcaJ, easily cleaned, cleaned prior to use, reusable, able to operate at remote sites In the absence of power sources. and capable of delivering variable rates for well flushing and sample collection. 

c __ . 
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5.3 Calculations of Well Volume 

To insure that the proper volume of water has been removed from the well prior to sampling it Is first necessary to know the volume of standing water in the well pipe. This volume can be easily caJculated by the following method. Calculations shaJl be entered In the site logbook or field notebook or on a sample log sheet form (see SOP SA-6.3): 
I 

• Obtain all available information on well con~ructlon Qocatlon, casing. screens, etc.). 

• Determine well or casing diameter. 

• Measure and record static water level (depth below ground level or top of casing reference point). 

• Determine depth of well by sounding using a clean, decontaminated, weighted tape measure. 

• Cafculate number of linear feet of static water (total depth or length of well pipe minus the depth to static water level). 

• Cafculate one static well volume in gallons V - (O.163XTXr2) 

where: V 
T 

r 
0.163 

= 
a 

-
os 

Static volume of well In gallons. 
Thickness of water table in the well measured In feet (I.e .• ffnear 
feet of static water). 
Inside radius of well casing In Inches. 
A constant conversion factor which compensates for the 
conversion of the casing radius from inches to feet, the 
conversion of cubic feet to gallons, and pi. 

• Per evacuation volumes discussed above. determine the minimum amount to be evacuated before sampling. 

5.4 Evacuation of Static Water (Purging) 

5.4.1 General 

The amount of purging a well shall receive prior to sample collection will depend on the intent of the monitoring program and the hydrogeologic conditions. Programs to determine overall quality of water resources may require long pumping periods to obtain a sample that Is representative of a large volume of that aquifer. The pumped volume may be specified prior to sampling so that the sample can be a composite of a known volume of the aquifer. Alternately the well can be pumped until the parameters such as temperature, electrfcaJ conductance. pH, and turbidity (as applicable), have stabilized. Onsite measurements of these parameters shall be recorded In the site logbook, field notebook, or on standardized data sheets. 

--------------------------------------------------------------.-1!P 



Subject 

1/P 

GROUNDWATER SAMPLE 
ACaUISmON AND ONSITE WATER 
aUAUTY TESTING 

5.4.2 Evacuation Devices 

Number 

Revision 

SA-1.1 

3 

Page 
6 of 27 

Bfective Date 
03/01/96 

The following discussion is limited to those devices commonly used at hazardous waste sites. 
Attachment A provides guidance on the proper evacuation device to use for given sampling situations. 
Note that afl of these techniques involve equipment which Is portable and readily available. 

Bailers 

Bailers are the simplest evacuation devices used and have many advantages. They generally consist of 
a length of pipe With a sealed bottom (bUCket-type bailer) or, as is more useful and favored. with a ball 
check-vafve at the bottom. An inert line is used to lower the baiJer and retrieve the sample. 

Advantages of bailers include: 

• Few limitations on size and materials used for bailers. 
• No extemaf power source needed. 
• Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances· of 

cross-contamlnatlon. 
• There is mlnimaf outgassing of volatile organiCS while the sample is in the bailer. 
• Bailers are relatively easy to decontaminate. 

Umitations on the use of bailers include the following: 

• It Is time consuming to remove stagnant water using a bailer. 
• Transfer of sample may cause aeration. 
• Use of bailers is physically demanding. especially In wann temperatures at protection levels 

above Level D. 

Suction Pumps 

There are many different types of Inexpensive suction pumps including centrifugaf, diaphragm, peristaltic. 
and pitcher pumps. Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping 
rate and for sampling at a low pumping rate. The peristaftlc pump is a low volume pump that uses 
rollers to squeeze a flexible tUbing, thereby creating suction. This tubing can be dedicated to a well to 
prevent cross contamination. The pitcher pump is a common fann hand-pump. 

These pumps are afl portable, inexpensive and readily available. However, because they are based on 
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A 
Significant limitation Is that the vacuum created by these pumps can cause significant loss of dissolved 
gases and volatile organics. . 

Air-lift Samplers 

This group of pump samplers uses gas pressure either in the annulus of the wefl or in a venturi to force 
the water up a sampling tube. These pumps are also relatively Inexpensive. Air (or gas)-lift samplers 
are more suitable for weU development than for sampling because the samples may be aerated. leading 
to pH changes and subsequent trace metal precipitation. or loss of volatile organics. 
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Submersible pumps take in water and push the sample up a sample tube to the surface. The power sources for these samplers may be compressed gas or electricity. The operation principles vary and the displacement of the sample can be by an inflatable bladder, sJldlng piston, gas bubble, or impeller. Pumps are available for 2-1nch-dlameter wefls and larger. These pumps can lift water from considerable depths (severa! hundred feet). 

Umitations of this class of pumps include: 

• They may have low delivery rates. 
• Many models of these pumps are expensive. 
• Compressed gas or electric power is needed. 
• Sediment In water may cause clogging of the valves or eroding the impellers with some of these pumps. 
• Decontamination of Internal components can be difficult and tlme-consumlng. 

5.5 Onsite Water Quality Testing 

This section describes the procedures and equipment required to measure the following parameters of an aqueous sample in the field: 

• pH 
• Specific Conductance 
• Temperature 
• Dissolved Oxygen (00) Concentration 
• Oxidation Reduction PotentIal 
• Certain DIssolved Constituents Using Specific Ion Sements 
• Turbidity . 

This section is applicable for use in an onsite groundwater quality monitoring program to be conducted at a hazardous or nonhazardous site. The procedures and equipment described are applicable to groundwater samples and are not, In genera!, subject to solution interferences from color, tUrbidity, and colloidal material or suspended matter. 

This section provides genera! information for measuring the parameters listed above with Instruments and techniques in common use. Since instruments from different manufacturers may vary, review of the manufacturer's literature pertaining to the use of a specific instrument Is required before use. 

5.5.1 Measurement of pH 

5.5.1.1 General 

Measurement of pH Is one of the most Important and frequently used tests in water chemistry. Practically every phase of water supply and wastewater treatment such as acid-base neutralization, water softening, and corrosion control is pH dependent. Ukewise, the pH of leachate can be correlated with other chemical analyses to determine the probable source of contamination. It Is therefore important that reasonably accurate pH measurements be taken. 
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Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator paper is used when only a rough estimate of the pH Is required, and the pH meter when a more accurate measurement Is needed. The response of a pH meter can be affected to a slight degree by high levels of colloidal or suspended solids, but the effect is usuaily smaJI and generally of little significance. Consequently. specific methods to overcome this interference are not described. The response of pH paper is unaffected by solUtIon interferences from color, turbidity. cofJoldai or suspended materials unless extremely high levels capable of coating or masking the paper are encountered. In such cases, use of a pH meter is recommended. 

5.5.1.2 Principles of Equipment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or baSicity of the solution created by the addition of the water sample reacting with the indicator compound on the paper. Various types of pH papers are available, including litmus (for generat acidity or basicity determination) and specific pH range hydrion paper. 

Use of a pH meter relies on the same principle as other lon-specific electrodes. Measurement relies on establishment of a potential difference across a glass or other type of membrane in response to (in this instance, hydrogen) ion concentration across that membrane. The membrane is conductive to ionic species and, in combination with a standard or reference electrcde, a potential difference proportional to the ion concentration is generated and measured. 

5.5.1.3 Equipment 

The following equipment Is needed for taking pH measurements: 

• Stand-alone 150 ponable pH meter, or combination meter (e.g., Horiba U-10). or combination meter equipped with an in-line sample chamber. 

• Combination electrode ~ith polymer body to frt the above meter (alternately a pH electrode and a reference electrode can be used If the pH meter is equipped with suitable electrode Inputs). 

• Buffer solutions, as specified by the manufacturer. 

• pH Indicator paper, to cover the pH range 2 through 12-

• Manufacturer's operation manual. 

5.5.1.4 Measurement Techniques for Field Determination of pH 
pH Meter 

The following procedure is used for measuring pH with a pH meter (meter standardization is according to manufacturer's Instructions): 

• Inspect the instrument and batteries prior to Initiation of the field effort. 
• Check the integrity of the buffer solutions used for field calibration. Buffer solutions need to be changed often as a result of degradation upon exposure to the atmosphere. 

1 
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• Immerse the tip of the electrodes in water overnight. If this is not possible due to field conditions, immerse the electrode tip in water for at least an hour before use. The electrode tip may be immersed In a rubber or plastic sack containing buffer solution for field transport or storage. This is not applicable for all electrodes as some must be stored dry. 
• If applicable, make sure all electrolyte solutions within the electrode(s) are at their proper _ levels and that no air bubbles are present within the electrode(s). 
• Calibrate on a daily use basis following rnanUtacrurer's Instructions. Record calibration data on an equipment calibration log sheet 

• Immerse the electrode(s) In the unknown solution, slowly stirring the probe untO the pH stabilizes. Stabilization may take several seconds to minutes. If the pH continues to drift, the sample temperature may not be stable, a physical reaction (e.g., degassing) may be taking place in the sample, or the meter or electrode may be malfunctioning. This must be deariy noted /n the logbook. 

• Read and record the pH of the solution. pH shall be recorded to the nearest 0.1 pH unit Also record the sample temperature. 

• Rinse the electrode(s) with deionized water. 

• Store the electrode(s) In an appropriate manner when not In use. 
Any visual observation of conditions which may Interfere with pH measurement, such as oOy materials, or turbidity, shall be noted. 

pH Paper 

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is available in several ranges, including wide-range (Indicating approximately pH 1 to 12), mid-range (approximately pH 0 to 6, 6 to 9,8 to 14) and narrow-range (many available, with ranges as narrow as 1.5 pH units). The appropriate range of pH paper shall be selected. If the pH is unknown the Investigation shall start with Wide-range paper and proceed with successively narrower range paper until the sample pH is adequately determined. 

5.5.2 Measurement of Specific Conductance 

5.5.2.1 General 

Conductance provides a measure of dissolved Ionic species in water and can be used to Identify the direction and extent of migration of contaminants in groundwater or surface water. It can also be used as a measure of subsurface biodegradation or to indicate alternate sources of groundwater contamination . 

. Conductivity is a numerical expression of the ability of a water sample to carry an electric current. This value depends on the totaJ concentration of the ionized substances dissolved In the water and the temperature at which the measurement is made. The mobility of each of the various dissolved ions, their valences, and their actual and relative concentrations affect conductivity. 
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It is important to obtain a specific conductance measurement soon after taking a sample, since temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect the specific conductance. 

5.5.2.2 Principles of Equipment Operation 

An aqueous system containing ions will conduct an electric current In a dlrect-current field, the positive Ions migrate toward the negative electrode, while the negatively charged Ions' migrate toward the positive electrode. Most Inorganic acids, bases and salts (such as hydrochloric acid, ' sodium carbonate, or sodium chloride, respectively) are relatively good conductors. Conversely, organic compounds such as sucrose or benzene, which do not disassociate in aqueous solution, conduct a current very poony, if at all. 

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used for measurement of electrfcat resistance. The ratio of current applied to voltage across the cell may also be used as a measure of conductance. The core element of the apparatus Is the conductivity cell containing the solution of Interest. Depending on ionic strength of the aqueous solution to be tested, a potential difference is developed across the cell which can be converted directly or Indirectly (depending on Instrument type) to a measurement of specific conductance. 
5.5.2.3 Equipment 

The following equipment Is needed for taking specific conductance (SC) measurements: 
• Stand alone portable conductivity meter, or combination meter (e.g., Horiba U-10), or combination meter equipped with an in.fine sample chamber. • Calibration solution, as specified by the manufacturer. • Manufacturer's operation manual. 

A variety of conductivity meters are available which may also be used to monitor salinity and temperatures. Probe types and cable lengths vary, so equipment must be obtained to meet the specific requirement of the sampling program. 

5.5.2.4 Measurement Techniques for Specific Conductance 
The steps involved In taking specific conductance measurements are listed below (standardization is according to manufacturer's Instructions): . 

• Check batteries and calibrate instrument before going Into the field. 
• Calibrate on a daily use basis, according to the manufacturer's Instructions and record all pertinent Information on an equipment calibration log sheet. Potassium chloride solutions with a SC closest to the values expected In the field shall be used for calibration. Attachment B provides guidance in this regard. 

.• Rinse the cell with one or more portions of the sample to be tested or with deionized water. 
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• Immerse the electrode in the sample and measure the conductivity. Adjust the temperature setting to the sample temperature (If applicable). 

• Read and record the results In a field logbook or sample log sheet. 

• Rinse the electrode with deionized water. 

If the specific conductance measurements become erratic, recalibrate the instrument and see the manufacturer's instructions for details. . 

5.5.3 

5.5.3.1 

Measurement of Temperature 

General 

In combination with other parameters, temperature can be a useful Indicator of the likelihood of blologicaf action in a water sample. It can also be used to trace the flow direction of contaminated groundwater. Temperature measurements shall be taken in-situ, or as quickly as possible in the field. Collected water samples may rapidly equilibrate with the temperature of their surroundings. 

5.5.3.2 Equipment 

Temperature measurements may be taken with alcohol-toluene, mercuryfiJJed or dial-type thermometers. In addition, various meters such as speciflc conductance or dissolved oxygen meters, which have temperature measurement capabilities. may also be used. Using such Instrumentation afong with suitable probes and cables, in-situ measurements of temperature at great depths can be performed. 

5.5.3.3 Measurement Techniques for Water Temperature 

If a thermometer is used to determine the temperature for a water sample: 

• Immerse the thermometer in the sample until temperature equilibrium is obtained (1-3 minutes). To avoid the possibility of cross.contaminatlon. the thermometer shall not be Inserted into samples which will undergo subsequent chemical anaJysis. 

• Record values in a field logbook or sample log sheet. 

If a temperature meter or probe is used, the instrument shaJl be c8Jlbrated according to manufacturer's recommendations. 

5.5.4 Measurement ot Dissolved Oxygen Concentration 

5.5.4.1 General 

Dissolved oxygen (00) levels in natural water and wastewater depend on the physical, chemical and biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as the rate of corrosivity. are dependent on the dissolved oxygen concentration. Thus, anaJysis for dissolved oxygen is a key test In water pollution and waste treatment process control. If at all possible, 00 measurements shall be taken in-situ. since concentration may show a large change in a short time If the sample is not adequately preserved. 

J 
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The monitoring method discussed herein Is limited to the use of dissolved oxygen meters only. Chemical methods of analysis (I.e., WlnJder methods) are available, but require more equipment and greater sample manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for highly polluted waters, because the probe Is completely submersible, and Is not susceptible to Interference caused by color, tUrbidity, colloidal material or suspended matter. 
5.5.4.2 Principles of Equipment Operation 

Dissolved oxygen probes are normally electrochemical Cells that have two solid metal electrodes of different nobility immersed In an electrolyte. The electrolyte Is retained by an oxygen-permeable membrane. The metal of highest nobility (the cathode) Is positioned at the membrane. When a suitable potential exists between the two metals, reduction of oxygen to hydroxide Ion (OH) occurs at the cathode surface. An electrical current Is developed that Is directly proportional to the rate of arrival of oxygen molecules at the cathode. 

Since the current produced In the probe is directly proportlonaf to the rate of arrival of oxygen at the cathode, it Is important that a fresh supply of sample always be in contact with the membrane. Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low readings are obtained. It Is therefore necessary to stir the sample (or the probe) constantly to maintain fresh solution near the membrane Interface. StIrring, however, shatl not be so vigorous that additional oxygen is Introduced through the air-water Interface at the sample surface. To avoid this possibility, some probes are equipped with stirrers to agitate the solution near the probe, whRe leaving the surface of the solution undistUrbed. 

Dissolved oxygen probes are relatJvely unaffected by interferences. Interferences that can occur are reactions with oxidizJng gases (such as chlorine) or with gases such as hydrogen sulfide, which are not easily depolarized from the indicating electrode. If a gaseous Interference Is suspected, It shall be noted in the field log book and checked if possible. Temperature variations can also cause Interference because probes exhibit temperature sensitivity. Automatic temperature compensation Is normally provided by the manufacturer. 

5.5.4.3 Equipment 

The following equipment Is needed to measure dissolved oxygen concentration: 
• Stand alone portable dissolved oxygen meter, or combination meter (e.g., Horiba U-10), or combination meter equipped with an in-llne sample chamber. • Sufficient cable to allow the probe to contact the sample. • Manufacturer's operation manual. 

5.5.4.4 Measurement Techniques for Dissolved Oxygen Determination 
Probes differ as to specifics of use. Follow the manufacturer's Instructions to obtain an accurate reading. The following general steps shall be used to measure the dissolved oxygen concentration: 

. • The equipment shall be calibrated and have Its batteries checked In the warehouse before going to the field. 

.".--.,. 
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• The probe shall be conditioned in a water sample for as long a period as practicat before use In the field. Long periods of dry storage followed by short periods of use in the field may result In inaccurate readings. 

• The instrument shall be catlbrated in the field according to manufacturer's recommendations or in a freshly air-saturated water sample of known temperature. Dissolved oxygen values for air-saturated water can be determined by consulting a table listing oxygen solubilities as -a function of temperature and salinity (see Attachment C); 

• Record all pertinent information on an equipment calibration sheet 

• Rinse the probe with deionized water. 

• Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane by stirring the sample. Probes without stirrers placed In wells can be moved up and down. 

• . Record the dissolved oxygen content and temperature of the sample in a field logbook or sample log sheet 

• Rinse the probe with deionized water. 

• Recalibrate the probe when the membrane is replaced, or as needed. Follow the manufacturer's instructions. 

Note that In-situ placement of the probe is preferable, since sample handling is not Involved. this however, may not always be practical. Be sure to record whether the liquid was analyzed In-situ, or if a sample was taken. . 

Special care shall be taken during sample collection to avoid turbulence which can lead to increased oxygen solubilization and positive test Interferences. 

5.5.5 Measurement of Oxidation-Reduction Potential 

5.5.5.1 General 

The oxidation-reduction potential (ORP) provides a measure of the tendency of organic or inorganic compounds to exist In an oxidized state. The ORP parameter therefore provides evidence of the likelihood of anaerobic degradation of biodegradable organics or the ratio of activities of oxidized to reduced species in the sample. 

5.5.5.2 Principles of Equipment Operation 

When an inert metal electrode, such as platinum, is immersed In a solution, a potential Is developed at that electrode depending on the ions present In the solution. If a reference electrode is placed In the same solution, an ORP electrode pair is established. This electrode pair allows the potential difference . between the two electrodes to be measured and Is dependent on the concentration of the ions in solution. By this measurement, the ability to oxidize or reduce species in solution may be determined. Supplemental measurements. such as dissolved oxygen, may be correlated with ORP to provide a knowtedge of the quality of the solution, water, or wastewater. 
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The foJ/owing equipment is needed for measuring the oxidation-reduction potential of a solUtion: 

• Portable pH meter or equivalent, with a millivolt scale. 
• Platinum electrode to fit above pH meter. 
• Reference electrode such as a calomel, silver-silver chloride, or equivalent. • Reference solution as specified by the manufacturer. 
• Manufacturer's operation manual. . 

5.5.5.4 Measurement Techniques for Oxidation-Reduction Potential 

The foJ/owing procedure is used for meas'uring oxidation-reduction potentIal: 

• The equipment shall be calibrated and have its batteries checked before going to the field. .' 

• Check that the platinum probe is clean and that the platinum bond or tIp Is unoxidlzed. If dirty, polish with emery pap~r or, if necessary, clean the electrode using aqua regia, nitric acid, or chromic acid, in accordance with manufacturer's instructions. 

• Thoroughly rinse the electrode with deionized water. 

• Verify the sensitivity of the electrodes by noting the change in millivolt reading when the pH of the test solution is altered. The ORP will Increase when the pH of the test solution decreases and the ORP will decrease if the test solutJon pH Is Increased. Place the sample In a clean container and agitate the sample. Insert the electrodes and note the ORP drops sharply when the caustic is added (I.e., pH Is rafsed) thus Indicating the efectrodes are sensitive and operating properly. If the ORP Increases sharply when the caustic is added. the polarity is reversed and must be corrected In accordance with the manufacturer's Instructions. If the ORP does not respond as above when the caustic is added, the efectrodes shall be cleaned and the above procedure repeated. 

• After the assembly has been checked for sensitivity, wash the electrodes with three changes of water or by means of a flowing stream of deionized water from a wash bottle. Place the sample in a clean container and Insert the electrodes. Set temperature compensator throughout the measurement period. Read the millivolt potential of the solution, allowing sufficient time for the system to stabilize and reach temperature equUibrium. Measure successive portions of the sample untU re~dlngs on two successive portfons differ by no more than 10 mV. A system that Is very slow to stabilize properly will not yield a meaningful ORP. Record all results in a field logbook or sample logsheet. including ORP (to nearest 10 mV), sample temperature and pH at the time of measurement. 

5.5.6 Measurement of Turbidity 

5.5.6.1 General 

Turbidity in water is caused by suspended matter, such as clay, sUt, finely dMded organic and Inorganic matter, soluble colored organic compounds, and microscopic organisms, incfudlng plankton. Turbidity is an expression of the optical propeny that causes light to be scattered and absorbed rather than transmitted In a straight line through the sample. 
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It Is important to obtain a turbidity reading immediately after taking a sample, since irreversible changes in turbidity may occur if the sample is stored too long. 

5.5.6.2 Principles of Equipment Operation 

Turbidity is measured by the Nephelometric Method. this method Is based on a comparison of the Intensity of light scattered by the sample under defined conditions with the intensity of light scattered by­a standard reference suspension under the same conditions. The higher the scattered light Intensity. the higher the tUrbidity. . 

Formazin polymer is used as the reference turbidity standard suspension because of Its ease of preparation combined with a higher reproducibility of Its Ught-scattering properties than clay or turbid natural water. The turbidity of a specified concentration of forrnazin suspension is defined as 40 nephelometric units. This same suspension has an approximate turbidity of 40 Jackson units when measured on the candle turbid meter. Therefore, nephelometric turbidity units (NTU) based on the formazin preparation will approximate units derived from the candle turbidimeter but will not be identical to them. 

5.5.6.3 Equipment 

The following equipment Is needed for turbidity measurement: 

• Stand afone portable turbidity meter, or combination meter (e.g., Horiba U-10). or combination meter equipped with an in-line sample chamber. 

• Calibration solution. as specified by the manufacturer. 

• Manufacturer's operation manual. 

5.5.6.4 Measurements Techniques for Specific Conductance 

The steps involved in taking turbidity measurements are listed below (standardization is according to manufacturer's instructions): 

• Check batteries and calibrate instrument before going Into the field. 

• Check the expiration date (etc.) of the solutions used for field calibration. 

• Calibrate on a daUy use basis. according to the manufacturer's instructions and record aU pertinent Information on an eqUipment calibration log sheet. 

• Rinse the cell with one or more portions of the sample to be tested or with deionized water. 

• Immerse the probe in the sample and measure the tUrbidity. The reading must be taken Immediately as suspended solids will settle over tIme resulting in a lower, Inaccurate turbidity reading. 

-----------______________________ " ____ ....J 
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• Read and record the results in a field logbook or sample log sheet. Indude a physical description of the sample, including color, quaJitative estimate of turbidity, etc. 

• Rinse the electrode with deionized water. 

5.6 Sampling 

5.6.1 Sampling Plan 

The sampling approach consisting of the following. shall be developed as part of the project plan documents which are approved prior to beginning work In the field: 

5.6.2 

• Background and objectives of sampling. 

• Brief description of area and waste characterization. 

• Identiflcatlon of sampling locations, with map or sketch, and applicable well construction data (well size, depth, screened Intervat, reference elevation). 

• Intended number, sequence volumes, and types of samples. If the relative degrees of contamination between wells Is unknown or Insignificant, a sampling sequence which facilitates sampling logistiCS may be followed. Where some wells are known or strongly suspected of being highly contaminated, these shall be sampled last to reduce the risk of cross-contamlnatlon between wells as a result of the samptlng procedures. 

• Sample preservation requirements. 

• Work schedule. 

• Ust of team members. 

• Ust of observers and contacts. 

• Other information, such as the necessity for a warrant or permiSSion of entry, requirement for split samples, access problems, location of'keys, etc. 

Sampling Methods 

The collection of a groundwater sample consists of the following steps: 

1. The site Heaith & Safety Officer (or designee) will first open the well cap and use volatile organic detection equipment (PID or AD) on the escaping gases at the well head to determine the need for respiratory protectJon. 

2. When proper respiratory protection has been donned, sound the well for total depth and water level (using clean equipment) and record these data on a groundwarer sampling log sheet (see SOP SA-6.3); then caJculate the fluid volume in the well pipe (as previously described In this SOP). 

3. Calculate well volume to be removed as stated In Section 5.3. 
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4. Select the appropriate purging equipment (see Attachment A). If an electric submersible pump with packer is chosen, go to Step 10. 

5. Lower the purging equipment or intake into the well to a short distance below the water level and begin water removaJ. Collect the purged water and dispose of it In an acceptable manner (as applicable). Lower the purging device, as required, to maintain submergence._ 
6. Measure the rate of discharge frequently. A graduated bucket and stopwatch are most commonly used; other techniques inetude use of pipe trajectory methods, weir boxes or flow meters. 

7. Observe the peristaJtlc pump intake for degassing -bubbles.· If bubbles are abundant and the intake is fully submerged. this pump is not suitable for collecting samples for volatile organics. Never collect volatile organics samples using a vacuum pump. 
8. Purge a minimum of three to five casing volumes before sampling. In low-permeabllity strata (I.e., if the well is pumped to dryness). one volume will suffice. Purged water shaJl be collected In a designated container and disposed In an acceptable manner. 

If sampling using a pump, lower the pump intake to mldscreen (or the middle of the open section in uncased wells) and collect the sample. If sampling with a bailer, lower the bailer to the sampling level before filling. 

(For pump and packer assembly only). Lower the assembly into the well so that the packer Is positioned just above the screen or open section. Inflate the packer. Purge a volume equat to at least twice the screened Intervat (or unscreened open section volume below the packer) before sampling. Packers shall always be tested In a casing section above ground to determine proper inflation pressures for good sealing. 
11. In the event that recovery time of the well Is very slow (e.g •• 24 hours or greater), sample collection can be delayed until the following day. If the well has been purged earty in the morning. sufficient water may be standing in the well by the day's end to permit sample collection. If the well is incapable of producing a sufficient volume of sample at any time, take the largest quantity available and record this occurrence in the site logbook. 

12. Fill sample containers (preserve and label as descriped In SOP SA-6.1). 
13. Replace the well cap and lock as appropriate. Make sure the well Is readily identifiable as the source of the samples. 

14. Process sample containers as described In SOP SA-6.1. 
15. Decontaminate equipment as described In SOP SA-7.1. 

5.7 Low Row Purging and Sampling 

5.7.1 Scope & Application 

Low flow purging and sampling techniques are sometimes required for groundwater sampling activities. The purpose of low flow purging and sampling is to collect groundwater samples that contain 
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-representativeg amounts of mobile organic and Inorganic constituents in the vicinity of the selected open well Interval, at near natural flow conditions. The minimum stress procedure emphasizes negligible water level drawdown and low pumping rates in order to collect samples with minimal alterations in water chemistry. This procedure is designed primarily to be used In wells with a casing diameter of 2 Inches or more and a saturated screen, or open interval, le~gth of ten feet or less. Samples obtained are suitable for analyses of common types of groundwater contaminants (volatile and semi-volatile organic _ compounds, pesticides, PCBs, metals and other inorganic ions (cyanide, chloride, sulfate, etc.]). This procedure is not designed to collect non-aqueous pnase Uquids samples from wells containing light or . dense non-aqueous phase liquids (LNAPLs or DNAPLs). using the low flow pumps. 
The procedure is flexible for various well construction types and groundwater yields. The goal of the procedure is to obtain a turbidity level of less than 5 NTU and to achieve a water level drawdown of less than 0.3 feet during purging and sampling. If these goals cannot be achieved, sample collection can take place provided the remaining criteria in this procedure are met. 
5.7.2 Equipment 

The following equipment Is required (as applicable) for low flow purging and sampling: 
• Adjustable rate, submersible pump (e.g .• centrifugal or bladder pump constructSci of stainless steel or Teflon). Peristaltic pumps may be used only for inorganic sample collection. 
• Disposable dear plastic bottom ffiUng bailers may be used to check for and obtain samples of LNAPLs or DNAPLs. 

• Tubing - Teflon, Teflon lined polyethylene, polyethylene, PVC, tygon steel tubing can be used to collect samples for analysis, depending on the analyses to be performed and regulatory requirements. 

• Water level measuring device, 0.01 foot accuracy, (electronic devices are preferred for tracking water level drawdown during all pumping operations). 

• Flow measurement supplies. 

• Interface probe, if needed. 

• Power source (generator. nitrogen tank, etc.). If a gasoline generator is used, it must be located downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the samples. 

• Indicator parameter monitoring instruments - pH. turbidity, specific conductance, and temperature. Use of a flow-through cell Is recommended. Optional Indicators - eH and dissolved oxygen, f1ow­through cell Is required. Standards to perform field calibration of Instruments. 
• Decontamination supplies. 

• Logbook(s), and other forms (e.g., well purging forms). 

• Sample Bottles. 

9611/P 
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• Sample preservation supplies (as required by the anaIyticaf methods). 

• Sample tags or labels. 

• Well construction data, location map, fleld data from last sampling event. 

• Field Sampling Plan. 

• PIO or FlO instrument for measuring voes (volatJIe organic compounds). 

5.7.3 Purging and Sampling Procedure 
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Use a submersible pump to purge and sample monitoring wells which have a 2.0 Inch or greater well casing diameter. 

Measure and record the water level immediately prior to pJacing the pump in the well. 

Lower pump, safety cable, tubing and electrical lines slowly into the well so that the pump intake is located at the center of the saturated screen length of the well. If possible keep the pump Intake at least two feet above the bottom of the well, to minimize mobUlzation of sediment that may be present In the bottom of the well. Collection of turbid free water samples may be difficult If there Is three feet or less of standing water in the well. 

When starting the pump, slowly increase the pump speed until a discharge occurs. Check water level. Adjust pump speed to maintain little or no water level drawdown. The target drawdown should be less than 0.3 feet and It should stabUize. If the target of less than 0.3 feet cannot be achieved or maintained, the sampling Is acceptable if remaining criteria in the procedure are met Subsequent sampling rounds will probably have Intake settIngs and extraction rates that are comparable to those used In the initial sampling rounds. 

Monitor water level and pumping rate every three to fIVe minutes (or as appropriate) during purging. Record pumping rate adjustments and depths to water. Pumping rates should, as needed, be reduced to the minimum capabilities of the pump (e.g., 0.1-0.2 I/min) to ensure stabilization of Indicator parameters. Adjustments are best made in the first fifteen minutes of pumping In order to help minimize purging time. During Initial pump start-up, drawdown· inay exceed the 0.3 feet target and then recover as pump flow adjustments are made (minimum purge volume calculations should utilize stabUlzed drawdown values, not the Initial drawdown). If the recharge'rate of the well Is less than minimum capability of the pump do not allow the water level to fall to the intake level (If the static water level is above the screen, avoid lowering the water level Into the screen). Shut off the pump If either of the above Is about to occur and atlow the water level to recover. Repeat the process untJI field Indicator parameters stabDlze and the minimum purge volume is removed. The minimum purge volume with negligible drawdown (0.3 feet or less) Is two saturated screen length volumes. In situations where the drawdown is greater than 0.3 feet and has stabilized. the minimum purge volume Is two times the saturated screen volume plus the stabilized drawdown volume. After the minimum purge volume is attained (and field parameters have stabnized) begin sampling. For low yields wells, commence sampling . as soon as the well has recovered sufficiently to collect the appropriate volume for atl anticipated ·samples. 

DUring well purging, monitor field Indicator parameters (turbidity, temperature, speciflc conductance, pH. etc.) every three to five minutes (or as appropriate). Purging is complete and sampling may begin when 

--------------------------------------..... -
' ~1 /P 
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all field Indicator parameters have stabilized (variations in values are within ten percent of each other, pH + /- 0.2 units, for three consecutive readings taken at three to fNe minute intervals). If the parameters have ,stabilized, but turbidity remains above 5 NTU goal, decrease pump flow rate, and comlnue measurement of parameters every three to five minutes. If pumping rate cannot be decreased any further and stabilized turbidity values remain above 5 NTU goal record this information. Measurements of field parameters should be obtained (as per Section 5.5) and recorded. 

VOC samples are preferably collected first and dlrecUy Into pre-preserved sample containers. FBI all sample containers by allowing the pump discharge to flow gently down the inside of the container with mlnimaf turbulence. 

If the water column in the pump tubing collapses (water does not completely fill the tubing) before exiting the tubing, use one of the following procedures to coUect VOC samples: (1) Collect the non-VOCs samples first, then increase the flow rate incrementally untO the water catumn completely fills the tubing, colfect the sample and record the new flow rate; (2) reduce the diameter of the existing tubing untO the water column fills the tubing either by adding a connector (Teflon or stainless steel), or cfamp which should reduce the flow rate by constricting the end of the tubing; (3) Insert a narrow diameter Tefton tube Into the pump's tubing so that the end of the tubing is In the water column and the other end of the tubing protrudes beyond the pump's tUbing, collect sample from the narrow dlamet~r tubing. 

Prepare samples for shipping as per SOP SA-6.1. 
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ATTACHMENT A 

PURGING EQUIPMENT SELECTION 

DIaphragm Submersible Submersible Submersible Diameter Casing Bailer 
Peristaltic Vacuum 

Alr-lift "Trash" DIaphragm 8ectric 8ectric Pump Pump 
Pump Pump Pump Pump 

wI Packer 1.25-lnch Water level 
<25 feet X X X X 

Water Level 

X >25 feet 

2-lnch Water level 
X <25 feet X X X X X 

Water Level 
X X X >25 feet 

4-Inch Water level 
X <25 feet X X X X X X X 

Water Level 
X 

X >25 feet X X X 6-lnch Water level 
<25 feet X X X X 
Water Level 
>25 feet X X X 8-lnch Water level 
<25 feet X X X X 
Water Level 
>25 feet X X X 

, 
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ATTACHMENT A Ol>G> cO:n PURGING EQUIPMENT SElECnON 
»00 ccc PAGE 2 
~(i)Z Maximum =i 0 Outside Construction Uft 1982 n16~ Manufacturer Model Principle of Diameterl Materials Range Delivery Rates Price Comments g)Zirl Name INumber Operation (W/llnes and or Volumes length Tubing) (ft) (Dollars) 
Z~:n (Inches) 

G>ocn BarCad Systems, Dedicated: gas 
PE, brass, nylon, 0-150 1 liter for each Requires compressed gas; custom sizes · 0» BarCad Sampler drfve (positive 1.5/16 aluminum oxide with std. 10-15 feet of $220-350 and materials available; acts as zS: 

Inc. 
dlsplacementl tubing submergence I piezometer. cn"tJ Master Flex 7570 Portable; (not submersible) 670 ml/min AC/DC; variable speed control available; =iJn Cole-Parmer Inst. Portable peristaltic <1.0/NA TYDon*, silicone 0-30 with 7015- $500-600 other models may have different flow m Co. Sampling Pump (suction) Vlton* 20 ~um() head rates. ~ <1 .50r pp, PE, PVC, SS, 0·500 ml/mln 

AC, DC, or gasollne·drlven motors -t ECO Pump Corp. SAMPUfier Portable; venturi 0-100 depending on $400-700 m <2.0/NA Teflon-, Tenel* 
lift available; must be primed. :n 

Portable: grab 
Geltek Corp. Baller 219-4 (positive 1.66/38 Teflon· No Umlt I,075mL $126-135 Other alze. available. displacement) 

Approximately f z Dedicated; gas 
c 

GeoEnglneerlng, GEO-MONITOR drfve (positive 1.5/16 PE, PP, PVC, Probably 1 liter for each 
$185 Acta a. plezome.er; requlrel compressed !e. 3 Inc. Vitonl! 0-150 10 feet of gas. 0 c-displacement) 

III submergence :l "' , Industrial and 
Portable; 

Re~Ulre. compresaed gaa; other models 
environmental Aquarius bladder (positive 1.75/43 SS, Teflone, 

0-250 0-2.800 $1,500-
ava lable: AC, DC, manual operation 

Analysts, Inc. 
displacement) Viton- mL/mln 3,000 possible. IlEA) 

Co) 

~ 
Portable;-grab 850mL 

Requires vacuum and/or pressure from 
lEA Syringe Sampler (positive 1.75/43 SS, Teflon. No Umlt sample volum $1,100 , 

hand pump. .... displacement, e :.... Instrument Model 2600 Portable; pc, amcone, 
0-7,500 Require. compressed gas (40 psi 

Speclaltles Co. bladder (po~rve 1.75/50 Teflone, pp, PE, 0-160 $990 I (ISCO) Well Sampler displacement Detrlne, acatal ml/mln minimum). 

Keck Geophysical SP-81 Portable; helical 
SS, Tenon-, PP, IH,500 Submersible rotor (positive 1.75/25 EPDM, VltOn' 0-160 

ml/mln $3,500 DC operated. Instruments, Inc. Sampnng Pump displacement) 

~ "tI GeoAlter Small Portable; 
Requires compressed gas (55 psi III 

Leonard Mold 
SS, TeOon', pc, 0-3,500 $1,4(1). (Q and Ole Wor~, Diamet~r we~) . bladder (positive 1.75/38 Q.4OO minimum): pneumatic or AC/DC control ~. CD Inc: Pump #0500 displacement) Neop~ne· ml/mln 1,500 

module. • Oil Recovery Portable; grab 
Approximately Other matertals and models available: for 8i tJ Surface Sampler (positive 1.75/12 acryIlo, Delrln. No limit $125-160 measuring thickness of "floating· ........ CD 

Systems, Inc. 250ml 
0 ,s, 

displacement, 
contaminants. ... ~-

Dedicated; ........ I\) 
Q.E.D. Well Wizard. 

0-2,000 Require. compressed gas; piezometrIc m ..... Environmental Monitoring bladder (positive 1.66/36 PVC 0-230 ml/mln $300-400 level Indicator: other materials available. Systems, Inc. System (P-100) displacement) 

I 
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ATTACHMENT A 
PURGING EQUIPMENT SELECnON 
PAGE 3 

Maximum 
. Model Principle of Outside Conattuctlon Matedals Uft Range Delivery Rates 1982 

Manufacturer Name /Number Operation Diameter/ (w/Unes and Tubing) (tt) or Volumes Price Comments Length 
(Dollars) (Inches) 

Randolph Austin ModelSOO Portable; peristalUc (Not submerslbfe) 
$1,~ Flow rate dependent on motor and 

<O.5/NA Rubber, Tygone,or ().30 See comments tubing selected; AC operated; other 

Co. Varl-Flow Pump (suction) 
Neoprene- 1,300 models available. Robert Benne" Portable; piston 
SS, Teflon-, Delrln-

$2.600- Raqulres compressed gas; water 
Model lao (positive 1.8/22 o-soo 0-1!800 mL/mln level Indicator and flow meter; 

Co. 
displacement, PP, Vlton-, acrylic, PE 2,700 

custom models available. 
Re~ulres compressed gas; 55 

Slope indicator Model 514124 Portable; gas drive 
250mLI ava lable; piezometer model 

Pneumatic (positive 1.9/18 PVC, nvton 0-1.100 $250-350 

Co. (SINCO) 
flushing cycle available; dedicated model 

Water Sampler displacement, 

available. SWWater Portable; grab 
PVC, brass, nvton, $1,300- Requires comeresaed gas; custom 

Sollnst Canada 
(positive 1.8/27 0-330 600mL 

Ud. Sampler displacement) Neoprene-
1,800 models avail a Ie. Portable; grab 

Other sizes, materials, models 

nMCO Mfg. Co., 1.66/Cusi 
250mL/ft of 

Std. Baller (positive PVC,PP No Hmit $20-80 avaDable; optional bottom-emptylng 

Inc. 
om 

bailer 
displacement, 

device. available; no solvents used. Alr or Gaa Uft Portable; gas drtve. 
350mLI Requires compressed gas; other 

TlMCO 
Sampler (positive 1.68/30 PVC, Tygan-, teftone 0-150 nushlng cycle $10D-200 slzea, materials, models available; 

displacement) 
no solvents used. Sampling Portable; bladder 

SS, stucone, Delrlna, 
$800- Compressed gaa required: DC 

Tole Devlcn Co_ Pump (positive _ 1.38/48 Tygont 0-125 0-4,000 mL/mln 1,000 control module; custom built. 

displacement, 

ConstNction Material Abbreviation,: Other Abbreviations: 
PE Polyethylene NA NotappUcabIe PP Polypropylene AC Altematlng current PVC Polyvinyl chloride DC Direct current SS Stainless steel 
PC Polycarbonate 
EPDM Ethylene-propylene dlene (synthetic rubber) 

NOTE: Other manufacture,. market pumping devices which could be UIId far groundwater aampIing, though not expressly designed for thll purpose. The list Is not 
meant to be ali-Inclusive and listing does not constitute endorsement for use. information In the table Is from sales literature and/or personal communication. 
No skimmer. scavenger-type, or high-capaclty pumps are Included. 

Source: Barcelona et 81., 1983. 
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ATTACHMENT B 

SPECIFIC CONDUCTANCE OF 1 MOLAR Kel 
AT VARIOUS TEMPERATURES' 

Temperature (0C) Specific Conductance 
(umhos/cm) 

15 1,147 

16 1,173 

17 1,199 

18 1,225 

19 1,251 

20 1,278 

21 1,305 

22 1,332 

23 1,359 

24 1,368 

25 1,413 

26 1,441 

27 1,468 

28 1,496 

29 1,524 

30 1,552 

1 
Data derived from the International Critical 
Tables 1-3-8. 
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ATTACHMENT C 

VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER 
AS A FUNCTION OF TEMPERATURE AND SAUNllY 

DI.ssolved Oxygen (mg/L) 
Temperature 

Dlfference/ 
.. Chloride Concentration in Water (0C) 

100 mg a 5,000 10,000' 15,000 20,000 Chloride .. 
. . a 14.6 13.8 13.0 12.1 11.3 0.017 

1 14.2 13.4 12.6 11.8 11.0 0.016 . . 
. ' . 

2 13.8 13.1 12.3 11.5 10.8 0.015 
3 13.5 12.7 12.0 11.2 10.5 0.015 .. . 4 13.1 12.4 11.7 11.0 10.3 0.014 

1 5 12.8 12.1 11.4 10.7 10.0 0.014 
6 12.5 11.8 11.1 10.5 9.8 0.014 
7 12.2 11.5 10.9 10.2 9.6 0.013 
8 11.9 11.2 10.6 10.0 9.4 0.013 
9 11.6 11.0 10.4 9.8 9.2 0.012 

10 11.3 10.7 10.1 9.6 9.0 0.012 
11 11.1 10.5 9.9 9.4 8.8 0.011 
12 10.8 10.3 9.7 9.2 8.6 0.011 
13 10.6 10.1 9.5 9.0 8.5 0.011 
14 10.4 9.9 9.3 8.8 8.3 0.010 
15 10.2 9.7 . 9.1 8.6 8.1 0.010 
16 10.0 9.5 9.0 8.5 8.0 0.010 
17 9.7 9.3 8.8 8.3 7.8 0.010 
18 9.5 9.1 8.6 8.2 7.7 0.009 
19 9.4 8.9 8.5 8,0 7.6 0.009 
20 9.2 8.7 8.3 7.9 7.4 0.009 
21 9.0 8.6 8.1 7.7 7.3 0.009 
22 8.8 8.4 8.0 7.6 7.1 0.008 
23 8.7 8.3 7.9 7.4 7.0 0.008 
24 8.5 8.1 7.7 7.3 6.9 0.008 
25 8.4 8.0 7.6 7.2 6.7 0.008 
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ATTACHMENT C 
VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER 
AS A FUNCTION OF TEMPERATURE AND SAUNITY 
PAGE1WO 

Dissolved Oxygen (mg/L) 

I Temperature 
Chloride Concentration in Water Difference / .-

(0C) 
100 mg 

0 5,000 10,000 15,000 20,000 Chloride 
I. 26 8.2 7.8 7.4 7.0 6.6 0.008 

27 8.1 7.7 7.3 6.9 6.5 0.008 r 28 7.9 7.5 7.1 6.8 6.4 0.008 
29 7.8 7.4 7.0 6.6 6.3 0.008 

J 
30 7.6 7.3 6.9 6.5 6.1 0.008 
31 7.5 

32 7.4 

I 33 7.3 

34 7.2 

I 35 7.1 
- -. 

36 7.0 

37 6.9 

38 6.B 

39 6.7 

40 6.6 

I 
!- 41 6.5 

42 6.4 

43 6.3 

44 6.2 

45 6.1 , 
46 6.0 

47 5.9 
; 4B 5.B , 

I 
49 5.7 

50 5.6 
1 
1 

Note: In a chloride solution, conductivity can be roughly related to chloride concentration 
(and therefore. used to correct measured 0.0. concentration) using Attachment B. 

-
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This procedure discusses the methods used to collect surface, near surface, and subsurface soil samples. Additionally. it describes the method for sampling of test pits and trenches to determine subsurface soil and rock conditions, and recover small-volume or bulk samples. 

2.0 SCOPE 

This procedure is applicable to the collection of surface, near surface and subsurface SOils for laboratory testing, which are exposed through hand digging, hand augering, drilling, or machine ... excavating at hazardous substance sites. . 

3.0 GLOSSARY 

Comoosite Sample - A composite sample exists as a combination of more than one sample at various locations andlor depths and times, which is homogenized and treated as one sample. This type of sample is usually collected when determination of an average waste concentration for a specific area is required. Composite samples are !lQ! to be collected for volatile organics analysis. 

Grab Sample - One sample collected at one location and at one specific time. 

Non-Volatile Sample - A non-volatile sample includes all other chemical parameters (e.g., semivolatiles, pesticides/PCBs, metals. etc.) and those engineering parameters that do not require undisturbed soil for their analysis. 

Hand Auger - A sampling device used to extract soil from the ground in a relatively undisturbed form. 

Thin-Walled Tube Sampler - A thin-walled metal tube (also caJled a Shelby tube) used to recover relatively undisturbed soil samples. These tubes are available in various sizes, ranging from 2 to 5 inches outside diameter (00) and from 18 to ~4 inches in length. 

Split-Barrel Sampler - A steel tube, split in half lengthwise, with the halves held together by threaded col/ars at either end of the tube. Also called a split-spoon sampler, this device can be driven into resistant materials using a drive weight mounted in the drilling string. A standard split­barrel sampler is typically available in two common lengths. providing either 20-inch or 26-inch longitudinal clearance for obtaining 18-inch or 24-inch-long samples, respectively. These split­barrel samplers commonly range in size from 2-inch 00 to 3~112 inch 00. The larger sizes are commonly used when a larger volume of sample material is required. 

Test Pit and Trench - Open, shallow excavations, typically rectangular (if a test pit) or longitudinal (if a trench). excavated to detennine the shallow subsurface conditions for engineering, geological, and soil chemistry exploration andlor sampling purposes. These pits are excavated manually or by machine (e.g., backhoe. clamshell, trencher excavator, or bulldozer). 

Confined Space - As stipulated in 29 CFR 1910.146, a confined space means a space that 1) is large enough and so configured that an employee can bodily enter and perfonn assigned work; 2) has limited or restricted means for entry or exit (for example tanks, vessels, silos, storage bins, hoppers, vaults, and pits. and excavations are spaces that may have limited means of entry.); and 3) is not designed for continuous employee occupancy. Brown & Root Envi.ronmental considers all confined space as pennit-required confined spaces. 

Q196111P 
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Project Manager - The Project Manager is responsible for determining sampling objectives, as well as, the field procedures used in the collection of soil samples. Additionally, in consultation with other project personnel (geologist, hydrogeologist etc.), the Project Manager establishes the need for test pits or trenches, ~nd determines their approximate locations and dimensions. 

Site Safety Officer (SSO) - The SSO (or a qualified designee) is responsible for providing the technical support necessary to implement the project Health and Safety Plan. This will indude (but not be limited to) performing air quality monitoring during sampling, boring and excavation activities, and to ensure that workers and offsite (downwind) individuaJs are not exposed to hazardous levels of airbome contaminants. The SSO/designee may also be required to advise the FOL on other safety-related matters regarding boring, excavation and sampling, such as mitigative measures to address potential hazards from unstable trench walls, puncturing of drums or other hazardous objects, etc. 

Field Operations Leader (FOll - The FOL is responsible for finalizing the location of surface, near surface, and subsurface (hand and machine borings, test pits/trenches) soil samples. He/she is ultimately responsible for the sampling and backfilling of boreholes, test pits and trenches, and for adherence to OSHA regulations during these operations. 

Project Geologist/Sampler - The project geologist/sampler is responsible for the proper acquisition of soil samples and the completion of all required paperwork (i.e., sample log sheets, field notebook, boring logs, test pit logs, container labels, custody seals, and chain-of-custody forms). 

Competent Person - A Competent Person, as defined in 29 CFR 1929.650 of Subpart P -Excavations, means one who is capable of identifying existing and predictable hazards in the surroundings, or working conditions which are unsanitary, hazardous, or dangerous to employees, and who has authOrization to take prompt corrective measures to eliminate them. 

5.0 PROCEDURES 

5.1 Overview 

Soil sampling is an important adjunct to groundwater monitOring. Sampling of the soil horizons above the groundwater table can detect contaminants before they have migrated into the water table, and can establish the amount of contamination sorbed on aquifer solids that have the potential of contributing to groundwater contamination. 

Soil types can vary considerably on a hazardous waste site. These variations, along with vegetation, can effect the rate of contaminant migration through the soil. It Is important therefore, that a detailed record be maintained during the sampling operations, particularly noting the location, depth, and such characteristics as grain size, color, and odor. Subsurface conditions are often stable on a daily basis and may demonstrate only slight seasonal variation especially with respect to temperature, available oxygen and light penetration. Changes in any of these conditions can radically alter the rate of chemical reactions or the associated microbiological community, thus further altering specific site conditions. As a result, samples must be kept at their at-depth temperature or lower, protected from direct light. sealed tightly in approved glass containers and be analyzed as soon as possible. 

019611/P 
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The physical properties of the soil, its grain size, cohesiveness, associated moisture, and such factors as depth to bedrock and water table. will limit the depth from which samples can be collected and the method required to collect them. Often this information on soil properties can be obtained from published soil surveys available through the U.S. Geological Surveys and other government or farm agencies. It is the intent of this procedure to present the most commonly employed soil sampling methods used at hazardous waste sites. 

5.2 Soil Sample Collection 

5.2.1 Procedure for Collecting Soil Samples for Volatile Organic Compounds 

The above described traditional sampling techniques, used for the collection of soil samples for volatile organic analysis have recently been evaluated by the scientific community and determined to be ineffective in producing accurate results (biased low) due "to the loss of volatile organics in the sampling stages and microbial degradation of aromatic volatiles. One of the newly adopted sampling procedures for collecting soil samples include the field preservation of samples with methanol or sodium bisulfate to minimize volatilization and biodegradation. These preservation methods may be performed either in the field or laboratory, depending on the sampling methodology employed. 

Soil samples to be preserved by the laboratory are currently being performed using method SW-846, 5035. Laboratories are currently performing low level analyses (sodium bisulfate preservation) and high level analyses (methanol preservation) depending on the end users needs. 

It should be noted that a major disadvantage of the methanol preservation method is that the laboratory reporting limits will be higher than conventional testing. The reporting levels using the new method for most analytes is 0.5 ~glg for GCIMS and 0.05 ~glg for GC methods. 

The alternative preservation method for collecting soil samples is with sodium bisulfate. This method is more complex to perform in the field and therefore is not preferred for field crews. It should also be noted that currently, not all laboratories have the capabilities to perform this analYSis. The advantage to this method is that the reporting limits ( 0.001 ~g/g for GC/PID or GC/ELCD, or 0.010 for GCIMS) are lower than"those described above. 

The fol/owing procedures outline the necessary steps for collecting soil samples to be preserved at the laboratory. and for collecting soil samples tQ . be preserved in the field with methanol or sodium bisulfate. . 

5.2.1.1 Soil Samples to be Preserved at the laboratory • 

Soil samples collected for volatile organics that are to be preserved at the laboratory will be obtained using a hermetically sealed sample vial such as an enCore TM sampler. Each sample will be obtained using a reusable sampling handle provided with the enCore TM sampler. The sample is collected by pushing the enCore TM sampler directly into the soil, ensuring that the sampler is packed tight with soil, leaving zero headspace. Using this type of sampling device eliminates the need for field preservation and the shipping restrictions associated with preservatives. 

Once the sample is collected, it should be placed on ice immediately and shipped to the laboratory within 48 hours (following the chain-of-custody and documentation procedures outlined in SOP SA-6.1). Samples must be preserved by the laboratory within 48 hours of sample collection. 

019611/P 
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If the lower detection limits are necessary, an option would be to collect 3 EnCore 1M samplers at a given sample location. Send all samplers to the laboratory and the laboratory can perform the required preservation and analyses. 

5.2.1.2 Soil Samples to be Preserved in the Field 

Soil samples preserved in the field may be prepared for analyses using both the low-level (sodium bisulfate preservation) method and medium-level (methanol preservation) method. -

Methanol Preservation (Medium Level): 

Soil samples to be preserved in the field with methanol will utilize 40-60 mL glass vials with septum /ids. Each sample bottle will be filled with 25 mL of demonstrated analyte-free purge and trap grade methanol. Bottles may be prespiked with methanol in the laboratory or prepared in the field. 

Soil will be collected with the use of a decontaminated (or disposable), small-diameter coring device such as a disposable tube/plunger-type syringe with the tip cut off. The outside diameter of the coring device must be smaller than the inside diameter of the sample bottle neck. 

A small electronic balance or manual scale will be necessary for measuring the volume of soil to be added to the methanol preserved sample bottle. Calibration of the scale should be performed prior to use and intennittently throughout the day according to the manufacturers reqUirements. 

The sample should be collected by pulling the plunger back and inserting the syringe into the soil to be sampled. The top several inches of soil should be removed before collecting the sample. Approximately 10 grams !2g (8-12 grams) of soil should be collected. The sample should be weighed and adjusted until obtaining the required amount of sample. The sample weight should be recorded to the nearest 0.01 gram in the field logbook andlor sample log sheet The soil should then be extruded into the methanol preserved sample bottle taking care not to contact the sample container with the syringe. The threads of the bottle and cap must be free of soil particles. 

After capping the bottle, swirl the sample (do not shake) in the methanol and break up the soil such that all of the soil is covered with methanol. Place the sample on ice immediately and prepare for shipment to the laboratory as described in SOP SA-6.1. 

I Sodium Bisulfate Preservation (low Leven: 

I 
Samples to be preserved using the sodium bisulfate method are to be prepared as follows: 

Add 1 gram of sodium bisulfate to 5 mL of laboratory grade deionized water in a 40-60 mL glass vial with septum lid. Bottles may be prespiked in the laboratory or prepared in the field. The soil sample should be collected in a manner as described above and added to the sample container. The sample should be weighed to nearest 0.01 gram as described above and recorded in field logboo,k or sample log sheet 

. Care should be taken when adding the soil to the sodium bisulfate solution. A chemical reaction of soils containing carbonates (limestone) may cause the sample to effervescent or the vial to possibly explode. 

When preparing samples using the sodium bisulfate preservation method, duplicate samples must be collected using the methanol preservation method on a one for one sample basis. The reason 
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for this is because it is necessary for the laboratory to perform both the low level and medium 
level analyses. Place the sample on ice immediately and prepare for shipment·to the laboratory as 
described in SOP SA-6.1. 

If the lower detection limits are necessary, an option to field preserving with sodium bisulfate 
would be to collect 3 EnCore N samplers at a given sample location. Send all samplers to the 
laboratory and the laboratory can perform the required preservation and analyses. 

5.2.2 Procedure for Collecting Non-Volatile Soil Samples 

Non-volatile soil samples may be collected as either grab or composite samples. The non-volatile 
soil sample is thoroughly mixed in a stainless steel or disposable, inert plastic tray, using a 
stainless steel trowel or other approved tool, then transferred into the appropriate sample 
container(s). Head space is permitted in a non-volatile soil sample container to allow for sample 
expansion. 

5.2.3 Procedure for Collecting Undisturbed Soil Samples (ASTM 01587-83) 

When it is necessary to acquire undisturbed samples of soil for purposes of engineering 
parameter analysis (e.g., permeability), a thin-walled, seamless tube sampler (Shelby tube) will be 
employed. The foJ/owing method will be used: 

1. Remove all surface debris (e.g., vegetation, roots, twigs, etc.) from the specific sampling 
location and drill and clean out the borehole to the sampling depth, being careful to minimize 
the chance for disturbance of the material to be sampled. In saturated material, withdraw the 
drill bit slowly to prevent loosening of the soil around the borehole and to maintain the water 
level in the hole at or above groundwater level. 

2. The use of bottom discharge bits or jetting through an open-tube sampler to dean out the 
borehole shall not be allowed. Use of any side-discharge bits is permitted. 

3. A stationary piston-type sampler may be required to limit sample disturbance and aid in 
retaining the sample. Either the hydraulically operated or control rod activated-type of 
stationary piston sampler may be used. Prior to inserting the tube sampler into the borehole, 
check to ensure that the sampler head contains a check valve. The check valve is necessary 
to keep water in the rods from pushing the ~ample out the tube sampler during sample 
withdrawal and to maintain a suction within the tube to help retain the sample. 

, 
4. To minimize chemical reaction between the sample and the sampling tube, brass tubes may 

be required, especially if the tube is stored for an extended time prior to testing. While steel 
tubes coated with shellac are less expensive than brass, they're more reactive, and shall only 
be used when the sample will be tested within a few days after sampling or if chemical 
reaction is not antiCipated. With the sampling tube resting on the bottom of the hole and the 
water level in the baring at groundwater level or above, push the tube into the soil by a 
continuous and rapid motion, without impacting or twisting. In no case shall the tube be 
pushed farther than the length provided for the soil sample. Allow about 3 Inches in the tube 
for cuttings and sludge. 

S. Upon removal of the sampling tube from the hole, measure the length of sample in the tube 
and also the length penetrated. Remove disturbed material in the upper end of the tube and 
measure the length of sample again. After removing at least an inch of soil from the lower 
end and after inserting an impervious disk, seal both ends of the tube with at least a 112-inch 

.... 
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thickness of wax applied in a way that will prevent the wax from entering the sample. Crean finer must be placed in voids at either end of the tube prior to sealing with wax. Place plastic caps on the ends of the sample tube, tape the caps in place, and dip the ends in wax. 

6. Affix label(s) to the tube as required and record sample number, depth, penetration, and recovery length on the label. Mark the "up" direction on the side of the tube with indelible ink, and mark the end of the sample. Complete Ch~in-of-Custody and other required forms (see SOP SA-6.3). Do not allow tubes to freeze, and store the samples vertically with the same orientation they had in the ground, (i.e., top of sample is up) in a cool place out of the sun at an times. Ship samples protected with suitable resilient packing material to reduce shock, vibration, and disturbance. 

Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the soil to be sampled. Often, very loose and/or wet samples cannot be retrieved by the samplers, and soils with a consistency in excess of very stiff cannot be penetrated by the sampler. Devices such as Dennison or Pitcher core samplers can be used to obtain undisturbed samples of stiff soils. Using these devices normally increases sampling costs, and therefore their use shall be weighed against the need for acquiring an undisturbed sample. 

5.3 Surface Soil Sampling 

The simplest most direct method of coUecting surface soil samples (most commonly coUected to a depth of 6 inches) for subsequent analysis is by use of a stainless steel trowel. 

In general, the following equipment is necessary for obtaining surface soil samples: 

• Stainless steel trowel. 
• Real-time air monitoring instrument (e.g., PIO, FlO, etc.). 
• Latex gloves. 
• Required Personal Protective Equipment (PPE). 
• Required paperwork. 
• Required decontamination equipment. 
• Required sample container(s). 
• Wooden stakes or pin flags. 
• Sealable polyethylene bags (i.e., Ziploc baggies). 
• Heavy duty cooler. 
• Ice (if required) double-bagged in sealable polyethylene bags. 
• Chain-of-custody records and custody seals. , 

When acquiring surface soil samples, the following procedure shall be used: 

1. CarefuUy remove vegetation, roots, twigs, litter, etc., to expose an adequate soil surface area to accommodate sample volume requirements. 

2. Using a decontaminated stainless steel trowel, follow the procedure cited in Section 5.2.1 for coUecting a volatile soil sample. 

3. Thoroughly mix (in-situ) a sufficient amount of soil to fill the remaining sample containers and transfer the sample into those containers utilizing the same stainless steel trowel employed above. Cap and securely tighten all sample containers. 
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4. Affix a sample label to each container. Be sure to fill out each label carefully and clearly, addressing all the categories described in SOP SA-6.3. 

5. Proceed with the handling and processing of each sample container as described in SOP SA-6.2. 

5.4 Near-Surface Soil Sampling 

Collection of samples from near the surface (depth of 6-18 Inches) can be accomplished with tools such as shovels and stainless steel trowels. . 

The following eqUipment is necessary to collect near surface soil samples: 

• Clean shovel. 
• Plus the eqUipment listed under Section 5.3 of this procedure. 

To obtain near-surface soil samples, the following protocol shall be observed: 

1. With a clean shovel, make a series of vertical cuts to the depth required in the soil to form a square approximately 1 foot by 1 foot 

2. Lever out the formed plug and scrape the bottom of the freshly dug hole with a decontaminated stainless steel trowel to remove any loose soil. 

3. Follow steps 2 through 5 listed under Section 5.3 of this procedure. 

5.5 ' Subsurface Soil Sampling With a Hand Auger 

A hand augering system generally consists of a variety of all stainless steel bucket bits (I.e., cylinders 6-112"'ong, and 2-3/4", 3-1/4", and 4"ln diameter), a series of extension rods (available in 2',3',4' and 5' lengths), and a cross handle. A larger diameter bucket bit is commonly used to bore a hole to the desired sampling depth and then withdrawn. In tum, the larger diameter bit is replaced with a smaller diameter bit, lowered down the hole, and slowly tumed into the soil at the completion depth (approximately 6j. The apparatus is then withdrawn and the soil sample collected. 

The hand auger can be used in a wide variety of soil conditions. It can be used to sample soil both from the surface, or to depths in excess of 12 feet However, the presence of rock layers and the collapse of the borehole normally contribute to its limiting factors. 

To accomplish soil sampling usil1g a hand augering system, the following equipment is required: 

• Complete hand auger assembly (variety of bucket bit sizes). 
• Stainless steel mixing bowls. 
• Plus the equipment listed under Section 5.3 of this procedure. 

To obtain soil samples using a hand auger, the following procedure shall be followed: 

1. Attach a property decontaminated bucket bit to a clean extension rod and further attach the cross handle to the extenSion rOd. 

2. Clear the area to be sampled of any surlace debris (vegetation, twigs, rocks, litter, etc.). 
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3. Begin augering (periodically removing accumulated sOils from the bucket bit) and add additional rod extensions as necessary. Also, note (in a field notebook or on standardized data sheets) any changes in the color, texture or odor of the soil. 

4. After reaching the desired depth, slowly and carefully withdraw the apparatus from the borehole. 

5. Remove the soiled bucket bit from the rod extension and replace it with another properly decontaminated bucket bit The bucket bit used for sampling is commonly smaller in diameter than the bucket bit employed to initiate the borehole. 

6. Carefully lower the apparatus down the borehole. Care must be taken to avoid scraping the borehole sides. 

7. Slowly tum the apparatus until the bucket bit is advanced approximately 6 inches. 

8. Discard the top of the core (approximately 1"), which represents any loose material collected by the bucket bit before penetrating the sample material. 

9. Fill volatile sample container(s}, using a properly decontaminated stainless steel trowel, with sample material directly from the bucket bit. Refer to Section 5.2.1 of this procedure. 

10. Utilizing the above trowel, remove the remaining sample material from the bucket bit and place into a properly decontaminated stainless steel mixing bowl and thoroughly homogenize the sample material prior to filling the remaining sample containers. Refer to Section 5.2.2 of this procedure. 

11. Follow steps 4 and 5 listed under Section 5.3 of this procedure. 

5.6 Subsurface Soil Sampling With a Split-Barret Sampter (ASTM 01586-84) 

Split-barrel (split-spoon) samplers consist of a heavy carbon steel or stainless steel sampling tube that can be split into two equal halves to reveal the soil sample (see Attachment A). A drive head is attached to the upper end of the tube and serves as a point of attachment for the drill rod. A removable tapered nosepiece/drive shoe attaches to the lower end of the tube and facilitates cutting. A baSket-like sample retainer can be fitted to the lower end of the split tube to hold loose, dry soil samples in the tube when the sampler is removed ,from the drill hole. This split-barrel sampler is made to be attached to a drill rod and forced into the ground by means of a 140-lb. or larger casing driver. 

Split-barrel samplers are used to collect soil samples from a wide variety of soil types and from depths greater than those attainable with other soil sampling equipment. 

The following eqUipment is used for obtaining split-barrel samples: 

• Drilling equipment (provided by subcontractor). 

• Split-barrel samplers (0.0. 2 inches, 1.0. 1-3/8 inches, either 20 inches or 26 inches long); Larger 0.0. samplers are available if a larger volume of sample is needed. 

• Drive weight assembly, 140-lb. weight, driving head and guide permitting free fall of 30 inches. 
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1. Remove the drive head and nosepiece, and open the sampler to reveal the soil sample. Immediately scan the sample core with a real-time air monitoring instrument (e.g., OVA, HNu, etc.). Carefully separate the soil core, with a de<:antaminated stainless steel knife or trowel, at about 6-inch intervals while scanning the center of the core for elevated readings. Also scan stained soil, soil lenses, and anomalies (if present), and record readings. 

2. Collect the volatile sample from the center of the core where elevated readings occurred. If no elevated readings where encountered the sample material should still be collected from the core's center (this area represents the least disturbed area with minimal atmospheric contact). Refer to Section 5.2.1 of this procedure. 

3. Using the same trowel, remove remaining sample material from the split-barrel sampler (except for the small portion of disturbed soil usually found at the top of the core sample) and place the soil into a decontaminated stainless steel mixing bowl. . Thoroughly homogenize the sample material prior to filling the remaining sample containers. Refer to Section 5.2.2 of this procedure. 

4. Follow steps 4 and 5 listed under Section 5.3 of this procedure. 

5.7 excavation and Sampling of Test Pits and Trenches 

5.7.1 Applicability 

This subsection presents routine test pit or trench excavation techniques and specialized techniques that are applicable under certain conditions. 

During the excavation of trenches or pits at hazardous waste sites, several health and safety concems arise which control the method of excavation. No personnel shall enter any test pit or excavation except as a last resort, and then only un~er direct supervision of a Competent Person (as defined in 29 CFR 1929.650 of Subpart P - Excavations). Whenever possible, au required chemical and lithological samples should be col/ected using the excavator bucket or other remote sampling apparatus. If entrance is still required, all test pits or excavations must be stabilized by bracing the pit sides using specifically designed wooden or steel support structures. Personnel entering the excavation may be exposed to toxic or explosive gases and oxygen-deficient environments. Any entry may constitute a Confined Space and must be done in conformance with all applicable regulations. In these cases, substantial air monitoring is required before entry, and appropriate respiratory gear and protective clothing is mandatory. There must be at least two persons present at the immediate site before entry by one of the investigators. The reader shall refer to OSHA regulations 29 CFR 1926, 29 CFR 1910.120, 29 CFR 1910.134, AND 29 CFR 1910.146. 

Excavations are generally not practical where a depth of more than about 15 feet is desired, and they are usually limited to a few feet below the water table. In some cases, a pumping system may be required to control water levels within the pit, providing that pU~Ped water can be 
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adequately stored or disposed. If data on soils at depths greater than 15 feet are required, the data are -usually obtained through test borings instead oftest pits. 

In addition, hazardous wastes may be brought to the surface by excavation equipment This material, whether removed from the site or returned to the subsurface, must be properly handled according to any and all applicable federal, state, and local regulations. 

5.7.2 Test Pit and Trench excavation 

These procedures describe the methods for excavating and logging test pits and trenches excavated to determine subsurface soil and rock conditions. Test pit operations shall be logged and documented as described in SOP SA-6.3. 

Test pits and trenches may be excavated by hand or by power equipment to permit detailed description of the nature and contamination of the in-situ materials. The size of the excavation will depend primarily on the following: 

• The purpose and extent of the exploration. 
• The space required for effiCient excavation. 
• The chemicals of concern. 
• The economics and effiCiency of available equipment. 

Test pits normally have a cross section that is 4 to 10 feet square; test trenches are usually 3 to 6 feet wide and may be extended for any length required to reveal conditions along a specific line. The following table, which is based on equipment efficiencies, gives a rough guide for design consideration: 

eqUipment Typical Widths, in Feet . 
Trenching machine 2 
Backhoe 2-6 

Track dozer 10 

Track loader 10 
Excavator 10 
Scraper 20 , 

The lateral limits of excavation of trenches and the position of test pits shall be carefully marked on area base maps. If precise positioning is required to indicate the location of highly hazardous waste materials, nearby utilities, or dangerous conditions, the limits of the excavation shall be surveyed. Also, if preCise determination of the depth of buried materials is needed for design or environmental assessment purposes, the elevation of the ground surface at the test pit or trench location shall also be determined by survey. If the test pit/trench will not be surveyed immediately, it shall be backfilled and its position identified with stakes placed in the ground at the margin of the excavation for later surveying. 

The construction of test pits and trenches shall be planned and deSigned in advance as much as possible. However, field conditions may necessitate revisions to the initial plans. The final depth and construction method shall be determined by the field geologist The actual layout of each test pit, temporary staging area and spoils pile will be predicated based on site conditions and wind 
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direction at the time the test pit is made. Prior to excavation, the area can be surveyed by magnetometer or metal detector to identify the presence of underground utilities or drums. 

As mentioned previously, no personnel shall enter any test pit or excavation except as a last resort, and then only under direct supervision of a Competent Person. If entrance is still required, Occupational Safety and Health Administration (OSHA) requirements must be met (e.g., walls must be braced with wooden or steel braces, ladders must be in the hole at all times, and a temporary guardrail must be placed along the surface of the hole before entry). It Is emphasized that the project data needs should be structured such that required samples can be collected without requiring entrance into the excavation. For. example, samples of leachate, groundwater, or sidewall soils can be taken with telescoping poles, etc. 

Dewatering may be required to assure the stability of the side walls, to prevent the bottom of the pit from heaving, and to keep the excavation dry. This is an important consideration for excavations in cohesionless material below the groundwater table. Uquids removed as a result of dewatering operations must be handled as potentially contaminated materials. Procedures for the collection and disposal of such materials should be discussed in the site-specific project plans. 

5.7.3 Sampling in Test Pits and Trenches 

5.7.3.1 General 

Test pits and trenches are usually logged as they are excavated. Records of each test pit/trench will be made as described in SOP SA-6.3. These records include plan and profile sketches of the test pit/trench showing materials encountered, their depth and distribution in the pit/trench, and sample locations. These records also include safety and sample screening information. 

Entry of test pits by personnel is extremely dangerous, shall be avoided unless absolutely necessary. and can occur only after all applicable Health and Safety and OSHA requirements have been met 

The final depth and type of samples obtained from each test pit will be determined at the time the test pit is excavated. SUfficient samples are usually obtained and analyzed to quantify contaminant distribution as a function of depth for each test pit. Additional samples of each waste phase and any fluids encountered in each test pit may also be collected. 

In some cases, samples of soil may be extracted frOm the test pit for reasons other than waste sampling and chemical analysis, for instance, to obtain geotechnical information. Such information would include soil types, stratigraphy, strength, . etc., and could therefore entail the collection of disturbed (grab or bulk) or relatively undisturbed (hand-carved or pushed/driven) samples, which can be tested for geotechnical properties. The purposes of such explorations are very similar to those of shallow exploratory or test borings, but often test pits offer a faster, more cost-effective method of sampling than installing borings. 

5.7.3.2 Sampling Equipment 

The following equipment is needed for obtaining samples for chemical or geotechnical analysis from test pits and trenches: 

• Backhoe or other excavating machinery. 

• Shovels, picks and hand augers, stainless steel trowels. 
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• Sample container - bucket with locking lid for large samples; appropriate bottleware for 
chemical or geotechnical analysis samples. 

• Polyethylene bags for enclosing sample containers; buckets. 

• Remote sampler consisting of 10-foot sections of steel conduit (1-inch-diameter), hose clamps 
and right angle adapter for conduit (see Attachment 8). 

5.7.3.3 Sampling Methods 

The methods discussed in this section refer to test pit sampling from grade level. If test pit entry is 
required, see Section 5.7.3.4. 

• Excavate trench or pit in several depth increments. After each increment, the operator will 
wait while the sampler inspects the test pit from grade level to decide if conditions are 
appropriate for sampling. (Monitoring of volatiles by the sse will also be used to evaluate the 
need for sampling.) Practical depth increments range from 2 to 4 feet. 

• The backhoe operator, who will have the best view of the test pit, will immediately cease 
digging it 

• Any fluid phase or groundwater seepage is encountered in the test pit. 

• Any drums, other potential waste containers, obstructions or utility lines are encountered. 

• Distinct changes of material are encountered. 

This action is necessary to permit proper sampling of the test pit and to prevent a breach of safety 
protocol. Depending upon the conditions encountered, it may be required to excavate more 
slowly and carefully with the backhoe. 

For obtaining test pit samples from grade level, the following procedure shall be followed: 

• Remove loose material to the greatest extent possible with backhoe. 

• Secure walls of pit if necessary. (There is seldom any need to enter a pit or trench which 
would justify the expense of shoring the walls. All observ.ations and samples should be taken 
from the ground surface.) . 

• Samples of the test pit material are to be obtained either directly from the backhoe bucket or 
from the material once it has been depOSited on the ground. The sampler or Field Operations 
Leader directs the backhoe operator to remove material from the selected depth or location 
within the test pit/trench. The bucket is brought to the surface and moved away from the pit. 
The sampler andlor sse then approaches the bucket and monitors its contents with a 
photoionization or flame ionization detector. The sample is collected from the center of the 
bucket or pile and placed in sample containers using a decontaminated stainless steel trowel 
or spatula. 

• If a composite sample is desired, several depths or locations within the pit/trench are selected 
and a bucket is filled from each area. It is preferable to send individual sample bott/es filled 
from each bucket to the laboratory for compositing under the more controlled laboratory 
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conditions. However, if compositing in the field is required, each sample container shall be filled' from materials that have been transferred into a mixing bucket and homogenized. Note that homogenization/compositing is not applicable for samples to be subjected to volatile organic analysis. 

• Using the remote sampler shown in Attachment B, samples can be taken at the desired depth from the side wall or bottom of the pit The face of the pitltrench shall first be scraped (using a long-handled shovel or hoe) to remove the smeared zone that has contacted the backhoe bucket The sample shall then be collected directly into the sample jar, by scraping with the jar edge, eliminating the need to utilize samplers and minimizing the likelihood of cross­contamination. The sample jar is then capped, removed from the assembly, and packaged for shipment 

• Complete documentation as described in SOP SA-6.3. 

5.7.3.4 In-Pit Samoling 

Under rare conditions, personnel may be required to enter the test pitltrench. This is necessary only when soil conditions preclude obtaining suitable samples from the backhoe bucket (e.g., excessive mixing of soils or wastes within the test pitltrench) or when samples from relatively small discrete zones within the test pit are required. This approach may also be necessary to sample any seepage occurring at discrete levels or zones in the test pit that are not accessible with remote samplers. 

In general, personnel shall sample and log pits and trenches from the ground surface, except as provided for by the following criteria: 

• There is no practical alternative means of obtaining such data. 

• The Site Safety Officer and Competent Person determines that such action can be accomplished without breaching site safety protocol. This determination will be based on actual monitoring of the pit/trench after it is dug (including, at a minimum, measurements of VOlatile organics, explosive gases and available oxygen). 

• A Company-designated Competent Person determines that the pit/trench is stable or is made stable (by grading the sidewalls or using shoring) prior to entrance of any personnel. OSHA requirements must be strictly observed. 

If these conditions are satiSfied, one person will enter the pit/trench. On potentially hazardous waste sites, this individual will be dressed in safety gear as required by the conditions in the pit, usually level B. He/she will be affixed to a safety rope and continuously monitored while in the pit. 

A second individual will be fully dressed in protective clothing including a self-contained breathing device and on standby during all pit entry operations. The individual entering the pit will remain therein for as brief a period as practical, commensurate with performance of his/her work. After removing the smeared zone, samples shall be obtained with a decontaminated trowet or spoon. As an added precaution, it is advisable to keep the backhoe bucket in the test pit when personnel are working below grade. Such personnel can either stand in or near the bucket while performing sample operations. In the event of a cave-in they can either be lifted clear in the bucket or at least climb up on the backhoe arm to reach safety. . :. . .. 
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In addition to the equipment described in Section 5.7.3.2, the following equipment is needed for geotechnical sampling: 

• Soil sampling equipment, similar to that used in shallow drilled boring (i.e., open tube samplers), which can be pushed or driven into the floor of the test pit. 
• Suitable driving (i.e., a sledge hammer) or pushing (i.e., the backhoe bucket) equipment which is used to advance the sampler into the soil. 

• Knives, spatulas, and other suitable devices for trimming hand-carved samples. 
• Suitable containers (bags, jars, tubes, boxes, etc.), labels, wax, etc. for holding and safely transporting collected soil samples. 

• Geotechnical equipment (pocket penetrometer, torvane, etc.) for field testing collected soil samples for classification and strength properties. 

Disturbed grab or bulk geotechnical soil samples may be collected for most soils in the same manner as comparable soil samples for chemical analysis. These collected samples may be stored in jars or plastic-lined sacks (larger samples), which will preserve their moisture content Smaller samples of this type are usually tested for their index properties to aid in soil identification and classification, while larger bulk samples are usually required to perform compaction tests. 
Relatively undisturbed samples are usually extracted In cohesive soils using open tube samplers, and such samples are then tested in a geotechnical laboratory for their strength, permeabftily and/or compressibility. The techniques for extracting and preserving such samples are similar to those used in performing Shelby tube sampling in borings, except that the sampler is advanced by hand or backhoe, rather than by a drill rig. Also, the sampler may be extracted from the test pit by excavation around the sampler when it Is difficult to pull it out of the ground. If this excavation requires ently of the test pit, the requirements described in Section 5.7.3.4 of this procedure must be followed. The open tube sampler shall be pushed or driven vertically into the floor or steps excavated in the test pit at the desired sampling elevations. Extracting tube samples hOrizontally from the walls of the test pit is not appropriate, because the sample will not have the correct orientation. 

A sledge hammer or the backhoe may be used to drive or push the sampler or tube into the ground. Place a piece of wood over the top of the sampler or sampling tube to prevent damage during driving/pushing of the sample. Pushing the sampler with a constant thrust is always preferable to driving it with repeated blows, thus minimizing disturbance to the sample. If the sample cannot be extracted by rotating it at least two revolutions (to shear off the sample at the bottom), hand-excavate to remove the soil from around the sides of the sampler. If hand­excavation requires entry of the test pit, the requirements in Section 5.7.3.4 of this procedure must be followed. Prepare, label, pack and transport the sample in the required manner, as described in SOP SA-6.3. 

5.7.4 Backfilling of Trenches and Test Pits 

I 
All test pits and excavations must be either backfilled, covered, or otherwise protected at the end of each day. No excavations shall remain open during non working hours unless adequately covered or otherwise protected. 
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Before backfilling, the onsite crew shall photograph all significant features exposed by the test pit and trench and shall include in the photograph a scale to show dimensions. Photographs of test pits shall be marked to include site number, test pit number, depth, description of feature, and date of photograph. In addition. a geologic description of each photograph shall be entered in the site logbook. All photographs shall be indexed and maintained as part of the project file for future reference. 

After inspection, backfill material shall be returned to the pit under the direction of the FOl. 

If a low permeability layer is penetrated (resulting in groundwater flow from an upper contaminated flow zone into a lower uncontaminated flow zone), backfill material must represent original conditions or be impermeable. Backfill could consist of a soil-bentonite mix prepared in a proportion specified by the FOl (representing a permeability equal to or less than original conditions). Backfill can be covered by "clean" soil and graded to the original land contour. Revegetation of the disturbed area may also be required. 

5.8 Records 

The appropriate sample log sheet (see SOP SA-6.3; Field Documentation) must be completed by the site geologist/sampler. All soil sampling locations must be documented by tying in the location of two or more nearby permanent landmarks (building. telephone pole, fence, etc.) and shall be noted the appropriate sample log sheet, site map, or field notebook. Surveying may also be necessary, depending on the project requirements. 

Test pit logs (see SOP SA-6.3; Field Documentation) shall contain a sketch of pit conditions. In addition, at least one photograph with a scale for comparison shall be taken of each pit Induded in the photograph shall be a card shOWing the test pit number. Boreholes, test pits and trenches shall be logged by the field geologist in accordance with SOP GH-1.S. 

Other data to be recorded in the field logbook include the following: 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
6.0 

Name and location of job. 
Date of boring and excavation. 
Approximate surface elevation. 
Total depth of boring and excavation. 
Dimensions of pit. 
Method of sample acquisition. 
Type and size of samples. 
Soil and rock deScriptions. 
Photographs. 
Groundwater levels. 
Organic gas or methane levels. 
Other pertinent information, such as waste material encountered. 

REFERENCES 

American Society for Testing and Materials, 1987. ASTM Standards 01587-83 and 01586-84. ASTM Annual Book of Standards. ASTM. Philadelphia, Pennsylvania. Volume 4.08. 

NUS Corporation, 1986. Hazardous Material Handling Training Manual. 
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NUS Corporation and CH2M Hill, August, 1987. Compendium of Field Operation Methods. Prepared for the U.S. EPA. 

OSHA, Excavation. Trenching and Shoring 29 CFR 1926.650-653. 
OSHA, Confined Space Entry 29 CFR 1910.146. 
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1.0 . PURPOSE 

The purpose of this Standard Operating Procedure (SOP) Is to identify and designate the field data record forms, logs and reports generally initiated and maintained for documenting Brown & Root Environmental field activities. 

2.0 SCOPE 

Documents presented within this procedure (or equivalents) shali be used for aU Brown & Root Environmental field activities, as applicable. Other or addltfonal documents may be required by specific client contracts. 

3.0 GLOSSARY 

None 

4.0 RESPONSIBIUTIES 

Project Manager - The Project Manager Is responsible for obtaining hardbound, controlled-dlstrfbution logbooks (from the appropriate source), as needed. In addition, the Project Manager Is responsible for placing all forms used In site activities Q.e., records, field reports. and upon the completion of field work. the site logbook) In the project's central file. 

Field Operations Leader (FOl) - The Field Operations Leader is responsible for ensuring that the site logbook. notebooks. and ail appropriate forms and field reports illustrated In this guideline (and any additional forms required by the contract) are correctly used, accurately filled out, and completed In the required tlme-frame. 
-

5.0 PROCEDURES 

5.1 SHe Logbook 

5.1.1 General 

The site logbook is a hard-bound, paginated controlled.cJlstributlon record book in which ail major onsite activities are documented. At a minimum, the following activities/events shall be recorded (daily) In the site logbook: 
, 

• All field personnel present 
• ArrivaJ/departure of site visitors 
• ArrivaJ/departure of equipment • Start or completion of borehole/trench/monitoring well Installation or sampling activities • OaUy onsite actJvitles performed each day • Sample pickup Information 
• Health and Safety Issues Qevel of protection observed, etc.) • Weather conditions 

A site logbook shall be maintained for each project. The site logbook shall be initiated at the start of the first onsite activity (e.g., site visit or initiai reconnaissance survey). Entries are to be made for every day that onsite activities take place which involve Brown & Root Environmental or subcontractor personnel. Upon completion of the fieldwork. the site logbook must become part of the project's central file. 

---------------------------------------------------------------------------~ 611/P 
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The following information must be recorded on the cover of each site logbook= 
• • • • • 

Project name 
Brown & Root Environmental project number Sequential book number 
Start date 
End date 

Information recorded daUy in the site logbook need not be dupficated In other field notebooks (see Section 5.2). but must summarize the contents of these other notebooks and refer to specific page locations in these notebooks for detailed Information (where applicable). An example of a typical site logbook entry is shown in Attachment A. 

If measurements are made at any location, the measurements and equipment used must either be recorded In the site logbook or reference must be made to the site notebook In which the measurements· are recorded (see Attachment A). 

All logbook, notebook, and log sheet entries shaU be made In indelible ink (black pen Is preferred). No erasures are permitted. If an incorrect entry is made. the data shad be crossed out with a single strike mark, and initialed and dated. At the completion of entries by any Individual. the logbook pages used must be signed and dated. The site logbook must also be signed by the Field Operations Leader at the end of each day. 
. . 

5.1.2 Photographs 

When movies, slides, or photographs are taken of a site or any monitoring location, they must be numbered sequentially to correspond to logbook entries. The name of the photographer, date. time, site location, site description, and weather conditions must be entered In the logbook as the photographs are taken. A series entry may be used for rapid-sequence photographs. The photographer Is not required to record the aperture settings and shutter speeds for photographs taken within the norrnaJ automatic exposure range. However, special lenses, fiJms, fDters, and other lmage-enhancement techniques must be noted In the logbook. If possible, such techniques shaJl be avoided, since they can adversely affect the admissibility of photographs as evidence. Chain-of-custody procedures depend upon the subject matter, type of rum, and the processing it requires. FUm used for aerial photography, confidential Information, or crimina! Investigation requirQ chain-of-custody procedures. Adequate logbook notation and receipts must be compiled to account for routine fUm processing. Once processed, the slides of photographic prints shaJl be consecutively numbered and labeled according to the logbook descriptions. The site photographs and associated negatives must be docketed Into the project's centrat fDe. 

5.2 Site Notebooks 

Key field team personnel may maintain a separate dedicated notebook to document the pertinent field activities conducted directly under their supervision. For example. on large projects with multiple Investigative sites and varying operating conditions, the Health and Safety OffIcer may elect to maintain . a separate site notebook. Where several drill rigs are in operation simultaneously, each site geologist assigned to oversee a rig must maintain a site notebook. 

.. ::. .. . - ~ -. 



I. 

I 
I -

I 
I 

Subject 

9611 / P 

Number Page FIELD DOCUMENTATION SA-6.3 5 of 32 
Revision Effective Date 

o 03/01/96 

5.3 Sample Forms 

A summary of the forms illustrated In this procedure Is shown as the listing of Attachments In the Table of Contents for this SOP. Forms may be altered or revised for project-specific needs contingent upon eflent approval. eare must be taken to ensure that all essential Information can be documemed. Guidelines for completing these forms can be found In the related sampling SOP. 

5.3.1 Sample CoUectlon, Labeling, Shipment and Request .for Analysis 

5.3.1.1 Sample Log Sheet 

Sample Log Sheets are used to record specified types of data while sampling. Attachments 8-1 to B-4 are examples of Sample Log Sheets. The data recorded on these sheets are useful in describing the waste source and sample as well as pointing out any problems encountered during sampling. A log sheet must be completed for each sample obtained, including field quality control (CC) samples. 

5.3.1.2 Sample label 

A typical sample label is illustrated in Attachment B-5. Adhesive labels must be completed and applied to every sample container. Sample labels can usually be obtained from the appropriate Program source or are supplied from the laboratory subcontractor. 

5.3.1.3 Chain-of-Custody Record Form 

The Chain-of-Custody (COC) Record Is a mufti-part form that Is initiated as samples are acquired and accompanies a sample (or group of samples) as they are transferred from person to person. This form must be used for any samples collected for chemical or geotechnical analysis whether the analyses are performed on site or off site. One part of the completed COC form Is retained by the field crew whRe the other two or three portions are sent to the laboratory. The originaf (top, signed copy) and extra carbonless copies of the COC form shaJl be placed Inside a large ZIploc-type bag and taped Inside the lid of the shipping cooler. If multiple coolers are sent but are included on one COC form, the COC form should be sent with the first cooler. The COC form should then state how many coolers are included with that shipment An example of a Chain-of-Custody Record form is provided as Attachment 8-6. A supply of these forms are purchased and stocked by the field department of the various Brown & Root EnvironmentaJ offices. Alternately, COC forms supplied by the laboratory may be used. Once the samples are received at the laboratory, the sample cooler and contents are checked and any problems are noted on the encfosed COC form (any discrepancies between the sample labels and COC form and any other problems that are noted are resolved through communication between the laboratory point-of­contact and the Brown & Root Environmental Project Manager). The COC form is signed and one of the remaining two pans are retained by the laboratory while the last part becomes part of the samples' corresponding analytical data package. Internal laboratory chain-of-custody procedures are documented In the Laboratory Quality Assurance Plan (LOAP). 

5.3.1.4 Chain-of-Custody Seal 

. Attachment 8-7 Is an example of a custody seal. The Custody seal is also an adhesive-backed label. It Is part of a chain-of-custody process and Is used to prevent tampering with samples after they have been collected In the field and sealed In coolers for transit to the laboratory. The COC seafs are signed and dated by the samplers and affixed across the opening edges of each cooler containing environmentaJ samples. COC seats may be available from the laboratory; these seals may also be purchased from a supplier. . .. 
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A groundwater level measurement sheet, shown In Attachment C-1 must be filled out for each round of water level measurements made at a site. 

5.3.2.2 Data Sheet for Pumping Test 

During the performance of a pumping test (or an in-situ hydraulic conductivity test), a large amount of . data must be recorded, often within a short time period. The pumping test data sheet (Attachment C-2) facilitates this task by standardizing the data collection fonnat, and allowing the time intervaj for collection · . to be laid out In advance. 
. ~.; . 

5.3.2.3 Packer Test Report Form 

A packer test report form shown in Attachment C-3 must be completed for each well upon which a packer test Is conducted following well Installation. 

5.3.2.4 Summary Log of Baring 

During the progress of each bOring, a log of the materials encountered, operation and driving of casing, and location of samples must be kept. The Summary Log of Boring (Attachment C-4) Is used for thIs purpose and must be completed for each soil bOring performed. In additIon, if volatile organics are monitored on cores, samples or cuttfngs from the borehole (using HNU or OVA detectors). these results must be entered on the boring log (under the ·Remarks· column) at the appropriate depth. The DRemarks· column can also be used to subsequently enter the laboratory sample number and the concentration of a few key analytical results. this feature allows direct comparison of contaminant concentrations with soU characteristics. 

5.3.2.5 Monitoring Well Construction Details Form 

A Monitoring Well Construction DetaUs Form must be completed for every monitoring well piezometer or temporary well point Installed. This form contains speciflc Information on length and type of well riser pipe and screen, backfill, fDter pack, annular seal and grout characteristics, and surface seat characteristics. this Information is Important In evaiuating the performance of the monitoring well, partlculariy In areas where water levels show temporal variation, or where there are multiple (Immiscible) phases of contaminants. Depending on the type of monitoring' well (In overburden or bedrock), different forms are used (see Attachments C-5 through C-9). Similar forms are used for flush-mount well completions. The Monitoring Well Construction Details Form is not a controlled document. 

5.3.2.6 Test Pit Log 

When a test pit or trench is constructed for Investigative or sampling purposes, a Test Pit Log (Attachment C-10) must be filled out by the responsible field geologist or sampling technician. 

5.3.3 Equipment Calibration and Maintenance Fonn 

The calibration or standardization of monitoring, measuring or test equipment Is necessary to assure the proper operation and response of the equipment, to document the accuracy, precision or sensitivity of the measurement, and determine if correction should be applied to the readings. Some items of 
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equipment require frequent calibration, others infrequent. Some are calibrated by the manufacturer, others by the user. 

Each instrument requiring calibration has its own Equipment Calibration Log (Attachment D) which documents that the manufacturer's instructions were followed for caJlbration of the equipment, including frequency and type of standard or calibration device. An Equipment Calibration Log must be maintained for each electronic measuring device used In the field; entries must be made for each day the equipment_ is used. 

5.4 Field Reports 

The primary means of recording onsite activities is the site logbook. Other field notebooks may aiso be maintained. These logbooks and notebooks (and supporting forms) contain detailed Information required for data interpretation or documentation, but are not easily useful for tracking and reporting of progress. Furthermore, the field logbook/notebooks remain onsite for extended periods of time and are thus not accessible for timely review by project management 

5.4.1 Weekly Status Reports 

To facilitate timely review by project management, Xeroxed copies of logbook/notebook entries may be made for internal use. To provide timely oversight of onsite contractors, OaDy Activities Reports are completed and submitted as described below. 

It should be noted that in addition to the summaries described herein, other summary reports may aiso be contractually required. 

5.4.2 Daily Activities Report 

5.4.2.1 Description 

The Daily Activities Report (OAR) documents the activities and progress for each day's field work. This report must be filled out on a daily basis whenever there are drilling, test pitting, well construction, or other related activities occurring which involve subcontractor personnel. These sheets summarize the work performed and form the basis of payment to subcontractors (Attachment E is an example of a Daily Activities Report). 

5.4.2.2 Responsibilities 

It Is the responsibility of the rig geologist to complete the OAR and obtain the driller's signature acknowledging that the times and quantities of material entered are correct. 

5.4.2.3 Submittal and Approval 

i At the end of the shift, the rig geologist must submit the DaDy Activities Report to the Field Operations Leader (FOl) for review and filing. The Daily Activities Report is not a formai report and thus requires . no further approval. The DAR reports are retained by the FOl for use in preparing the site logbook and In preparing weekly status reports for submission to the Project Manager. 
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6.0 ATTACHMENTS 

Attachment A 
Attachment B-1 
Attachment B-2 
Attachment B-3 
Attachment B-4 
Attachment B-5 
Attachment B-6 
Attachment B-7 
Attachment C-1 
Attachment C-2 
Attachment C-3 
Attachment C-4 
Attachment C-5 
Attachment C-5A 
Attachment C-6 
Attachment C-7 
Attachment C-8 
Attachment C-8A 

Attachment e-9 
Attachment D 
Attachment E 
Attachment F 

. 
TYPICAL SITE LOGBOOK ENTRY 
EXAMPLE GlIOUNDWATER SAMPLE LOG SHEET 
EXAMPLE SURFACE WATER SAMPLE LOG SHEET 
EXAMPLE SOIL/SEDIMENT SAMPLE LOG SHEET 
CONTAINER SAMPLE LOG SHEET FORM 
SAMPLE LABEL 
CHAIN-OF-CUSTODY RECORD FORM 
CHAlN-OF-CUSTODY SEAL 
EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET 
EXAMPLE PUMPING TEST DATA SHEET 
PACKER TEST REPORT FORM 
EXAMPLE BORING LOG 
EXAMPLE OVERBURDEN MONITORING WElL SHEET 
EXAMPLE OVERBURDEN MONITORING WElL SHEET (FLUSHMOUNT) 
EXAMPLE CONFINING LAYER MONITORING WELl. SHEET 
EXAMPLE BEDROCK MONITORING WElL SHEET· OPEN HOLE WELL 
EXAMPLE BEDROCK MONITORING WElL SHEET -WELL INSTALLED IN BEDROCK EXAMPLE BEDROCK MONITORING WElL SHEET • 
WELL INSTALLED IN BEDROCK (FLUSHMOUNT) 
EXAMPLE TEST PIT LOG 
EXAMPLE EQUIPMENT CAUBRAnON LOG 
EXAMPLE DAILY ACTIVITIES RECORD 
FIELD TRIP SUMMARY REPORT 

t ' t ~ __ - ______________ --____ ----l 



WEATHER: aear, 68°F, 2-5 mph wind from SE 

ACTIVITIES; 

1. 

2. 

3. 

Steam jenney and fire hoses were set up. 

Drilling activities at well resumes. Rig geologist was . See Geologist's Notebook, No. 1, page 29-30, for details of drilling activity. Sample No. 123-21-S4 collected; see sample logbook, page 42. Drilling activities completed at 11 :50 and a 4-Inch stainless steel well Installed. See Geologist's Notebook, No.1, page 31, and well construction details for we/I • 

Drilling rig No. 2 steam-cJeaned at decontamination pit. Then set up at location of well . 

4. Well drilled. Rig geologist was . See Ge%gist's Notebook. No. 2, page _ for details of drilling activities. Sample numbers 123-22-51, 123-22-52, and 123-22-S3 collected; see sample logbook, pages 43, 44, and 45. 
5. Well _ was developed. Seven' 55-gallon drums were filled in the flushing stage. The well was then pumped using the pitcher pump for 1 hour. At the end of the hour, water pumped from well was -sand free.· 

6. EPA remedial project manger arrives on ·site at 14:25, hours. 
7. 

8. 

9. 

Large dump truck arrives at 14:45 and Is steam-c/~aned. Backhoe and dump truck set up over test pit ___ _ 

Test pit dug with cuttings placed in dump truck. Rig geologist was 
See Ge%gist's Notebook, No.1, page 32, for details of test pit activities. Test pit subsequently filled. No samples taken for chemical analysis. Due to shallow groundwater table, filling in of test pit _ resulted In a very soft and wet area. A mound was developed and the area roped off. 

Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at 17:50 hours. Site activities terminated at 18:22 hours. All personnel off site, gate locked. 

Field Operations Leader 

-------------------------------------------------------------------------.. . -
611 / P 
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ArrACHMENT 8·1 
EXAMPLE GROUNDWATER SAMPLE LOG SHEET 

GROUNDWATER 

SAMPLE LOG SHEET 
"'g8_0f_ 

Project Site NMw: ____________ _ ~IDNo~ _____________ _ 

PrOjactHO.: _______________ " .... Louiion: _________ _ 

...... By: __________ _ o DOmntio Well Data 
o Monitoring WaS Data o Other Well Type: ______________ _ a QA Samplo Typo: _______________ _ 

c.c.c. No.: _______________ _ 

Sluno,uroeel: 
DUpIia,oIDNo: 

TBD: To Bo Determined 
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ATTACHMENT a';'2 
EXAMPLE SURFACE WATER SAMPUNG LOG SHEET 

~ SURFACE WATER 
SAMPLING LOG SHEET Page of 

Project Site Name: --
Sample ID No.: 

Project No.: Sample Loc81ion: I a Spring C Pond Sampled By: a Stream C LaJca 
C Other 
C QA Sample Type: C.O.C. No.: 

I 

Observations/Notes: 

SignatweCs): 

180: To Be Determined 

611!P 
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EXAMPLE SOIL/SEDIMENT SINGLE SAMPLE LOG SHEET 

SOIL/SEDIMENT 
SINGLE SAMPLE LOG SHEET 

" Project Site Name: _____ _ 

Project No.: _______ _ 

C Surface Soil 
o Subsurface SoU 
C Sediment o Othe, __ _ 
o QA Sample Type: ___ _ 

Sample Method: 

Depth Sampled: 

Samp'" Date and lime: 

Type gf Samp'e 
OGnib 
o Composite 
C Grab-Compalite 

' of 

Sample 10 No.: ___________ _ 

Sample L.ocdon: ___________ _ 

Sampled By: ___________ _ 

C.O.C. No.: ___________ _ 

C HiGh Concemmion Color C Low Concemnman '-==----~~;;..;.;;.~~-.;...~...;..------I 

Map: 

ObservatianslNotas: 

MS/MSD Duplicate .D No: 

, J 
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ATTACHMENT B-4 
CONTAINER SAMPLE LOG SHEET FORM 

~ Brown & Root Environmental Page_of _ 

C Container Data Case#: __ 

~------------------------Project Site Name: _____________ ~ Project Site No. ___________ _ 

Brown & Root Env. Source No. -------- Source Location: _____________ _ 

o Drum 
o Bung Top 
o Lever Lock 
o Bolted Ring o Other _____ _ 

o Bag/Sack 
o Tank o Other __________ _ 

Disposition 

o Container Sampled 
o Container opened but not 

sampled. Reason: ___ _ 

o Container not opened. 
Reason: ______ _ 

~-------------------~ 

js,,/P 

Condition: 

Markings: 

Vol. of Contents: 

Other: 

Phase 
Color 
Viscosity 
% of TotaJ 

Volume 
Other 

Layer 1 
OSol. OUq. 

OL OM OH 

Layer 2 
OSol. OUq. 

OL OM OH 

Layer 3 
0501. OUq. 

OL OM OH 

Type ot pie 
o Grab 

o Low Concentration o Composite o High Concentration o Grab-composite 
Sample Identification Organic Inorganic 

Volume 
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Brown & Root Environmental 
PROJECT: __________ _ 

STATION LOCATION: ____________________________________ __ 
DATE: I I TIME: ___ hrs. 
MEDIA: WATER 0 SOIL 0 SEDIMENT 0 ___ 0 
CONCENTRATION: 
TYPE: GRAB 0 

LOW 0 
COMPOSITE 0 

MEDIUM a HIGH 0 

ANALYSIS PRESERVATION 
VOA 0 BNAs 0 i Cool to 40C 

. PCBs 0 PESTICIDES 0 J HN0
3 

to pH < 2 
METALS: TOTAL 0 DISSOLVED 0 i NaOH to pH > 12 CYANIDE 0 I ____________________ 0 1------------------

o 
o 
o 
o 

Sampled by: ________________________ _ 
Remarks: 

1 
I , 

. J 
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m CHAIN-Of-CUSTODY RECORD FORM 
6 (Original is 8.5 x 11") 
a 
0 
0 c 
3: m 

PROJECT NO. .. OJlcrIlAME 

Z 
i! 
:::i 

SA..u.S: (Slgnaf_' 
110. Of 

0 CONTA.EII 
IIMA •• S Z ITAIIO. 0"'1 ... "A'!ONlu-'ou .. 

V 7 / / / / / 

"i z c c 
3 ~~ c-o CD :::s ~ 

0 en 
> 
0, 
c., 

~ " .. ............ bf: CSlfnmlre) T' JleceIwM..,: (signa ... ) ........... d..,:(~., I- ........ 1If:(~, IQ 

3, CI 
c 
CI 

I ........... CSIfnmIr.1 
Dltr 

leeeIwHbf: ,s~., .............. 'slgMt ... ) 
Dltr 

JlICIhed. ISlgnaturel 0° ..... Co)!! U'I ........ CD 
,s. 0 ..... 

.............. ..,: (SlgMture' O.telrlMl •• ceIwed f. uborat., IIf: Dawn- .. 1HfIr.: ........ '(.) 

~ I\) I 
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I 
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CUSTODY SEAL 
bata 
signature 

. . 

. . •.. . , .. t" " ~ 
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ATTACHMENT C-1 
EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET 

GROUNDWATER LEVEL 
MEASUREMENT SHEET Page_of_ 

PROJECT NAME: :=-________ LOCAnON:~~~~ _____ _ PROJECT NUMBER: __________ MEASURING DEVICE: peRSONNE~__________________ AOJUS~ENTFACTO~R~:---------DATE; RSMARKS; ________________ __ 
VVEATH·~E~R~C~O~N~D~JT~IO~N~S-:::::::::::::_ _____________ ~----__ _ 

°Me •• urement. to ne.r •• e 0.01 loot. Signatur8Cs): __________ ~ __ 
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ATTACHMENT C-2 

EXAMPLE PUMPING TEST DATA SHEET 

~) PUMPING TEST DATA SHEET 
Page_ of -PROJECT NAME: 

PUMPING WELL NUMBER: PROJECT NUMBER: MEASURED well. NUMBER: PUMPING TEST: [ 1 STEP DRAW DOWN TEST [ 1 
, . 

TEST NUMBER: 
MONITORING POINT: ... 

.. , 
METHOD OF MEASUREMENT; DEPTH CORRECTION (tt) DATE(s): 

PUMP SETTING (Ft below monitoring point): STATIC H20 lEVel (ft) (SO) DISTANCE FROM PUMPING WELL (ttl (r): PUMPING TEST PERFORMED BY: 
.' 

REMARKS: 

a..uSED 
DRAW TIllE SINCE 

R.aWMIrrER 
MIUTARY 

PUIIPaTART WAlDLEVEL CORR!cnON DOWN OR 
~. 

......... 
. IllllARKB 

TIME 
OIlaTaP IPL' ..... _CoveRT c ....... RAftCQIIM' III"''' (II ... 

, 

j 

.. 

.. SIGNA TURE(s): ... - ... 

51 liP 
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0 
0 
0 
C 

PROJECT: 
PROJECT NO.: fEST NO: 

'AGE OF s: -- -- m 
aORINGNO.: CASING DErrH: CONTRACTOR: 

STAnCWATERUVEL 

~ 
TEST INTERVAL: IV: CHECKED: 

PACKER PRES5URE 
.. • 

::! 

fI_Tett 
Clkullted Results 

, .. , COIIfMiUU1IOII -- 0 -= ....... ....... ..... .... 
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EXAMPLE BORING LOG 

BORING LOG 

Page 

20 of 32 
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Page_of_ 

PROJECT NAME; 
PROJECT NUMBE,'=R:-": ----------

BORING NUMBER: __________ _ 
DATE: 
GEOLOG~I~S~T~:----------------

ORILUNG COMPANY: _________ _ 
WATER LEVEL DATA : 

- - ~- .- -... : .... I,,::, 
e_ ........ 

I':'': 
.... -. a Remarks -fY"- 110 

,-- ." "" ' . c --'u_ I .. '-- - .: , . . 6 '-

/ 
1/ 
1/ 
1/ 
1/ 
1/ 
1/ 
V 
1/ 
1/ 
1/ 
V 
1/ 
1/ 
/ 
V 
1/ 
/ 
/ 
/ 
1/ 
1/ 
1/ 
/ 
1/ 

'When rook coring .nr.r rook brak ...... 

CONVERTED TO well. : Yes No' 
REMARKS: - - ' 

WELL 1.0.#: _______________ _ 

Signalure(s): __________________________________ _ 

\ 

. ~ 
i 
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Revision Effective Date o 03/01/96 

AlTACHMENT C-S 
EXAMPLE OVERBURDEN MONITORING WELL SHEET 

~) 
,. SpRING NO.: 

OVERBURDEN 
MONITORING WELL SHEET 

PROJECT DRILLER LOCATION PROJECT NO. BORING 
DRILUNG 

ELEVATION METHOD DATE 
FIELD GEOLOGIST DEVELOPMENT 

METHOD 

ELEVATION OF TOP OF SURFACE CASING: ~ ELEVATION OF TOP OF RISER PIPE: 
r-

STICK· UP TOP OF SURFACE CASING: 
GROUND STICK· UP RISER PIPE; 
ELEVATION ~ ~ TYPE OF SU RFACE SEAL: 

~ y 
.. 

1.0. OF SURFACE CASING: 
TYPE OF SURFACE CASING' 

RISER PIPE J.D. 
TYPE OF RISER PIPE: 

BOREHOLE DIAMETER: 

TYPE OF BACKFILL: 

eLEVATION I DEPTH TOP OF SEAL: / 
TYPE OF SEAL: 

OEPTH TOP OF SAND PACK: 

ELEVATION {DEPTH TOP OF SCREEN: I --- TYPE OF SCREEN: i -- SLOT SIZE x LENGTH: ---- I.D. OF SCREEN: ---- TYPE OF SAND PACK: ------
ELEVATION I DEPTH BOTTOM OF SCREEN: / 
ELEVA TlON I DEPTH BOTTOM OF SAND PACK: l. TYPE OF BACKFILL BELOW OBSERVATION 
WELL: 

I ELEVATION I DEPTH OF HOLE: L. ------________ --____ ~I 
19611 fP 

" --
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Subject 

FIELD DOCUMENTATION SA-S,3 23 of 32 

Number Page 

Revision Effective Date 
o 03/01/96 

ATTACHMENT C-SA 
EXAMPLE OVERBURDEN MONITORING WELL SHEET (FLUSHMOUNT) 

BORING NO,: ----I 
MONITORING W_ELL SHEET . .- --_._ .. -

PROJECT _______ _ lOCATION _________ _ PROJECT NO, ______ _ BORING, ________ _ 
ELEVATION ______ _ DATE ___________ _ 
FIELD GEOLOGIST _______________ _ 

. ,~O""d 

DRILLER ______ _ 

DRILLING 
MnMOD----_______ _ 

DEVELOPMENT 
METHOD 

. '-Elit_tion_____ ,." _..NATION TCP OF RISER: 

t-I------~ ~-=-· '~~t:7:·~~:!;:: :;;~~:--~~~~z..t=-~~::::~·M~nPE OF SURFACE SEAL: _________ _ 
Flusn mount ... ~ 

Jt1/P 

surface casin9.- V r---t-TYPE Of" PROTECTIVE CASING: ------_ with lock ~--- ~ ~~ I.D. Of" PROlt:CTIVE CASlNC: _______ _ 

~ ~fJ----t--o-IAMElER OF' HOlE: . 

~ ~ ~ fjoo~7----f-T'l'PE OF RISER PIPE: __________ _ 
~ ~ RISER PIPE 1.0., _________ _ 

~ ~~Io!o. ---+-TYPt: Of" BACKF1Ll./SEAL: 
~ 
~ ~ ~ 

r---,-OEP1H/ElEVAnON TOP OF SAND: 1,', :::, ,,: " 

,t. : 1 
r~; :;,1 
f~ '!' I 

I:' = "1 ,".. - q 
t::~ = ~'I 
,~= ',;/ 
.-~ - :iI\ t.:, - =., , .. : = .:'" 

OEP1H/ELEVAnON TOP OF SCREEN: 
nPE OF' SCREEN: __________ _ 

51.0T SIZE x LENCTH: _________ _ 

, I' _ . 
p - ,~",--t-T'l'PE Of" SAND PACK: _________ _ 
I~' - ,;., 
(,~:: :~j DIAMETER OF HOI.£: IN 8EDROCK: _______ _ 

r:- = p'j ~t-OEPni/tLEVAnON BOTTOM OF SCREEN: L.:.~~ DEPlli/ElEVAnON aOlTo ... OF SAND: 1:,-::;'::::.' _~OEPlH/ElEVAnON aOlTo ... OF HOLE: ~... ... . . BACKFILL MATERIA\, BELOW SAND: 

t 

I 

I , 
I , 
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AELD DOCUMENTATION SA-6.3 240f .32 

Number Page 

Revision Effective Date o 03/01/96 

ATTACHMENT C-6 EXAMPLE CONFINING LAYER MONITORING WELL SHEET 

"BORING NO.: ____ _ 

CONFINING LAYER 
MONITORING WELL SHEET 

PROJECT________ LOCATION ______ _ 
DRILLER ______ _ 
DRILUNG 

PROJECT NO. _______ 80RING _______ _ 
METHOD ---___ _ 

ELEVATION _______ DATE ________ _ 
DEVELOPMENT 
METHOD 

FIELD GEOLOGlST _______________ _ 

GROUND 
ELEVATION 

...,r--~ __ -4- ELEVATION OF TOP OF SURFACE CASING: ELEVATION OF TOP OF RISER PIPE: ELEVATION TOP OF PERM. CASING: TVpeOFSURFACES~L: _____________ _ 

1.0. OF SURFACE CASING::-_____ _ TYPE OF SURFACE CASING: ______ _ 

~~-_I_- RISER PIPE 1.0. TVPEOFR~ERP~/P~E~:---------

Wl~---+- BOREHOLE DIAMETER: _______ _ 

~--,"- PERM. CASING 1.0 •. ~~~------TVPE OF CASING" BACKFILL: _______ _ 

~1I1i::: ELEVATION I DEPTH TOP CONFINING LAYER: ~ ELEVATION I DEPTH BOTTOM OF CASING: ELEVATION' OEPTH BOT. CONFINING LAYER: 
ty ...... ---I-- BOREHOLE OIA. BELOW CASING: ____ _ Ff4.----+- T'YPE OF BACKFIU: ________ _ 

ELEVA TlON I OEPTH TOP OF S~L: TYPEOFS~L: ________________ _ 

= ... t-----'"- OEPTH TOP Of SAND PACK: 

ELEVATION/DEPTH TOP OF SCREEN: TYPEOFSCREEN: _____________ _ 

TYPEOF5ANDPACK: ________ _ 

---"- ELEVATION I OEPTH BOTTOM OF SCREEN: 
ELEVATION / DEPTH BOTTOM OF SAND PACK: TYPE OF BACKFILL BELOW OBSERVATION 
WElL; _________________ _ 

.---J.- ELEVAnON I CEPTH OF HOLE: 
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SA-6.3 25 of·32 
Revision etective Date 

o 03/01/96 

AlTACHMENT C-7 
EXAMPLE BEDROCK MONITORING WELL SHEET - OPEN HOLE WELL 

BORING NO.: ____ _ 
BEDROCK 

MONITORING WELL SHEET 
OPEN HOLE WELL 

PROJECT ___________ __ LOCATION ______ _ 
DRILLER ______ _ 

DRILLING pROJECT NO. ___________ _ 
ELEVATION ___________ _ 

BORING _______ _ 
METHOD ---___ _ 

DATE __________ _ 
FIELD GEOLOGIST ________________ __ DEVELOPMENT 

METHOD 

GROUND 
ELEVATION 

._r---.t----t-- ELEVATION OF TOP Of CASING: 

• 11+---+- STICK UP OF CASING ABOVE GROUND 

: 

SURFACE: 

Ik~C:f'!=::t-- TYPE OF SURFACE SEAL: ------------t:P 
I.D. OF CASING: _________ _ TYPE OF CASING: _________ _ 

TEMP./PERM.: _________ _ 

DIAMETER OF HOLE: _____________ _ 

1~ __ __4- TYPE OF CASING SEAL: ___________ _ 

frrr'::i ~ OEPTH TO TOP OF ROCK: 

....JJ.:jJ~-~-+-- DEPTH TO BOTTOM CASING: 111'111 --=111 
.... ...;.;...-.j.- DIAMETER OF HOLE IN BEDROCK: ____ _ 

I 

DESCRIBE IF COREl REAMED WITH BIT: 

DESCRIBE JOINTS IN BED ROCK AND DEPTH: 

III = = "' 1I1=m= ELEVATION I DEPTH OF HOLE: / 

---------------------------------------------------------~.-----------------~ f11/P 
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SA-6.3 26 of 32 
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o 
Effective Date 

03/01/96 

ATTACHMENT C-8 
EXAMPLE BEDROCK MONITORING WELL SHEET· WELL INSTALLED IN BEDROCK 

BORING NO.: ____ _ 
BEDROCK 

MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

@\(Ii@:) 
PROJECT _______ _ LOCATION ______ _ 

DRILLER ________ _ 

DRILI.lNG 
PROJECT NO. ______ _ 
ELEVATION ______ _ 

BORING ____________ _ DATE _____________ _ METHOD------_____ _ 
FIELD GEOlOGIST _______________ _ DEVELOPMENT 

METHOD 

GROUND 
ELEVATION 

.-.--.... __ --1-- ELEVATION OF TOP OF SURFACE CASING: 

II+-~-- STICK UP OF CASING ABOVE GROUND 
SURFACE: 

'--+-- ELEVATION TOP OF RISER: 
b,II~:::;!:=r- TYPE OF SURFACE SEAL: ________ _ 

~fof_-_+_- I.D. OF SURFACE CASING: _________ ___ 

~--_t_- DIAMETER OF HOLE: __________ _ 

~~---II-- RISER PIPE I.D.: ____________ _ 
TYPE OF RISER PIPE: ___________ _ 

m---t-- TYPE OF BACKFILL: __________ _ 

ELEVATION / DEPTH TOP OF SEAL: 
ELEVATION/DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: 

ELEVAnON/DEPTHTOPOFsAND: 

ELEVA nON I DEPTH TOP OF SCREEN: 

TVPE OF SCREEN: 

SLOT SIZE x LENGTH: 

LD.SCREEN: 

TVPE OF SAND PACK: 

DIAMETER OF HOLE IN BEDROCK: 

CORE/REAM: 

ELEVATION I DEPTH BOTTOM SCREEN: 

ELEVATION I DEPTH BOTTOM OF HOLE: 

~ 

. / 

/ 

I 
/ 

... . 
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Number Page FIELD DOCUMENTATION 
SA-6.3 27 ot.32 

Revision Bfective Date o 

ATTACHMENT C-8A 
EXAMPLE BEDROCK MONITORING WElL SHEET WELL INSTALLED IN BEDROCK (FLUSHMOUNT) 

03/01/96 

BORING NO.: _____ 1 aID) BEDROCK 
MONJTORING WELL SHEET 

WELL INSTALLED IN BEDROCK 
PROJECn ______________ __ LOcAnON: ____________ _____ D

R
U
L
R
~
·
 _____________ _ 

DRIUINC 

PROJECT NO.: _____ __ 
ElEVAJ'tON: ________ _ 

BORJNG: _____________ _ 
.. E»f00: __________ _ 

FlElO GEOLOGIST: 
Ground ElevatIOl\ ___ _ 

OA~ ________________ _ 

.,..~t-ELEVATION TOP OF RISER: 

DE\'ElOPMENT 
"ETHOO: 

r.~-----~~~~m 
TYPE OF SURf"ACE SEAl: _____________ _ Flush mount 

auria.:. c:oa=:.in~9_~:;;, with lack 
~--_+_TYPE OF PROlECTlVE CASINC: __________ ~_ I.D. OF PR01£CTIVE CASlNG: ___________ _ 

Jo---l:-OIAMETER or HOL.E: __________ _ 

M''r---t-TYPE 01' RISER PIPE: _________ _ 
RISER PIPE I.D.: ___________ _ 

"""--+-TYPE or BACKFILL/SEAl.: ________ _ 

DEPlH/ELEVA liON TOP or BEDROCJ<: 

----t-OEPlH/ELEVA110N TOP 0,. SAND: 

t-~---+-OEPlH/ELEVA110N TOP 01' SCREEN: 
~ ~ S~: ______________ ___ 
Sl.DT SIZE II l.£NC~: ____________ _ 

~-~~nPE OF SAND PACK: _________ _ 

-1----+-00IAJ,fElER Of' HOLE IN BmROCK: ______ _ 

lll..-""-OEPlH/tlEVATlON BOTlOU Of' SCREEN: 2' PVC Trap _~.-....I.._-..1'~~ DEPlHjtl£VA TlON SOTTOU Of' SAND: 8.1_ Scr_ DEP1H/£U:VA nON BD't'TOW fY HOlE; 
BAClCFllL }.A A T£RlAL snow SAND: 

( 

( 

( 

I 
( 

; 

( 
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I 
il1/P 

., TEST PIT LOG 

PROJECT: 
PROJECTNC 
LOCATION: 
FIELD GECLOCJST: 

• - c-I 
~ ---

. 

.. 

Revision 
o 

ATTACHMENT C-9 
EXAMPLE TEST PIT LOG 

I Brown 

DATE: 

MA nJUAL DESCRIPnOH 

(Soil D~i~ I Consistency. COlor) 
uta 

'.n ~ Crus. ~ftllO" _"d I or~" y_ 

I 

REMARKS 

.. . . 

PHOTO LOG 

Effective Date 

03/01/96 

.. . a~-
. 
~~' 

TEST PrT NO.: .. 

REMARKS 

. 

TESiPIT 

PAGE_.OF _ 

·1 



en ----.. 
"tI '. Brown & Root Enwonmenlal EQUIPMENT CALIBRATION LOG 

INSTRUMENT NAME I MODEL: _____ _ 
JOBNAME: ____ _ 

MANUFACTURER : _____ _ 

JOB NUMBER: -----
CALIBRATION INITIAL ST,'-·---

FINAl. _.- I COMMENTS 

~!.l ~ . . . . . . . ' . . ~ . . . . ' . . . . ", .. . .. ' : ; :. 

l~ 

I-

o 

i s. 
!!!, 
o 
::I 

~ 
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0 0 
(,)~ "CD 0 ... 
" ~ 

:n 
m 
5 
o o o c 
3: m 
Z 
i! 
-t 
o 
Z 

~ 
a 
(., 
I\l 

"tI .. 
CD 
II 



Subject 

Page Number AELD DOCUMENTATION 
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AlTACHMENT E 
EXAMPLE DAILY AcnvlnEs RECORD 

tCAILY Ac-nVII 'e::» RECORD tal I Brown • Root EmrtOlIIJ611 

IPRW~ 
. ... 

LOCATION 
ir.t .' ARRIVAL ilME JOB NO. 
:OA' OEPARTURE TIME 
~CONTRA-----croR DRILLER 1=--' ,- NO· r-- ''''~ . HNUS REPRESENTATIVE 

II'!II'!I~~CUS CUMULATlVE ITEM QUANTITY InIIA·'- I ""TOTAL QUANTITY 
ESTIMATE -=rODAy T 

QUANTITY TOCATE 

-

. 

, 

COMMENrn: ________________________________________________ __ 

APPROVED BY: 

HNUS FJELD REPRESENTATIVE DRILLER OR REPRESENTATIVE 

}611/P 
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0 03/01/96 

I ATTACHMENT F 
FIELD TRIP SUMMARY REPORT 

r PAGE 1 OF 2 

I SUNDAY -
Date: Personnel: 

I 
Weather: Onsite: 

Site Activities: 

MONDAY 
Date: Personnel: 

- -, Weather: Onsite: 

Site Activities: 

I 

; 
: 

nJESDAY 
Date: Personnel: 
Weather: Onsite: 

Site Activities: 

WEDNESDAY 
Date: Personnel: 
Weather: Onsite: 

Site Activities: 

-. 

~ll/P 



"'UUJ~ct I 
Number I Page AELD DOCUMENTATION SA-6.3 32 of 32 
Revision Effective Date 

0 03/01/96 

ATTACHMENT F 
PAGE 2 OF 2 
FIELD TRIP SUMMARY REPORT 

THURSDAY 

- . -
Date: 

Personnel: Weather: 
Onsite: 

Site Activities: 

FRIDAY 
Date: 

Personnel: Weather: 
Onsite: 

Site Activities: 

SATURDAY 
Date: 

Personnel: Weather: 
Onsite: 

Site Activities: 

, 

i11/P 
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Number Page 
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f ~ STANDARD 
OPERATING 

PROCEDURES 

Effective Date 
03/16/98 

Applicability 

Revision 

·2 

I BROWN & ROOT ENVIRONMENTAL 
B&R .Environmental. NE 
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I Subject DECONTAMINATION OF AELD EQUIPMENT AND WASTE HANDUNG 

TABLE OF CONTENTS 

Earth Sciences Depanment 
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The purpose of this procedure is to provide guidelines regarding the appropriate procedures to be followed when decontaminating drilling equipment, monitoring well materials, chemical sampling equipment and field analytical equipment. 

2.0 SCOPE 

This procedure addresses drilling equipment and monitoring well materials decontamination, as well as chemical sampling and field analytical eqUipment decontamination. This procedure also provides generat reference information on the control of contaminated materials. 
3.0 GLOSSARY 

~ - For decontamination of equipment when sampling for trace levels of inorganics, a 10% solution of nitric acid In deionized water should be used. Due to the leaching ability of nitric acid, it should not be used on stainless steel. 

Alconox/Uguinox - A brand of phosphate-free laboratory-grade detergent. 
Deionized Water - Deionized (analyte free) water is tap water that has been treated by passing through a standard deionizing resin column. Deionized water should contain no detectable heavy metals or other Inorganic compounds at or above the analytical detection limits for the project. 
Potable Water - Tap water used from any municipat water treatment system. Use of an untreated potable water supply is not an acceptable substitute for tap water. 
Solvent - The solvent of choice is pesticide-grade Isopropanol. Use of other solvents (methanol, acetone, pestlcide-grade hexane, or petroleum ether) may be required for particular projects or for a particular purpose (e.g. for the removal of concentrated waste) and must be justified in the project planning documents. As an example, it may be necessary to use hexane when anatyzing for trace levels of pesticides, PCBs, or fuels. In addition, because many of these solvents are not miscible in water, the equipment should be air dried prior to use. Solvents should not be used on PVC eqUipment or well construction materiats .. 

4.0 RESPONSIBIUnES 

Project Manager - Responsible for ensuring that all field activities are conducted In accordance with approved project plan(s) requirements. 

Field Operations Leader (FOl) - Responsible for the onsite verification that atl field activities are performed In compliance with approved Standards Operating Procedures or as otherwise dictated by the approved project plan(s). 

5.0 PROCEDURES 

To ensure that anatytical chemical results reflect actuat contaminant concentrations present at sampling locations, the various drilling equipment and chemicat sampling and analytlcat equipment used to acquire the environment sample must be property decontaminated. Decontamination minimizes the potential for cross-contamination between sampling locations, and the transfer of contamination off site. 
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5.1 Drilling Equipment 

Prior to the initiation of a drilling program, all drilling equipment Involved in field sampling activities shall be decontaminated by steam cfeaning at a predetermined area. The steam cfeaning procedure shall be performed using a high-pressure spray of heated potable water producing a pressurized stream of steam. This steam shall be sprayed dlrecdy onto all surfaces of the various equipment which might contact environmental samples. The decontamination procedure shall be performed untO all equipment Is free-· of all visible potential contamination (dirt, grease, oU, noticeable. odors. etc.) In addition. this decontamination procedure shall be performed at "the completion ,of each sampling and/or drilling location. including soB borings, installation of monitoring wells. test pits. etc. Such equipment shall Include drilling rigs, backhoes. downhole tools, augers, well casings. and screens. Where the drilling rig Is set to perform multiple bOrings at a single area of concern, the steam-cleaning of the drilling rig itself may be waived with proper approval. Downhole equipment, however. must always be steam-cleaned between bOrings. Where PVC well casings are to be installed, decontamination Is not required If the manufacturer provides these casings in factory-sealed, protective, plastlc sleeves (so long as the protective packaging is not compromised until Immediately before use). 

The steam cleaning area shall be designed to contain decontamination wastes and waste waters and can be a lined excavated pit or a bermed concrete or asphalt pad. For the latter. a floor drain must be provided which is connected to a holding faCility. A shallow above-ground tank may be used or a pumping system with discharge to a waste tank may be installed. 

In certain cases such an elaborate decontamination pad is not possible. In such cases, a plastlc lined gravel bed pad with a collection system may serve as an adequate decontamination area. Altemately, a lined sloped pad with a collection pump installed at the lower end may be permissible. The location of the steam cleaning area shall be onsite in order to minimize potential Impacts at certain sites. 

Guidance to be used when decontaminating drilling equipment shall Include: 

• As a general rule, any part of the drilling rig which extends over the borehole, shall be steam cleaned. 

• All drilling rods, augers, and any other equipment which will be introduced to the hole shall be steam cleaned. 

• The drilling rig, all rods and augers, and any other potentially contaminated equipment shall be decontaminated between each well location to prevent cross contamination of potential hazardous substances. 

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilling rigs and transport vehicles used onsite for personnel or equipment transfer shall be steam cleaned. as practicable. A drilling rig left at the drilling location does not need to be steam cleaned until It Is finished drilling at that location. 

5.2 Sampling Equipment 

5.2.1 Bailers and Bailing Une 

The potential for cross-contamination between sampling points through the use of a common bailer or Its attached line is high unless strict procedures for decontamination are followed. For this reason, it Is preferable to dedicate an individual bailer and its line to each sample pOint. although this does not 
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. eliminate the need for decontamination of dedicated bailers. For non-dedlcated sampling equipment, the following conditions and/or decontamination procedures must be followed. 
Before the initial sampling and after each successive sampling point. the bailer must be decontaminated. The following steps are to be performed when sampling for organic contaminants. Note: contract­specific requirements may permit alternative procedures. 

• • • 
• • 
• 
• 
• 
• • 

Potable water rinse 
Alconox or Uquinox detergent wash . • Scrubbing of the line and baUer with a scrub brush (may be required If the sample point Is heavily contaminated with heavy or extremely viscous compounds) Potable water rinse 
Rinse with 10 percent nitric acid solution' Deionized water rinse 
Pesticide-grade isopropanol (unless otherwise required) Pestlcide-grade hexane rinse" 
Copious distil/ed/Deionized water rinse Air dry 

If sampling for volatile organic compounds (VOCs) only, the nitric acid, Isopropanol. and hexane rinses may be omitted. Only reagent grade or purer solvents are to be used for decontamination. When solvents are used. the bailer must be thoroughly dry before using to acquire the next sample. 
In general. specially purchased pre-cleaned disposable sampling eqUipment Is not decontaminated (nor is an equipment rinsate blank collected) so long as the supplier has provided certification of cleanliness. If decontamination Is performed on several baUers at once Q.e •• In batches). bailers not Immediately used may be completely wrapped In aluminum foil (shiny-side toward equipment) and stored for future use. When batch decontamination is performed, one equipment rinsate is generally collected from one of the bailers belonging to the batch before it Is used for sampling. 

It Is recommended that clean. dedicated braided nylon or polypropylene line be employed with each bailer use. 

5.2.2 Sampling Pumps 

Most sampling pumps are low volume Oess than 2 gpm) pumps. These include peristaltic, diaphragm. air-lift. pitcher and bladder pumps, to name a few. If these pumps are used for sampling from more than one sampling point. they must be decontaminated prior to initial use and after each use. 
The procedures to be used for decontamination of sampling pumps compare to those used for a bailer except that the 10 percent nitric acid solution is omitted. Each of the liquid factions Is to be pumped through the system. The amount of pumping is dependent upon the size of the pump and the length of the intake and discharge hoses. Certain types of pumps are unacceptable for sampling purposes. For peristaltic pumps, the tubing is replaced rather than cleaned. 

• Due to the leaching ability of nitric acid on stainless steel, this step is to be omitted If a stainless steel sampling device is being used and metals analysis is required with detection limits less than approximately 50 ppb. 
. .. •• If sampling for pesticides. PCBs, or fuels. 
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An additicinal problem is introduced when the pump relies on absorption of water via an inlet or outlet hose. For organic sampling. this hose should be Teflon. Other types of hoses leach organics (especially phthalate esters) into the water being sampled or adsorb organics from the sampled water. For all other sampling. the hose should be Vlton, polyethylene, or polyvinyl chloride Qlsted In order of preference). Whenever possible, dedicated hoses should be used. It Is preferable that these types of pumps not be used for sampling. only for purging. 

5.2.3 Filtering Equipment 

On occasion, the sampling plan may require acquisition of filtered groundwater samples. Field-filtering Is addressed In SOP SA-6.1 and should be conducted as soon after sample acquisition as possible. To this end, three basic filtration systems are most commonly used: the in-line disposable Teflon fBter, the Inert gas over-pressure filtration system, and the vacuum filtration system. 
For the in-line filter, decontamination is not required since the ffiter cartridge is disposable, however, the cartridge must be disposed of in an approved receptacle and the intake and discharge lines must still be decontaminated or replaced before each use. . 
For the over-pressure and the vacuum filtration systems, the portions of the apparatus which come in contact with the sample must be decontaminated as outlined In the paragraphs describing the decontamination · of bailers. (Note: Varieties of both of these systems come equipped from the manufacturer with Teflon-lined surfaces for those that would come into contact with the sample. These filtration systems are preferred when decontamination procedures must be employed.) 

5.2.4 Other Sampling Equipment 

Field tools such as trowels and mixing bowls are to be decontaminated In the same manner as described above. 

5.3 FIeld Analytical EqUipment 

5.3.1 Water Level Indicators 

Water level indicators that come into contact with groundwater must be decontaminated using the following steps: 
. 

• 
• 

Rinse with potable water 
Rinse with deionized water 

Water level indicators that do not come in contact with the groundwater but may encounter incidental contact during installation or retrieval need only undergo the first and last steps stated above. 
5.3.2 Probes 

Probes (e.g., pH or specific-ion electrodes, geophysical probes, or thermometers) which would come in direct contact with the sample, will be decontaminated using the procedures specified above unless manufacturer's instructions indicate otherwise (e.g., dissolved oxygen probes). Probes that contact a volume of groundwater not used for laboratory analyses can be rinsed with deionized water. For probes which make no direct contact, (e.g., OVA equipment) the probe is self-cleaning when exposure to uncontaminated air is allowed and the housing can be wiped clean with paper-towels or cloth wetted with alcohol . 
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For the purposes of these procedures, contaminated materials are defined as any byproducts of field activities that are suspected or known to be contaminated with hazardous substances. These byproducts include such materials as decontamination solutions, dIsposable equipment, drllJlng muds, well­development fluids, and spill-contaminated materials and Personal Protection Equipment (PPE). 

The procedures for obtaining permits for investigations of sites containing hazardous substances are not cJearly defined at present. In the absence of a clear directive to the contrary by the EPA and the states, it must be assumed that hazardous wastes generated during field actJvltles will require compliance with Federal agency requirements for generation, storage, transportation, or disposal. In addition, there may .. , . be state regulatIons that govem the disposal action. this procedure excJusively describes the technical . methods used to control contaminated materials. 

The plan documents for site activities must IncJude a descriptIon of control procedures for contaminated ' materials. This planning strategy must assess the type of contamination, estimate the amounts that would be produced, describe containment equipment and procedures, and delineate storage or disposal methods. As a general policy, it Is wise to select InvestIgation methods that minimize the generation of contaminated spoils. Handling and disposing of potentially hazardous materials can be dangerous and expensive. UntU sample analysis is complete, it Is assumed that all produced materials are suspected of contamination from hazardous chemicals and require containment. 

5.5 Sources of Contaminated Materials and Containment Methods 

5.5.1 Decontamination Solutions 

All waste decontamination solutions and rinses must be assumed to contain the hazardous chemicals associated with the site unless there are analytical or other data to the contrary. The waste solution volumes could vary from a few gallons to several hundred gallons in cases where large equipment required cl~aning. 

Containerized waste rinse solutions are best stored in 55-gallon drums (or equivalent containers) that can be sealed until ultimate disposal at an approved facility. Larger equipment such as backhoes and tractors must be decontaminated In an area provided with an Impermeable liner and a liquid collection system. A decontamination area for large equipment could consist of a bermed concrete pad with a floor drain leading to a buried holding tank. 

5.5.2 Disposable Equipment 

Disposable equipment that could become contaminated during use typically incJudes PPE, rubber gloves, boots. broken sample containers, and cJeaning-wipes. These items are small and can easily be contained In 55-gallon drums with lids. These containers should be closed at the end of each work day and upon project completion to provide secure containment untU disposed. 

5.5.3 Drilling Muds and Well-Development Fluids 

Drilling muds and well-development fluids are materials that may be used In groundwater monitoring well Installations. Their proper use could result In the surface accumulation of contaminated liquids and muds that require containment. The volumes of drilling muds and well~evelopment fluids used depend on well diameter and depth, groundwater characteristics. and geologic formations. There are no simple mathematical formulas available for accurately predicting these volumes. It Is best to rely on the 
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experience of reputable well drillers familiar with local conditions and the well InstallatIon techniques selected. These individuals should be able to estimate the sizes (or number) of containment structures required. Since guesswork is involved, it Is recommended that an slight exC?ess of the estimated amount of containers required will be available. 

Drilling muds are mixed and stored In what Is commonly referred to as a mud pit. this mud pit consists of a suctIon sectIon from which drilling mud Is withdrawn and pumped through hoses, down the drill pipe­to the bit, and back up the hole to the settling section of the mud pit. . In the settling sectJon. the mud's velocity is reduced by a screen and severa! flow-reStrfctfon devices, thereby allowing the well cuttings to settle out of the mud/fluid. 

The mud pit may be either portable above-ground tanks commonly made of steet (which Is preferred) or stationary in-ground pits as depicted In Attachment A. The above-ground tanks have a major advantage over the in-ground ' pits because the above-ground tanks isolate the natura! soils from the contaminated fluids within the drilling system. These tanks are also portable and can usually be cleaned easily . 

As the well is drilled, the cuttings that accumulate in the settling section must be removed. This is best done by shoveling them into drums or other similar containers. When the drilling is complete, the contents of the above-ground tank are likewise shoveled or pumped Into drums, and the tank is cleaned and made available for its next use. 

If In-ground pits are used, they should not extend into the natural water table. They should aJso be lined with a bentonite-cement mixture followed by a layer of flexible impermeable material such as plastic sheeting. Of course, to maintain its impermeable seal, the lining material used would have to be nonreactive with the wastes. An advantage of the in-ground pits is that well cuttings do not necessarily have to be removed periodicaJly during drilling because the pit can be made deep enough to contaJn them. Depending on site conditions, the in-ground pit may have to be totally excavated and refilled with uncontaminated natural soils when the drilling operation is complete. 
When the above-ground tank or the in-ground pit Is used, a reserve tank or pit should be located at the site as a backup system for leaks, spills, and overflows. In either case, surface drainage should be such that any excess fluid could be controlled within the immediate area of the drill site. 
The containment procedure for well-development fluids is similar to that for drilling muds. The volume and weight of contaminated fluid will be determined by the method used for development. When a new well Is pumped or bailed to produce clear water, substantially less volume and weight of fluid result than when backwashing or high-velocity jetting is used. 

5.5.4 Spill-Contaminated Materials 

A spill Is aJways possible when containers of liquids are opened or moved. Contaminated sorbents and soils resulting from spills must be contained. Small quantities of spill-contaminated materials are usually best contained In drums, while larger quantities can be placed in lined pits or in other impermeable structures. In some cases, onsite containment may not be feasible and Immediate transport to an ·approved disposal site will be required. 
\ 

5.6 Disposal of Contaminated Materials 

Actual disposal techniques for contaminated materials are the same as those for . any hazardous substance, that Is, incineration, landfilling. treatment, and so on. The problem centers around the 
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assignment of responsibility for disposal. The responsibility must be determinE!d and agreed upon by all Involved parties before the field work starts. If the site owner or manager was involved In activities that precipitated the investigation, it seems reasonable to encourage his acceptance of the disposal obligation. In Instances where a responsible party cannot be identified, thIs responsibility may fallon the public agency or private organization investigating the site. 

Another consideration In selecting disposal methods for contaminated materials is whether the disposal­can be incorporated Into subsequent site cleanup activities. For example, if construction of a suitable onsite disposal structure is expected, contaminated materials generated during the investigation should be stored at the site for disposal with other site materials. In this case, the initial containment structures should be evaluated for use as long-term storage structures. Also, other site conditions such as drainage control, security, and soil type must be considered so that proper storage is provided. If onsite storage is expected, then the containment structures should be specifically designed for that purpose. 
6.0 REFERENCES 

Brown & Root Environmental: Standard Operating Procedure No. 4.33, Control of Contaminated Material. 

- 1 
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TWO TYPES OF MUD PITS USeD IN WELL DRILLING 

~rl' , ... c:..uM fl' 



STANDARD FIELD FORMS 



AS A MINn\1UM, THE FOLLOWING ITEMS MUST 
BE INCLUDED IN THE FIELD LOGBOOK 

o All entries mUJt be made in blue or black indelible ink. 

o Erron mUJt be lined out ONCE and INITIALED. 

o Each page mUJt be sequentially numbered. dated, Jigned IDd the project 
number mUJt be "riueD It the top o( each page. No blank plges. 

o UJt the time o( arrival It work site, aad the names o( all BRE penoaneL 

o State the level o( penonal protection required (level D. level D mod. , level C. etc.) 

o Designation o( the Field Team Leader and a Site Safety Omcer. 

o Scat(: that a Site Safety Meeting/Briefing WIS conducted and who was present. 

oust weather conditionJ and update u necesury. 

" 
o Usc specific reaon(s) for site visit (umpling. drilliag. etc._). 

oUst SubcoDtl"2ctor(s} present at the site and time o( arrivab to the site. list 
aU heavy equipmcnt (such as drilling rig. back hoe. jackhammer, etc.-.). 

. 

o Ust namc(s) and time(s) o( arrival/deplrture o( layone visiting the site (such 
IS BRE or subcontl'llctor penonnel, Client. regulaton. inJpccton __ ) 

o DeJcribe tbe method o( decontamination (or drilling tools, blilen. and other 
equipment. Site the re(erencc(s) tbat you we (or decontamination (i.e.. In 
accordance with Section S of BRE's FDEP .apPnJved CompQAP, etc...) 

o Indictc that the field iastrumenu bave been caJibnted aad indicacc "bere the 
calibration information can be found if it is noc listed in this logbook. Identify 

field instrumenu used by model number and LD, number or seri:d number. 

o A physical description o( all samples must be recorded. Give locatioD o( samples. 
boreholes, ccc._ A diagrsm or map would be mose appropriate. 

o Describe the condition of the site prior ~o departure (such as wells loc~d. pump 
operationaL diffused aerator down. barricades pnJperly located. boreholes properly 
abandoned. ecc.-.) 

o Handling o( drill cuttings, development/purge "..cer, Ind ocher site derived 
"'astes ( e.g., dromming, sprelding on planit, eec.) 

o Reference an field Cornu that are used. 

UNDER NO CIRCUMSTANci:s SHOULD THE FIELD LOGBOOK. 
BE IN ANYONE'S POSSESSION OTHER THAN BRE PERSONNEL 

Arnold C.Lamb~ ~ 
District Manager of Qualicy AsSU;;P< -
February Z. 199~ 
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PROJECT NAME: 

CLIENT: 

DATE: 

B&RE PERSONNEL: 

CONTRACTOR: 
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ESTIMATE 
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COMMENTS: 

APPROVED BY: 

B&RE REPRESENTATIVE 
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QUANTITY 
TODAY 

-

PROJECT NUMBER: 

LOCATION: 

ARRIVAL TIME: 

DEPARTURE TIME: 

DRILLER: 

PREVIOUS 
. TOTAL 

QUANTITY 

DRILLER 

DATE: 

CUMULATIVE-
QUANTITY 
TO DATE 



GROUNDWATER LEVEL MEASUREMENT SHEET 

Project Name: Project No.: 
Location: Personnel: 
Weather Conditions: ------------------------

lIeasuxingDe~V1~'c~e~:~ __________________________ ~ 
Tidally Influenced: 

Wen or 
Piezometer 

Number 
Date 

Yes __ No __ _ Remarks: 

Elevation ot Total Water Level Thickness of Groundwater 
TIme Reference Point Wen Depth Indicator Readin Free Produc Elevation Comments 

(leet). (teet)· (leet)· (teet)· (teet)· 

r--------+------;----~---------~------_+------------~------+_------~---------~'-

• All ml!uurements to 1he ""rest 0.011001 

Page __ of __ 



Well No.: 
PROJECT: 

DATE: PROJECT NUMBER: 
WEATHER: SITE: 

PERSONNEL: 

Well Screen Depth: I ft. Pump Type/Material: Tide Cycle: I ] Hlgh@ Initial Water Level: @ hrs. Pump Intake Deptb: [ ) Low@ Total Purge Volume= (gal/ L)Drawdown + Tubing Volume= (gall L) ( ) Not Affected 
Time Water Level Volume Flow Rate Temp pH peon DO Turbidity Salinity Eh Comments feel below TOe mL mUmin °C mS/cm mg/L NTU % mV 

-

Remarks: 

Page of - -
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~ <:(~ GROUNDWATER SAMPLE LOG SHEET 
Page of 

Project Site Name: Sample 10 No.: Project No.: Sample Location: 
Sampled By: 

[ ] Domestic Well Data C.O.C. No.: 
[ ] Monitoring Well Data Type of Sample: 
[ ] Other Well Type: [ ) Low Concentration [ ] QA Sample Type: [ ] High Concentration 

';":iik ,',i., ""i " ,,;j,;'iiH;,eBI ~";.,,,:: .. 
Qal!: Color pH S.C. T.-np. Turbidity DO Salinity Eh 

' , TIme: mS/cm ·C NTU mV 
Method: 

1m::!"'" ~"""':'!" '<i""" Date: VUlumlt pH S.C. Temp(OC) luruluuy DO Salinity 
Method: Initial 
Monitor f''-.... ~ii,!:I (ppm): 1 . '. ~ 
Well Casing Diameter. 2 
Well Casing Material: 3 
Total Well Depth (TO): 

Static Water level (Wl): 

One Casing v",,, -\. 

Start Purge (hrs): 

End Purge (hrs): 

Total_~~~ TIme (min): 

Total Vol. Purged (gaUL): 
r'<, :i::";::.";'''i::iri:I;;n'';I:i:;':;' ';';i . ,,)," :;'" ,·: . ) '."j,:Y!i!'<1±" '; ' :::: ~MPI j::,,.nl·' ,--- ··'j"\t· ; I ';:'C:·""""" ,;'.:, A, -,- - .. ....... ,'."', .. ':, ...... , ......... 

-

'i ____ ••• ,IIUN:i ,.,' -- "j I NOJE-.! 

• 1 

, 1 

Clreleit .11., 
Signature(s): MSIMSD Duplicate 10 No.: 



SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

(] Surface Soil 
(] Subsurface Soil 
D Sediment 
D Other: 
D QA Sample Type: 

Date: 
Time: .•. 
••. .:.. ~.:atlin'1 (ppm): 

It!n 

I Date: 

IIVllmmn Readings 

I\ .... ilny~ in ppm): 

ISAMPI f:l'nli 

TIme 

A. 

lATIONS I NOTES: , "'· '" " ;i;,',,".)·':i: . . 

Circle if ,A' ... . 

MSIMSD Duplicate ID No.: 

DeDth Color 

Depth 

Page. of 

Sample ID No.: 
Sample Location: ______ _ 
Sampled By: 
C.O.C. No.: 

Type of Sample: 

' ;' IMAP: ' 

D Low Concentration 
o High Concentration 

(Sand. Slit. Clay ••• 

" ' .. ' .: ,. 

, etc.) 

other 



..... EQUIPMENT CALIBRATION LOG SHEET 
I't JOB NAMEINUMBER: 

INSTRUMENT NAME/MODEL: _______________ _ SITE NAME: 
MANUFACTURER: 

LOCATION: 
SERIAL NUMBER: 

Date of Time Performed Calibration Standard Instrument Setting Instrument Reading 
Remarksl 

Calibration by 
Span/Cone. Lot Numberl Pre- Post- Pre- Post- Comments Exp. Date Calibration Calibration Calibration Calibration 

, 

. 
I Page_of_ 
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(il;~& 8ron,. & "u'ot 
...... L· • Environmental 

455 fAIRWAY DRIVE. SUITE 200 
O[(RrJfLO BEACII. rLORIDA ))44' 
(305) 570-5885 (]05) 570-5974 (FAX) 

S', , .. UAh;-"ul..R: ______________ _ 
PROJEC I NAME: ______________ _ 
BRE PROJ[CI NO.: _______ CODE: ___ _ 

P .O. NO.: 

Sill PP[O 10: 

I 
I 

-------~~~~------~----_I (LABORA TORY NAME. CI TY) I -1t-A-IU-O-F-C-U-ST-O-O-Y-R-E-C-O-R-O----I----------,1r-l -A-B-O-R-A-T-O-R-y-A-N..&A-l-y-S-.-S----------- II 

SAMPLE x ~~: / / / I OSTANDARO TAT 0 Rus/ I

I _l.YP~ ;g -f///' /// //Jae, 024 lin. 048 IIR. 012 lilt. 010041 
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(it) sourHNAvFAC LOG OF BORING Psge of 

PROJECT NO: PROJECT NAME: 
PROJECT loeA nON: DA TE DRILLED: 
DRILLING COMPANY: SURF ACE ELEVATION: Feet 
DRILLING METHOD: BORING DIAMETER: Inches 
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- SOUTHNAVFAC 

PROJECT 
PROJECT NO. 
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FIELD GEOLOGIST 
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OVERBURDEN 
MONITORING WELL SHEET 

DRILLER 
LOCATION DRILLING 
BORING METHOD 
DATE DEVELOPMENT 

METHOD 

ELEVATION OF TOP OF SURFACE CASING: 
ELEVA TlON OF TOP OF RISER PIPE: 

STICK - UP TOP OF . SURFACE CASING: 
STICK - UP RISER PIPE: 

TYPE OF SURFACE SEAL: 

1.0. OF SURFACE CASING: 
TYPE OF SURFACE CASING' 

RISER PIPE 1.0. 
TYPE OF RISER PIPE: 

BOREHOLE DIAMETER: 

TYPE OF BACKFILL: 

ELEVA TlON I DEPTH TOP OF SEAL: 

TYPE OF SEAL: 

DEPTH TOP OF SAND PACK: 

. 
ElEVATION I DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: . 
SLOT SIZE x LENGTH: 

1.0. OF SCREEN: 

TYPE OF SAND PACK: 

ELEVATION I DEPTH BonOM OF SCREEN: 

ELEVATION I DEPTH BonOM OF SAND PACK: 
TYPE OF BACKFILL BELOW OBSERVATION 
WELL: 

ELEVA TlON I DEPTH OF HOLE : - --
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I) SOUTHNAVFAC 

BORING NO.: ___ _ 

BEDROCK 
MONITORING WELL SHEET 

WELL INSTALLED IN BEDROCK 

PROJECT ______ _ LOCATION _____ _ 
DRILLER ________ _ 

DRILLING PROJECT NO. _____ _ 
ELEVATION---___ _ 

BORING--____ _ 
DATE ________ _ METHOD _______ _____ 

FIELD GEOLOGIST ______________ _ DEVELOPMENT 
METHOD 

GROUND 
ELEVATION 

-rr=-===;:,.04---+-- ELEVATION OF TOP OF SURFACE CASING: 

114----+-- STICK UP OF CASING ABOVE GROUND 
SURFACE: . 

'---1-- ELEVATION TOP OF RISER: 
U~::t:::r-- TYPE OF SURFACE SEAL: ______ _ 

~-~I-- 1.0. OF SURFACE CASING: _______ _ 

~4_-+__ DIAMETER OF HOLE: _______ _ 

~~---+-- RISER PIPE 1.0.: __________ _ 
TYPE OF RISER PIPE: _______ _ 

~"---I-- TYPE OF BACKFILL: _______ _ 

~-4-- ELEVATION I DEPTH TOP OF SEAL: 
~-I-- ELEVATION I DEPTH TOP OF BEDROCK: 

~-+-- TYPE OF SEAL: __________ _ 

-----+-- ELEVATION I DEPTH TOP OF SAND: 

--"'-- ELEVATION I DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: ________ _ 

SLOT SIZE x LENGTH: _______ _ 

1.0. SCREEN: _________ _ 

,:iIfI---+-- TYPE OF SAND PACK: _______ _ 

J:::,:n ......... ------+-- DIAMETER OF HOLE IN BEDROCK: 

CORE I REAM: __________ _ 

m---t- EL~VATJON I DEPTH BOTTOM SCREEN: 

ELEVATJON/C::PTH 80T""O~} C~ wOLE: 
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" SOUTHNAVFAC 
.CONFINING LAYER ._ 

MONITORING WELL SHEET 

LOCArION------­
BORING------­
DATE----------------

DRILLER ____ _ PROJECT ______ _ 
DRILLING 
METHOD---­
DEVELOPMENT " 
METHOD 

PROJECT NO. _____ _ 
ELEVATION _____ _ 
FIELD GEOLOGIST ______ --------

GROUND 
ELEVATION 

CONFINING 
LAYER 

.,...-~-----t- ELEVATION OF TOP OF SURFACE CASING: 
ELEVATION OF TOP OF RISER PIPE: 
ELEVATION TOP OF PERM. CASING: 
TYPE OF SURFACE SEAL: ______ _ 

1.0. OF SURFACE CASING: :---_____ _ 
TYPE OF SURFACE CASING: _____ _ 

JtiIoj~--t- RISER PIPE 1.0. 
TYPE OF RISER P~IP~E~: --------

~-~ BOREHOLE DIAMETER: ______ _ 

~;.----t- PERM. CASING 1.0. _______ _ 
TYPE OF CASING & BACKFILL: -----

I
III~ ELEVATION / DEPTH TOP CONFINING LAYER: ELEVATION / DEPTH BOTTOM OF CASING: 

ELEVATION / DEPTH BOT. CONFINING LAYER: 

~-~- ELEVATION / DEPTH TOP OF SEAL: 
TYPE OF SEAL: _____ -..;.. ___ _ 

m.---+- DEPTH TOP OF SAND PACK : 

ELEVATION/DEPTH TOP OF SCREEN: 
- :; TYPE, OF SCREEN: ________ _ 

- .... TYPE OF SAND PACK: _______ _ 
- " 

I:~---+- BOREHOLE O/A. BELOW CASING: ----- .', 
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I 
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/ 

/ 

!:Ez~---L_ ELEVATION I DEPTH BOTTOM OF SCREEN: I 
..... ---t-- ELEVATION / DEPTH BOTTOM OF SAND PACK: I 

TYPE OF BACKFILL BELOW OBSERVATION 
WELL:--------___ _ 
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Facility Name: 

Site Name: 

Site Number: 

Well Number: 

Well Diameter: 

Well Location: 

Reason for Abandonment: 

Abandonment Contractor: 

Method of Abandonment(1): 

Grout in Place: 

Overdrill and Grout 

SOUTHNAVFAC 
WELL ABANDONMENT FORM 

Date(s) Abandoned: 

Well Depth: 

Screen Length: 

Pull and Grout 

Other (Explain): 

Type and Amount of Grout and Date(s}: 

Final Surface Conditions: 

Additional Notes/Comments: 

Inspected by (Contractor):, ______________ _ 

Approved by (Navy Representative: 
.-----------------------

• Rev. 0 
.pdober 11, 1996 

Date: ------
Date: ------

(1) Note that abandonment may be subject to state and local requirements in addition to federal 
requirements. These requirements should be incorporated into the abandonment process. and additional 
information provided in the Additional Notes/Comments section of this form. 
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