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R. T. H I C K S C O N S U L T A N T S , L T D . 
901 Rio Grande Blvd NW • Suite F-142 • Albuquerque, NM 87104 • 505.266.5004 • Fax: 505.266-0745 

April 14, 2008 

Mr. Glenn von Gonten 
New Mexico Oil Conservation Division 
1220 South St. Francis Drive 
Santa Fe, New Mexico 87505 

RE: Pride Energy South Four Lakes #13 Pit 
NMOCD #AP-076 

Dear Mr. von Gonten: 

Please accept this Stage 1 Abatement Plan for the above-referenced site as fulfillment of Pride Energy's 
mandate to submit an Abatement Plan. 

The schedule calls for a drilling rig to commence characterization activities as early as late April. By 
June, the results of the proposed characterization program will permit the design of a ground water 
remedy for the site. A second submission to NMOCD describing the proposed remedy should be ready 
by August. Because Rule 19 requires public notice within 15-days after the Division determines the 
plan is administratively complete, we ask that the Division withhold such a determination until your 
review of the second planned submission. This protocol will allow Pride to implement a single public 
notice for a Stage 1&2 Abatement plan. Your thoughts on this idea are appreciated. 

Sincerely, 
R.T. Hicks Consultants, Ltd. 

Randall T. Hicks 
Principal 

Copy: Pride Energy c>5' ^ 
NMOCD District II . '7"7 
New Mexico State Land Office 
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Pride Energy Company - South Four Lakes #13 Site 
Stage 1 Abatement Plan (AP-76) 

1.0 Description of the Site 

1.1 Location 
Plate 1 shows the location of the South Four Lakes #13 reserve pit site relative to four additional 
Pride Energy Company sites and Tatum, New Mexico. Plate 2 is a 2004 aerial photograph showing 
the general area of the site. The site is in T12S R34E Section 1 Unit Letter L (N 33° 18' 19.8", W 
103° 28' 11.9", API # 30-025-36528). To access the site: 

1. Drive west on Highway 380 ten miles from the intersection of Highway 380 and 
Highway 206 in Tatum, New Mexico 

2. Drive north about 0.4 miles on the dirt access road 

3. The site is at the end of the access road 

1.2 Site History 

December 5, 2003 
January 29, 2005 
February 29, 2004 
May 5, 2004 
May 26, 2004 
August 29, 2007 
December 10, 2007 
January 30, 2008 
February 12, 2008 

Desc'ri 
Pride submits AIM) (C-101) for South l our Lakes Unit #13 
C-101 amends proposed location 
Well spudded 
Set casing and perforated 
First gas sales 
C-l44 Pit Closure l orm submitted to NMOCD 
Revised C-144 submitted by Elke Environmental to NMOCD 
C-141 submitted by Elke Environmental to NMOCD 
NMOCD requires submission of Abatement Plan 

2.0 Site Investigation Results 

2.1 Inventory of Water Wells 
See Appendix A for a map and table showing the water wells within one mile of the South Four 
Lakes sites. Copies of driller's logs of wells near the site are also included in Appendix A. 

2.2 Site Geology 
The South Four Lakes Unit and associated State lease areas are located in the High Plains portion of 
the Great Plains physiographic province with flat-laying sedimentary rocks, ranging in age from 
Permian to Miocene. The majority of the area is covered with a shallow soil horizon (Kimbrough-Lea 
Complex; sandy loams overlying caliche) and sparsely vegetated with grasses and brush. Plate 3 
depicts a geologic map that shows the Ogallala Formation is present throughout much of the area. The 
Ogallala Formation is underlain by the Triassic Dockum Group red beds. The Chinle Formation, the 
uppermost unit of the Dockum Group, is composed of a thick sequence of red clays that act as an 
aquiclude. 
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The sediments which form the Ogallala Formation were carried eastward from uplifted areas to the 
west as braided fluvial deposits which consist of clays, very fine-grained sands, some gravels and 
occasional lenses of calcite-cemented sands and clays. The Ogallala Formation is generally coarser-
grained in the lower portion of the unit with a basal conglomerate present at some locations. Finer-
grained sand and caliche are common in the upper portion of the Ogallala Formation. The base of the 
Ogallala Formation (and thus the top of the Chinle Formation) is estimated between 90 to 110 feet 
below ground surface (bgs). 

2.3 Site Ground Water Hydrology 
This section provides an estimate of subsurface hydraulic characteristics and an estimate of the rate 
and direction of contaminant migration. 

Depth to ground water at the site is approximately 25 ft bgs. The saturated thickness of the Ogallala 
Formation in the area is estimated at approximately 65 to 85 ft based on driller logs for water wells 
permitted by the New Mexico Office of the State Engineer (OSE). 

A regional potentiometric surface map created using 1996 water level data obtained from the USGS 
database indicates that ground water in the area is flowing in a southeast direction (see Plate 4) with a 
hydraulic gradient of approximately 0.003 ft/ft. Data from wells within a few miles of the site 
demonstrate that the ground water at the site likely flows to the southeast with a gradient of 
approximately 0.002 ft/ft. This is local condition is consistent with the prevailing regional 
characteristics. 

Site-specific values for hydraulic conductivity of the Ogallala Formation range between 0.5 ft/day to 
50 ft/day based on published information (Nicholson and Clebsch, 1961; Ash, 1963; McAda and 
Hart, 1985; Secor, 1995; and Musharrafieh, 1999). Based on professional experience in determining 
hydraulic conductivity values from aquifer tests of the uppermost portion of the Ogallala Aquifer in 
Lea County we estimate a value of 3 ft/day to 10 ft/day for the portion of the saturated zone most 
likely impacted by the release. 

Application of Darcy's Law with the aforementioned estimates suggests an average linear ground 
water velocity rate as low as 10 ft/yr for the uppermost portion of the Ogallala Aquifer if we assume a 
porosity of 25%, a hydraulic conductivity of 3 ft/day and a hydraulic gradient of 0.002. Using the 
higher values of 10 ft/year for hydraulic conductivity and 0.003 for the gradient yields a average 
linear velocity of about 40 feet/year. An aquifer test is necessary to quantify hydraulic conductivity 
values, ground water velocity rates, specific capacity, well yields, and other parameters at the site. 

The chloride migration rate from a source is approximately the same as the ground water velocity. 

2.4 Vertical and Horizontal Extent and Magnitude of Vadose-Zone 
Impairment 

Plate 5 is a reproduction of the field map created by Elke Environmental showing the locations of the 
five sample borings within the former pit. The chloride concentrations with depth were derived from 
data in NMOCD on-line files for Case #AP-076. 

Based upon these data and experience at similar sites, brine from the pit probably migrated through 
the vadose zone to ground water via saturated flow during operation of the drilling pit or sometime 
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during the drying process At this site where the depth to water is about 31 feet below ground surface, 
the decline of chloride concentrations observed from about 22 feet below the base of the former pit 
(about 27 feet below ground surface) in TP-3, TP-4 and TP-5 is due to dilution of the migrating brine 
by ground water residing within the capillary fringe. The relatively low chloride concentrations 
observed at 16 feet in TP-1 and 8-10 feet in TP-2 suggest that saturated flow of brine through the 
vadose zone to ground water did not occur in the eastern portion of the reserve pit. 

The Laws of Fluid Dynamics, the Law of Gravity, the lithology of the unsaturated zone and years of 
experience characterizing releases from pits, ponds, lagoons, pipeline releases and tanks allow us to 
conclude with a very high degree of scientific certainty that the migration of brine released from the 
former reserve pit migrated vertically and horizontal dispersion in the vadose zone of only a few feet 
is expected. 

2.5 S urf ace- Wa ter Hydrology 
There are no surface water bodies within a mile of any of the South Four Lakes reserve pit sites with 
the exception of a windmill pond located approximately 1,500 ft northwest (up-gradient) from the 
South Four Lakes #13 well site. A recent water quality analysis from this windmill indicates 
concentrations of constituents of concern (chlorides - 167 mg/L, sulfate - 218 mg/L, TDS - 1,210 
mg/L, and BTEX - <0.001 mg/L) are near or below WQCC standards. 

3.0 Define Vertical and Horizontal Extent and Magnitude 
of Ground-Water above WQCC Standards 

3.1 Evaluation of Existing Data 
At the South Four Lakes #13 site, a ground water sample Monitoring Well #1 collected on January 
24th, 2008 shows a chloride concentration of 1,330 mg/L. The March 13,h sampling event shows a 
chloride concentration of 665 mg/L and a total dissolved solids (TDS) concentration of 3,670 mg/L. 
The laboratory did not detect (benzene, toluene, ethylbenzene, or xylenes (BTEX) in the March 
sample. Analyses for regulated hydrocarbons did not occur in the January sampling event. 

On March 27 th, Hicks Consultants performed a conductivity profile of the screened interval at MW-1 
at the South Four Lakes Unit #15 reserve pit site (located approximately 3,00 ft northwest from the 
#13 site) to determine if any chemical stratification in the uppermost saturated zone is present. First, 
we obtained a sample from the un-purged well by slowly lowering a bailer (to minimize mixing 
within the well) into the upper 3-feet of the water table to retrieve a sample for chloride, TDS, and 
specific conductivity analysis. We then slowly lowered the bailer to the base of the well and obtained 
a sample from a depth of 20-feet below the water table, ln theory the flow-through bailer with a ball 
seal should capture a discrete sample from the base of the well, provided the ball valve does not leak 
and disturbance in the well is minimal. In addition, the well was purged of more than 3 wells 
volumes (12 gallons) by hand bailing and a third sample was collected for the same suite of analyses. 
The results of these procedures are as follows: 

Sample-Interval •.A-f#:'*'v .. Specific Conductance' "V; Chloride . TDS • • 
0-3 feet below water table 3.72 mS/cm 1,100 mg/L 2,200 

17-20 feet below water table 9.33 mS/cm 3,100 mg/L 5,400 
After purging 13.3 mS/cm 4,700 mg/L 8,100 mg/L 

Page 3 of 7 



Pride Energy Company - South Four Lakes #13 Site 
Stage 1 Abatement Plan (AP-76) 

These data suggest that chemical stratification of the uppermost ground water zone is present at the 
#15 site. The uppermost portion of the aquifer is moderately impacted by the release from the reserve 
pit. The observation that the "discrete" sample from the lower 3-feet of the well exhibits a lower 
chloride concentration than the sample after purging may indicate that the center of mass of released 
brine is present between the upper 3-feet of the aquifer and the 17-20 foot depth of the lower 
"discrete" sample. Because all of the South Four Lakes reserve pit sites share a common history, we 
strongly suspect that the same phenomenon of chemical stratification will be present at all of these 
sites, including South Four Lakes #13. Additional testing is necessary to confirm these initial 
findings. 

Laboratory analytical reports are included in Appendix B. 

Based on the estimates of ground water velocity (Section 2.3), ground water is migrating relatively 
slowly at this site. The 50% decrease in chloride concentration over the 7-week period from January 
to March could be due to: 

• Dilution and dispersion of a relatively small mass of brine released to the aquifer 
from the former reserve pit due to horizontal ground water flow, 

• Sampling of the trailing portion of a slug of impacted ground water that has migrated 
down gradient, and/ or 

• Dilution and dispersion of brine released to the aquifer from the former reserve pit 
due to vertical density flow in the relatively fine-grained portion of the upper 
Ogallala Aquifer. 

Assuming that the release of brine occurred soon after drilling was completed at South Four Lakes 
#13 (May 2004), the down gradient extent of ground water impairment could be 30 ft to 150 feet 
southeast of the pit. 

3.2 Proposed Characterization Program 
Appendix C presents a conceptual model of chloride fate and transport in an aquifer below a reserve 
pit release. The following phased-approach is based upon the conceptual model and is intended: 

(i) To quantify the volume and geometry of ground water impairment caused by the release 
from the former reserve pit, and 

(ii) To collect data necessary for developing an appropriate ground water restoration strategy. 

The characterization program will commence in May and will include: 

1. Install Boring, Temporary Monitoring Wells or Permanent Monitoring Wells 

Using a hollow stem auger, drill one boring about 35 feet due east of the eastern edge of 
the former pit, a second boring about 35 feet due south of the former pit, and a third 
boring approximately 90 feet southeast (downgradient) of existing MW-1 as shown (See 
B- l , B-2 and B-3) on Plate 6. During this activity this plan calls for: 

a. Collection of a ground water grab sample through the drill pipe after penetration of 
the upper 5-feet of the saturated zone. Field detenriination of specific conductance 
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will be performed at 10-foot intervals starting at 5-feet into the saturated zone until 
the on-site hydrogeologist is satisfied that the vertical extent of ground water 
impairment is sufficiently defined, or until the Red Beds of the Dockum group is 
encountered; 

b. Installation of additional borings as necessary such that the on-site hydrogeologist is 
satisfied that the vertical and horizontal extent of ground water impairment is 
sufficiently defined. 

c. Based upon the results of ground water sampling program described above, the on-
site hydrogeologist may elect to install a temporary ground water monitoring well (or 
well cluster) at a boring location to confirm the findings through the collection of a 
sample consistent with standard industry methods (see Appendix D). 

d. After consideration of maintaining integrity of oil field equipment, access to the 
producing well, and other technical factors, the on site hydrogeologist will either 
convert a temporary well to a permanent down gradient monitoring well or install 
new wells such that the site will have two monitoring wells that are located near the 
down gradient edge of ground water quality impairment as defined by a field 
conductivity that correlates to a total dissolved solids concentration of less than 1,000 
mg/L based on comparison with previous analytical laboratory results. 

e. The permanent monitoring wells will be installed and sampled after appropriate 
development using methods consistent with industry standards (see Appendix D). 

2. Install Monitoring/Recovery Well 

After the boring and sampling program described above defines the approximate 
geometry of the zone of aquifer impairment, this plan proposes to drill a 4-inch 
monitor/recovery well at a point where highest salinity can be expected provided that the 
expected salinity exceeds 5,000 mg/L (a salinity that may be acceptable to mature 
livestock according toNMSU Guide M-l 12, 1995). 

a. The construction of any recovery well will be determined on-site and based upon the 
results of the boring characterization. This well construction will allow the collection 
of representative samples from the ground water depth zone exhibiting the highest 
impact (as measured by specific conductance) as well as recovery pumping from this 
zone. 

b. I f data suggest that downward vertical migration of released brine may continue 
within the aquifer, the on-site hydrogeologist may install a recovery will with two 
screened intervals permitting focused recovery pumping via well packers or a second 
recovery well completed in a deeper horizon. 

3. Evaluation of Well Boring Data 

The on-site geologist will create a lithologic log of the soil borings and refine the 
geologic and hydrologic characteristics. 

4. Source Removal and Testing 

I f the characterization program shows that ground water at this site exceeds 5,000 mg/L 
TDS, this plan proposes a 3-month source removal and test pumping program. The 
purpose of this pumping program is to determine i f ground water may be restored within 
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a short time and to assist in the evaluation of ground water abatement alternatives. Water 
from the recovery well will flow to the produced water storage tanks and thence to the 
nearby disposal well. Experience at similar sites suggests a pumping rate of 2 tolO 
gallons per minute is possible from wells completed in the upper portion of the Ogallala 
Aquifer. The proposed testing program consists of: 

a. Measurement of water levels in the recovery well and monitoring well(s): 

i . On a daily/hourly basis for the first two days of pumping, 

ii . On a weekly basis for the first month of pumping, and 

iii . On a monthly basis for the next two months. 

iv. On a daily/hourly basis after cessation of pumping (after at least 2-days of 
pumping) to collect recovery data for calculation of hydrologic parameters. 

b. Collection of ground water samples for chloride and TDS analysis on a monthly basis 
from the recovery well, 

c. Measurements of the flow rate and total flow from the recovery well at each site visit, 

d. Collection of ground water samples from all monitor wells before and after the 3-
month pumping program. 

4.0 Assessment of Restoration Options 

4.1 Vadose Zone Remedy 
To prevent infiltration of precipitation through the impacted vadose zone below the former pit and the 
attendant flux of chloride to ground water, this plan proposes to submit a vadose zone remedy 
proposal after characterization of ground water is complete. 

4.2 Ground Water Remedy 
Our preliminary evaluation of alternatives does not support a program that treats ground water and 
creates a waste (e.g. brine) that must be managed. Our analysis suggests that creation of a brine waste 
and the management of the waste and treatment system results in less benefit to the environment by 
creating more contamination (i.e. air pollution, dust, energy consumption) than it cures. 

A strategy of pump-and-use without treatment provides the highest environmental benefit if a bona 
fide use presently exists for the ground water. In the absence of a bona fide use for this ground water 
(e.g. future oil well drilling in the immediate area), a pump-and-use strategy probably does not create 
the highest environmental benefit. 

I f the ground water at the site is suitable for mature livestock (i.e. less than 5,000 mg/L TDS), then a 
pump-and-dispose ground water restoration strategy results in the loss of a useful commodity and is 
not consistent with conservation and best management practices for the groundwater resource. A 
pump-and-dispose strategy may be reasonable where the migration of 5,000 mg/L or greater TDS 
ground water threatens a well used for domestic purposes (drinking water), where ground water must 
be less than 1,000 mg/L; however that scenario is not applicable to this site. 

If a pump-and-use ground water restoration program is not possible and pump-and-dispose provides 
little benefit, the evaluation of alternatives suggests that natural restoration in conjunction with a 
groundwater monitoring program provides the highest environmental benefit. 
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5.0 Report to NMOCD 

After 3-months of monitoring ground water via the above mentioned wells, a report will evaluate the 
data collected and: 

1. Identify the location of any additional monitoring wells necessary to define the extent 
and magnitude of ground water impairment to the extent necessary for completing a 
ground water restoration program, 

2. Recommend: 

a. Implementation of a pump-and-use ground water restoration program, or 

b. Implementation of a natural restoration strategy. 

3. Provide a description, justification and design of the preferred ground water 
restoration strategy 

4. Provide a long-term monitoring program. 

5.1 Quality Assurance Plan 

The quality protocols proposed for this program are presented in Appendix D. 

5.2 Order of Proposed A ctivities 

1. Submit this Abatement Plan to NMOCD 

2. Conduct characterization program upon 

3. Design and submit a vadose zone remedy proposal 

4. Commence ground water testing program 

5. Submit a ground water remedy proposal to NMOCD 

6. Implement NMOCD-approved ground water remedy and begin long-term monitoring 
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Appendix B 
Laboratory Certificate of Analysis 

R.T. Hicks Consultants, Ltd. 
901 Rio Grande Blvd. NW, Suite F-142 

Albuquerque, NM 87104 



Analytical Report 299687 

for 

R.T. Hicks Consultants, LTD 

Project Manager: Randy Hicks 

Pride Energy Company 

South Four Lakes #13 

20-MAR-08 

12600 West 1-20 East Odessa, Texas 79765 

Texas certification numbers: 
Houston, TX T104704215 

Florida certification numbers: 
Houston, TX E871002 - Miami, FL E86678 - Tampa, FL E86675 

Norcross(Atlanta), GA E87429 

South Carolina certification numbers: 
Norcross(Atlanta), GA 98015 

North Carolina certification numbers: 
Norcross(Atlanta), GA 483 

Houston - Dallas - San Antonio - Austin - Tampa - Miami - Latin America 
Midland - Corpus Christi - Atlanta 
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20-MAR-08 

Project Manager: Randy Hicks 
R.T. Hicks Consultants, LTD 
901 Rio Grande Blvd. NW, Suite F-142 
Albuquerque, NM 87104 

Reference: XENCO Report No: 299687 
Pride Energy Company 

Project Address: T12S-R34E, Section 1, Unit Letter L 

Randy Hicks: 

We are reporting to you the results of the analyses performed on the samples received under the project name 
referenced above and identified with the XENCO Report Number 299687. All results being reported under 
this Report Number apply to the samples analyzed and properly identified with a Laboratory ID number. 
Subcontracted analyses are identified in this report with either the NELAC certification number of the 
subcontract lab in the analyst ID field, or the complete subcontracted report attached to this report. 

Unless otherwise noted in a Case Narrative, all data reported in this Analytical Report are in compliance with 
NELAC standards. Estimation of data uncertainty for this report is found in the quality control section of this 
report unless otherwise noted. Should insufficient sample be provided to the laboratory to meet the method 
and NELAC Matrix Duplicate and Matrix Spike requirements, then the data will be analyzed, evaluated and 
reported using all other available quality control measures. 

The validity and integrity of this report will remain intact as long as it is accompanied by this letter and 
reproduced in full, unless written approval is granted by XENCO Laboratories. This report will be filed for at 
least 5 years in our archives after which time it will be destroyed without further notice, unless otherwise 
arranged with you. The samples received, and described as recorded in Report No. 299687 will be filed for 
60 days, and after that time they will be properly disposed without further notice, unless otherwise arranged 
with you. We reserve the right to return to you any unused samples, extracts or solutions related to them if we 
consider so necessary (e.g., samples identified as hazardous waste, sample sizes exceeding analytical standard 
practices, controlled substances under regulated protocols, etc). 

We thank you for selecting XENCO Laboratories to serve your analytical needs. If you have any questions 
concerning this report, please feel free to contact us at any time. 

Brent Barron, 11 

Odessa Laboratory Manager 

Recipient of the Prestigious Small Business Administration Award of Excellence in 1994. 
Certified and approved by numerous Stales and Agencies. 

A Small Business and Minority Status Company that delivers SERVICE and QUALITY 

Houston - Dallas - San Antonio - Austin - Tampa - Miami - Atlanta - Corpus Christi - Latin America 

Respectfully, 
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Sample Cross Reference 299687 J 

R.T. Hicks Consultants, LTD, Albuquerque, NM 
Pride Energy Company 

Matrix Date Collected Sample Depth Lab Sample Id 

W Mar-13-08 11:00 299687-001 
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rwWRONMEHTAL; Certificate of Analysis Summary 299687 
R.T. Hicks Consultants, LTD, Albuquerque, NM 

Project Id : South Four Lakes #13 

Contact: Randy Hicks 

Project Name: Pride Energy Company 
Date Received in Lab: 

Report Date: 

Mar-14-08 05:16 pm 

20-MAR-08 

Project Locat ion: T l 2S-R34E, Section 1, Unit Letter L Project Manager: Brent Barron, II 

Lab Id: 299687-001 

Analysis Requested Field Id: \ MW-1 

Deplh: 

Matrix: ' WATER 

Sampled:] Mar-13-08 11:00 

Anions by EPA 300/300.1 Extracted: 

Analyzed:! Mar-15-08 10:29 

Units/RL: mg/L RL 

Chloride 665 10.0 

Sulfate 145 10.0 

BTEX by EPA 802IB Extracted: Mar-19-08 10:00 

Analyzed: Mar-19-08 17:08 

Units/RL: mg/L RL 

Benzene ND 0.0010 

Toluene ND 0.0020 

Ethylbenzene ND 0.0010 

m.p-Xylcncs ND 0.0020 

o-Xylene ND 0.0010 

Xylenes, Total ND 

Total BTEX ND 

Metals per ICP by SW846 6010B Extracted: 

Analyzed: Mar-17-08 16:36 

Units/RL: mg/L RL 

Calcium 134 0.100 

Magnesium ND 0.010 

Potassium 4.00 0.500 

Sodium ' 403 0.500 

TDS by SM2540C Extracted: 

Analyzed: Mar-17-08 16:00 

Units/RL:, mg/L RL 

Total dissolved solids 3670 5.00 

Total Alkalinity by EPA 310.1 Extracted: 

Analyzed: Mar-17-08 14:15 

Units/RL: mg/L RL 

Alkalinity, Total (as CaC03) 410 4.00 

This analytical repon. ami (he entire data package il represents. has been made for your exclusive and confidential use. 
The interpretations and results expressed throughout this analytical report represent the best judgment of XENCO Laboratories. 
XENCO Laboraiories assumes no responsibility and makes no warranty lo the end use of the data hereby presented. 
OUT liability is limited to the amount invoiced for this work order unless otherwise agreed to in writing. 

Since 1990 Houston - Dallas - San Antonio - Austin - Tampa - Miami - Latin America - Atlanta - Corpus Christi srent Barron 

Odessa Laboratory Director 
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r Flagging Criteria 

X In our quality control review of the data a QC deficiency was observed and flagged as noted. MS/MSD 
recoveries were found to be outside of the laboratory control limits due to possible matrix /chemical 
interference, or a concentration of target analyte high enough to effect the recovery of the spike 
concentration. This condition could also effect the relative percent difference in the MS/MSD. 

B A target analyte or common laboratory contaminant was identified in the method blank. Its presence 
indicates possible field or laboratory contamination. 

D The sample(s) were diluted due to targets detected over the highest point of the calibration curve, or due to 
matrix interference. Dilution factors are included in the final results. The result is from a diluted sample. 

E The data exceeds the upper calibration limit; therefore, the concentration is reported as estimated. 

F RPD exceeded lab control limits. 

J The target analyte was positively identified below the MQL(PQL) and above the SQL(MDL). 

U Analyte was not detected. 

L The LCS data for this analytical batch was reported below the laboratory control limits for this analyte. 
The department supervisor and QA Director reviewed data. The samples were either reanalyzed or flagged 
as estimated concentrations. 

H The LCS data for this analytical batch was reported above the laboratory control limits. Supporting QC 
Data were reviewed by the Department Supervisor and QA Director. Data were determined to be valid 
for reporting. 

K Sample analyzed outside of recommended hold time. 

* Outside XENCO'S scope of NELAC Accreditation 

Recipient of the Prestigious Small Business Administration Award of Excellence in 1994. 

Certified and approved bv numerous Stales and Agencies. 

A Small Business and Minority Status Company that delivers SERVICE and QUALITY 

Houston - Dallas - San Antonio - Austin - Tampa - Miami - Atlanta - Corpus Christi - Latin America 

Phone Fax 
11381 Mcadowglcn Lane Suite L Houston, Tx 77082-2647 
9701 Harry Hincs Blvd , Dallas. TX 75220 
5332 Blackberry Drive, Suite 104, San Antonio, TX 78238 
2505 N. Falkcnburg Rd.. Tampa. FL 33619 
5757 NW 158th St, Miami Lakes, FL 33014 
6017 Financial Dr., Norcross, GA 30071 

(281) 589-0692 
(214) 902 0300 
(210) 509-3334 
(813)620-2000 
(305)823-8500 
(770)449-8800 

(281) 589-0695 
(214)351-9139 
(210)509-3335 
(813)620-2033 
(305)823-8555 
(770) 449-5477 
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Form 2 - Surrogate Recoveries 
Project Name: Pride Energy Company r 

Work Order #: 299687 

Lab Batch #: 717610 Sample: 299447-003 S / MS 

Project ID: South Four Lakes #13 

Batch: 1 Matrix: Water 

Units: mg/L SURROGATE RECOVERY STUDY 

BTEX by EPA 802IB 

Analytes 

Amount 
Found 

[A] 

True 
Amount 

[B] 
Recover)' 

%R 
ID] 

Control 
Limils 

%R 
Flags 

1,4-Difluorobcnzcnc 0.0307 0.0300 102 80-120 

4-Bromofluoroberizcnc 0.0320 0.0300 107 80-120 

Lab Batch #: 717610 Sample: 299447-003 SD / MSD Batch: 1 M a t r i x : Water 

Units: mg/L SURROGATE RECOVERY STUDY 

BTEX by EPA 8021B 

Analytes 

Amount 
Found 

[Al 

True 
Amount 

[Bj 
Recover)' 

%R 
[D| 

Control 
Limits 

%R 
Flags 

1.4-Di fluorobenzene 0.0309 0.0300 103 80-120 

4-Bromo 11 uorobenzene 0.0322 0.0300 107 80-120 

Lab Batch #: 717610 Sample: 299687-001 / SMP Batch: 1 Matrix: Water 

Units: mg/L SURROGATE RECOVERY STUDY 

BTEX by EPA 8021B 

Analytes 

Amount 
Found 

[A] 

True 
Amount 

[BJ 
Recover)' 

%R 
[Dl 

Control 
Limits 

%R 
Flags 

1.4-Difluorobcnzcnc 0.0326 0.0300 109 80-120 

4-Bromo fluorobenzene 0.0330 0.0300 110 80-120 

Lab Batch #: 717610 Sample: 506150-1-BKS / BKS Batch: 1 M a t r i x : Water 

Units: mg/L SURROGATE RECOVERY STUDY 

BTEX by EPA 8021B 

Analytes 

Amount 
Found 

[A] 

True 
Amount 

|B | 
Recovery 

%R 
ID) 

Control 
Limits 

%R 
Flags 

1.4-Difluorobcnzcnc 0.0336 0.0300 1 12 80-120 

4-Bromofluorobcnzcnc 0.0353 0.0300 118 80-120 

Lab Batch #: 717610 Sample: 506150-1-BLK / B L K Batch: 1 M a t r i x : Water 

Units: mg/L SURROGATE RECOVERY STUDY 

BTEX by EPA 802IB 

Analytes 

Amount 
Found 

|A] 

True 
Amount 

IB) 
Recovery 

%R 
ID] 

Control 
Limits 

%R 
Flags 

1,4-Difluorobcnzcnc 0.0327 0.0300 109 80-120 

4-Bromofluorobenzcne 0.0328 0.0300 109 80-120 

** Surrogates outside limits; data and surrogates confirmed by reanalysis 

*** Poor recoveries due to dilution 

Surrogate Recovery fD] = 100 * A / B 
All results arc based on MDL and validated for QC purposes. 
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Form 2 - Surrogate Recoveries 
Project Name: Pride Energy Company 

Work Order #: 299687 
Lab Batch #: 717610 Sample: 506150-1-BSD / BSD 

Project ID: South Four Lakes #13 

Batch: 1 M a t r i x : Water 

Units: mg/L SURROGATE RECOVERY STUDY 

BTEX by EPA 8021B 

Analytes 

Amount 
Found 

IA) 

True 
Amount 

IB) 

Recover)' 

%R 

[Dl 

Control 
Limits 

%R 
Flags 

1.4-Difluorobcnzcnc 0.0306 0.0300 102 80-120 

4-Bromo fluorobenzene 0.0331 0.0300 1 10 80-120 

** Surrogates outside limits; data and surrogates confirmed by reanalysis 

*** Poor recoveries due to dilution 

Surrogate Recovery [D] = 100 * A / B 
All results arc based on MDL and validated for QC purposes. 
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Blank Spike Recovery 

Project Name: Pride Energy Company 

W o r k Order #: 299687 

Lab Batch #: 717368 

Date Analyzed: 03/17/2008 

Project I D : South Four Lakes #13 

Sample: 717368-l-BKS 

Date Prepared: 03/17/2008 

Matrix: Water 

Analyst: WRU 

Reporting Units: mg/L Batch #: 1 B L A N K / B L A N K SPIKE R E C O V E R Y STUDY 

Total Alkalinity by EPA 310.1 Blank Spike Blank Blank Control Total Alkalinity by EPA 310.1 
Result Added Spike Spike Limits Flags 

[Al IB] Result %R %R 
Analytes |C] ID) 

Alkalinity. Total (as CaC03) ND 200 172 86 80-120 

Lab Batch #: 717419 

Date Analyzed: 03/15/2008 

Sample: 717419-1-BKS 

Date Prepared: 03/15/2008 

Matrix: Water 

Analyst: LATCOR 

Reporting Units: mg/L Batch #: 1 B L A N K / B L A N K SPIKE RECOVERY STUDY 

Anions by EPA 300/300.1 Blank Spike Blank Blank Control Anions by EPA 300/300.1 
Result Added Spike Spike Limits Flags 

|A] IB] Result %R %R 
Analytes |C] [D] 

Chloride ND 10.0 9.45 95 85-115 

Sulfate ND 10.0 8.71 87 90-110 L 

Blank Spike Recovery [D] = I00*[C]/[B] 
All results arc based on MDL and validated tor QC purposes. 
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Form 3 - MS Recoveries 
Project Name: Pride Energy Company 

Work Order #: 299687 

Lab Batch #: 717419 

Date Analyzed: 03/15/2008 

QC- Sample ID: 299690-001 S 

Reporting Units: mg/L 

Date Prepared: 03/15/2008 

Batch #: 1 

Project I D : South Four Lakes # 

Analyst: LATCOR 

Matrix: Water 

13 

M A T R I X / M A T R I X SPIKE RECOVERY STUDY 

Inorganic Anions by EPA 300 Parent Spiked Samph Control Inorganic Anions by EPA 300 
Sample Spike Result %R Limits Flag 
Result Added [C] [Dl %R 

Analytes [AJ [B] 

Chloride 4150 1000 5250 110 85-115 

Sulfate 415 1000 1400 99 90-110 

Matrix Spike Percent Recovery [D] = 100*(C-A)/B 
Relative Percent Difference [E] = 200*(C-A)/(C+B) 
All Results arc based on MDL and Validated forQC Purposes 
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Sample Duplicate Recovery 

Project Name: Pride Energy Company 
W o r k Order #: 299687 

Lab Batch #: 717419 

Date Analyzed: 03/15/2008 

QC-Sample ID: 299690-001 D 

Project ID: South Four Lakes #13 

Date Prepared: 03/15/2008 Analyst: LATCOR 

Batch #: 1 Matrix: Water 

Reporting Units: mg/L SAMPLE / SAMPLE DUPLICATE RECOVERY 

Anions by EPA 300/300.1 

Analyte 

Parent Sample 
Result 

[AJ 

Sample 
Duplicate 

Result 
IB] 

RPD 
Control 
Limits 
%RPD 

Flag 

Chloride 4150 4140 0 20 

Sulfate 415 406 2 20 

Lab Batch #: 717329 

Date Analyzed: 03/17/2008 

QC-Sample ID: 299654-001 D 

Date Prepared: 03/17/2008 

Batch #: 1 

Analyst: LATCOR 

Matrix: Water 

Reporting Units: mg/L SAMPLE/SAMPLE DUPLICATE RECOVERY 

Metals per ICP by SW846 6010B 

Analyte 

Parent Sample 
Result 

[A] 

Sample 
Duplicate 

Result 
[BJ 

RPD 
Control 
Limits 
%RPD 

Flag 

Calcium 45.1 45.8 2 25 

Magnesium 22.6 21.8 4 25 

Potassium 8.64 8.45 2 25 

Sodium 172 172 0 25 

Lab Batch #: 717538 

Date Analyzed: 03/17/2008 

QC- Sample ID: 299683-002 D 

Date Prepared: 

Batch #: 

03/17/2008 Analyst: RBA 

Matrix: Water 

Reporting Units: mg/L SAMPLE/SAMPLE DUPLICATE RECOVERY 

TDS by SM2540C 

Analyte 

Parent Sample 
Result 

(A] 

Sample 
Duplicate 

Result 
[Bl 

RPD 
Control 
Limits 
%RPD 

Flag 

Total dissolved solids 978 972 1 30 

Lab Batch #: 717368 

Date Analyzed: 03/17/2008 

QC-Sample ID: 299680-001 D 

Date Prepared: 03/17/2008 

Batch #: 1 

Analyst: WRU 

Matrix: Water 

Reporting Units: mg/L SAMPLE/SAMPLE DUPLICATE RECOVERY 

Total Alkalinity by EPA 310.1 

Analyte 

Parent Sample 
Result 

[A] 

Sample 
Duplicate 

Result 
IB] 

RPD 
Control 
Limits 
%RPD 

Flag 

Alkalinity, Total (as CaC03) 228 236 3 20 

Alkalinity, Carbonate (as CaC03) ND ND NC 20 

Alkalinity, Bicarbonate (as CaC03) ND ND NC 20 

Spike Relative Difference RPD 200 * | (B-A)/(B+A) | 
All Results arc based on MDL and validated for QC purposes. 
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Environmental Lab of Texas 
Variance/ Corrective Action Report- Sample Log-In 

Ciient ~£ T . H . c V r S 

Date/T.me 3 H " 8 H .1^ 

Lab ID # / / 7 C / ; ? 

initials: ^ 

Sample Receipt Checklist 
Client Initials 

#1 Temperature of container/ cooler? M No " l - S °c 
#2 Shippinq container in qood condition? Y<S&> No 
#3 Custody Seals intact on shipping container/ cooler? No Not Present 
#4 Custody Seals intact on sample bottles/ container? Yes. No '^brPr'eseHD 
#5 Chain of Custody present? 

Y^tf 
No 

#6 Sample instructions complete of Chain of Custody? No 
#7 Chain of Custody siqned when relinquished/ received? w No 
#8 Chain of Custody aqrees with sample label(s)? No ID writlen on Cont./ Lid 

#9 Container labels) legible and intact? No Not Applicable 

#10 Sample matrix/ properties agree with Chain of Custody? No 
11 Containers supplied by ELOT? No 

#12 Samples in proper container/ bottle? fP No See Below 

#13 Samples properly preserved? No See Below 

#14 Sample bottles intact? No 
#15 Preservations documented on Chain of Custody? No 
#16 Containers documented on Chain of Custody? No 
#17 Sufficient sample amount for indicated test(s)? Vei No See Below 

#18 All samples received within sufficient hold time? T®i No See Below 

#19 Subcontract of sample(s)? Yes No j^TotAp plica blS 
#20 VOC samples have zero headspace? Y© No Not Applicable 

Variance Documentat ion 

Contact: Contacted by: Date/ Time: 

Regarding: 

Corrective Action Taken 

Check all that Apply: • See attached e-mail/ fax 
j | Client understands and would like to proceed with analysis 
j | Cooling process had begun shortly after sampling event 

Page 14 of 14 



WELL SAMPLING DATA FORM 

CLIENT: Pride Energy Company WELL ID: MW-1 

SITE NAME: S. Four Lakes #13 DATE: March 13, 2008 

SITE LOCATION: T12S-R34E-Sec 1 Unit L SAMPLER: Gil Van Deventer / Jason Jessup 

LAT/LONG: N 33° 18' 19.9", W 103° 28' 11.9" 

PURGING METHOD: 0 Hand Bailed • Pump If Pump, Type: 

SAMPLING METHOD: El Disposable Bailer • Direct from Discharge Hose • Other: 

DESCRIBE EQUIPMENT DECONTAMINATION METHOD BEFORE SAMPLING THE WELL: 

LTJ Gloves El Alconox El Distilled Water Rinse • Other: 

DISPOSAL METHOD OF PURGE WATER: • Surface Discharge • Drums El SWD Disposal Facility 

TOTAL DEPTH OF WELL: 43.2 Feet 

DEPTH TO WATER: 27.63 Feet 27'-47' bgs Well Screen Interval 
HEIGHT OF WATER COLUMN: 15.57 Feet 7.6 Minimum gallons to purge 3 well volumes 
WELL DIAMETER: 2.0 Inch 8 Actual Gallons purged 

TIME 
VOLUME 
PURGED 

TEMP. 

°C 
COND. 
mS/cm PH 

DO 
mg/L 

PHYSICAL APPEARANCE AND REMARKS 

10:44 AM 2 17.0 1.70 6.94 7.9 Silty reddish 

10:49 AM 4 17.5 1.89 7.28 7.4 

10:52 AM 6 17.5 2.06 7.34 7.4 Clearing somewhat 

10:55 AM 8 17.5 2.20 7.05 7.2 

11:00 AM Collected samples in the following containers: 

2 - 40 ml VOA + 1 - 1,000 ml plastic + 1 -500 ml plastic 

Total Time (hr:min) :Total Vol (gal) :Average Flow Rate (gal/min) 

COMMENTS: Hanna Model HI98130 used to obtain temperature, conductivity, & pH, measurements. 

Milwaukee Model SM600 used to obtain dissolved oxygen measurements. 

Delivered samples to Xenco Laboratories /Environmental Lab of Texas for BTEX, Major Ions, TDS, nitrate, Total Fe, and total Mn analy: 



Appendix C 
Chloride Conceptual Model 

R.T. Hicks Consultants, Ltd. 
901 Rio Grande Blvd. NW, Suite F-142 

Albuquerque, NM 87104 



Appendix C: Conceptual Model of Chloride Fate and 
Transport in an Aquifer Underlying a Reserve Pit 
Release 

The conceptual model considers the following factors: 

1. A release of chloride-rich drilling fluid occurred during the operation of the 
pit or during the drying process when the pit held fluid, creating saturated 
flow between the pit and ground water. 

2. Unsaturated transport of chloride from the residual pit material through the 
vadose zone to ground water after the pit dried is insignificant relative to 
transport via saturated flow described above. 

3. The fluid released from the pit was saturated brine or brine diluted with 
residual water from the fresh water drilling pit. Saturated brine has a 
significantly higher density than the fresh water in the aquifer. Saturated 
brine weighs almost 11 pounds/gallon. Fresh water weight approximately 8.3 
pounds/gallon. 

4. Saturated brine released from a drilling pit can: 
a. Move through the vadose zone via preferential pathways of saturated flow 

(e.g. through fractures) at the point of release, or 
b. Move in the voids between the liner and earth material then through 

preferential pathways of saturated flow 
5. When saturated brine enters the aquifer it will behave like a dense non

aqueous phase liquid (DNAPL) until diffusion, dilution and dispersion in the 
aquifer reduces the density of the brine and creates a mixed solution of brine 
and ground water. 

6. The depth of penetration of brine as a DNAPL depends upon many factors 
including: 
a. the total volume of brine released from the pit; 
b. the density of the brine when it enters the aquifer; 
c. the flux of brine into the aquifer through each preferential pathway; 
d. the vertical hydraulic conductivity, hydraulic gradient, porosity, aquifer 

thickness, and the longitudinal, transverse, and vertical dispersivities; 
e. the presence or absence of vertical pathways for DNAPL flow. 

Figure C-l illustrates a possible result where a relatively minor brine release enters an 
aquifer with a relatively high ground water flux. The mass of chloride released from the 
reserve pit is quickly dispersed and diluted, resulting in short-term minor impairment of 
ground water quality. 

Figure C-2 shows a possible result of a relatively large brine release to an aquifer with a 
ground water flux that is equal to or less than the first example. Note that Time 6 is 3-4 
years after the release, not 2-3 years as in the first example. Chloride concentrations in 
the monitoring well are higher due to the larger flux of brine into the aquifer. 



Figure C-3 shows a possible result where a relatively large brine release flows through a 
limited number of preferential pathways, causing a focused impact to a thin, fine-grained 
aquifer with a relatively low ground water flux. Because of these conditions, the depth of 
DNAPL penetration is greater than the previous examples. The brine DNAPL flows to 
the bottom of the aquifer and "settles" on the underlying aquiclude. 

Each brine release site will exhibit a unique set of conditions that will create a unique 
geometry of the impacted aquifer. These conceptual models of various brine release 
scenarios can assist in guiding the characterization effort at a given site. For example, 
deep ground water sampling points may not be necessary for the conditions described by 
Figure C-1. The conditions presented in Figure C-3 not only require monitoring of 
ground water at the base of the aquifer but may allow for cost-effective ground water 
restoration using a pumping well that focuses pumping at the base of the aquifer. 
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Appendix D 
Quality Assurance Protocols 

R.T. Hicks Consultants, Ltd. 
901 Rio Grande Blvd. NW, Suite F-142 

Albuquerque, NM 87104 



Designation: D 5784 - 95 (Reapproved 2000) 

Standard Guide for 
Use of Hollow-Stem Augers for Geoenvironmental 
Exploration and the installation of Subsurface Water-Quality 
Monitoring Devices 1 

This standard is issued under the fixed designation D5"M; tbe mtmbet cnmcdiaiely follow t n g the designation indicates tht year of 
original adoption or. 1:1 the case of revision, the year of last revision. A number itt parenibesrs tndicaves the year cf last reapproval. A 
superscript epsilnn it) inilî -btci an editorial change since the tail revision or reapproval 

1. Scope 

1.1 This guide covers how hollow-stem auger-drilling sys
tems may be used fur geoenvironmental exploration and 
installation of subsurface water-quality monilorins; devices. 

1.2 Hollow-stem auger iirilling lor geoenvironmental explo
ration and monitoring device installations often involves safety 
planning, administration, and documentation. This guide does 
not purport to specifically address exploration and site safety 

NOTE 1—This guide does not include considerations for geotechnical 
5he that ate addressjed in a separate Guide. 

1.3 The values stated in SI units are to be regarded as the 
Standard The ii:elt-pound »r.):.< g;v?n :n parentheses are f«r 
information only. 

1.4 This .standard does not purport w address all of the 
safety concerns, if any, associated with ils use. It is the 
responsibility of the user of this standard to establish appro
priate safety and health practices and determine ihe applica
bility of regulatory limitations prior lo use. 

J .5 This guide offers an organized collection of information 
or a series of options and does not recommend a specific 
course of action. This document cannot replace education or 
experience and should he used in conjunction with professional 
judgment. Not all aspects of this guide may be applicable in al! 
circumstances. This ASTM standard is not intended to repre
sent or replace the standard of care by which the adequacy of 
a given professional service must be judged, nor should this 
document be applied without consideration of a project's many 
unique aspects The word "Standard" in the title of this 
document means only that the document has beer, approved 
through the ASTM consensus process. 

2. Referenced Documents 

2.! ASTM Standards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids2 

I> 1452 Practice for Soil Investigation and Sampling by 
Auger Borings2 

1 This guide is under the jtjrisdklrGn of ASTM Comminee Dl & on Soil and Rock 
and is iht direct Teirponsibility of Subcumrnitlee DIS 71 on Grourii Waler and 
Vadose. Zone Investigations. 

Current edition approved Oci. 10. IV95. Published December 1995. 
2 Annual Book of ASTM Slanrlants, Vol 04.08. 

D 15S6 Test Method for Penetration Test and Split-Barrel 
Sampling of Soils2 

D 15ST Test Method for Thin-Walled Tube Sampling of 
Soils2 

D 2113 Test Method for Diamond Core Drilling for Sile 
Investigation2 

D 2487 lest Method for Classification of Soils for Engi
neering Purposes2 

D 24RR Practice for Description and Identification of Soils 
(Visual-Manual Procedure)3 

D 3550 Practice for Ring-Lined Bane! Sampling of Soils2 

D 4220 Practices for Preserving and Transporting Soil 
Samples7 

D 442B/D4428M Test Methods Tor Crosshole Seismic Test
ing 2 

D 4700 Guide for Soil Sampling from the Vadose Zone2 

D4750 Tes! Method for Determining Subsurface Liquid 
Levels in a Borehole or Monitoring Welt (Observation 
Weil) 2 

D 5079 Practices for Preserving and Transporting of Rock 
Core Samples3 

D 50S8 Practice for Decontamination of Field Equipment 
Used at Non-Radioactive Waste Sites3 

D 5092 Practice for Design and Installation of Ground 
Water Monitoring Wells in Aquifers 3 

D 5099 Test Method for Rubber--Measurement of Process
ing Properties Using Capillary Rheomelry4 

D 5254 Practice for Minimum Set of Data Elements to 
Identify a Ground-Waler SiteJ 

3. Terminology 

3.1 Definitions: 
3.1.1 Terminology used within this yuide is in accordance 

with Terminology D 653. Definitions of additional terms may 
be found in Terminology D653. 

3.2 Definitions of Terms Specific to This Standard: 
3.2.1 bentonite—the common name for drilling fluid addi

tives and well-construction products consisting mostly of 
naturally occurring montmorillonite. Some bentonite products 
have chemical additives that may affect water-quality analyses. 

1 Annual Beck of ASTM Standards, Vol 04.09 
' .inntia! Bi-oi o f ASTM Stantbxnk, Vol 0».0I. 

Copyright © ASTM. >OU t a n Hartior Dii*«. West CunslrorioUien. FA 19428-2MS. UmleiJ Slates. 



<0 D 5784 

3.2.2 bentonite granules ami chips-—irregularly shaped par
ades D1 bentonite liree from additives) that have been dried 
and separated into a specific size range. 

3.2.3 bentonite pellets—roughly spherical- ot disk-shaped 
units of compressed bentonite powder (some pellet manufac
turers coat the bentonite with chemicals that may affect the 
water-quality analysis). 

3.2.4 coefficient of uniformity-— C„ (D), the ratio D 6 n ' D ,,,, 
where Z) f t f l is the panicle diameter corresponding to 60 % finer 
on the cumulative particle-size distribution curve, and D H , is 
the panicle diameter corresponding to 10% finer on the 
cumulative particle-size distribution curve. 

3.2.5 continuous-sampling devices—barrel-type samplers 
thai fit within the lead auger of the hollow-auger column. The 
sampler barret fills with matenal as the augers advance. 

3.2.6 drill hola—a cylindrical hole advanced into the sub
surface by mechanical means Also known as borehole or 
boring. 

3.2.7 drawworks—a power-driven winch, or several 
winches, usually equipped with a clutch and brake systemfs) 
for hoisting or lowering a drilling string. 

3.2.8 filter pack—also known as a gravel pack or a primary 
filter pack in the praciice of monitoring-wetl installations. The 
gravel pack is usually granular material, having specified 
grain-si^e characteristics, thai is placed between a monitoring 
device and the borehole wall. The basic purpose of the filter 
pack or grave) envelope is lo act as: (7) a none-logging filter 
when the aquifer is nol suited to natural development or, (2) act 
as a formation stabiliser when the aquifer is suitable for naiural 
development. 

3.2.8.1 Discussion—Under most circumstances a clean, 
quartz sand or gravel should be used. In some cases a 
pre-packed screen may be used. 

5.2.9 j'luid-inkcriO'i devices—usually consist of various au
ger components or drill-ng attachments that may be used to 
inject a fluid within a hollow-auger column dunng drilling. 

3 2.10 grout packer—an inflatable or expandable annular 
plug tha! is attached to a tremie pipe, usually positioned 
immediately above ihe discharge end of the pipe. 

3.2.1! grout shoe—a drillable plug containing a check valve 
that is positioned within the lowermost section of a casing 
column. Grout is injected through the check valve to fill ihe 
annular space between the casing and the borehole wall or 
another casing. 

3.2.11.) Discussion—-The composition o f the drillable plug 
should be known and documented. 

3.2.12 hoisting line—or drilling line, is wire rope used on 
the drawworks to hoist and lower the drill string. 

3.2.13 in situ testing devices—sensors or probes, used to 
obtain mechanical or chemical-test data, that are typically 
pushed, rotated, or driven below the bottom of a borehole 
following completion of an increment of drilling However, 
some in situ testing devices (such as electronic pressure 
transducers, gas-lifi samplers, tensiometers, and and so forth) 
may require lowering and setting o f the device(s) in a preex
isting borehole by means of a suspension line or a string of 
lowering rods or pipe Centralizers may be required to cor
rectly position the device!s) in the borebok-

3.2.14 intermittent-sampling devices—-usually barrel-type 
samplers lhat may be totaled, driven, or pushed below the 
bottom of a borehole with drill rods or with a wireline system 
to lower, drive, and retrieve the sampler following completion 
of an increment of drilling. The user is referred to the following 
ASTM standards relating to suggested sampling methods and 
procedures: Practice D 1452, Test Method D 1586, Practice 
D3550. ond Practice D 158? 

3.2.15 mast—or derrick, on a drilling rig is used for 
supporting the crown block, top drive, pulldown chains, 
hoisting lines, and so forth, l l must be constructed to safely 
carry the expected loads encountered in drilling and comple
tion of wells of the diameter and depth for which the rig 
manufacturer specifies the equipment. 

3.2.16 Discussion—To allow for contingencies, it is recom
mended that the rated capacity of the mast should be at least 
twice the anticipated weight load or normal pulling load. 

3.2.17 piezometer—an instrument for measuring pressure 
head. 

3.2.18 subsurface water-quality monitoring device— an 
instrument placed below ground surface to obtain a sample for 
analyses of the chemical, biological, or radiological character
istics of subsurface pore water or to make in-situ measure
ments. 

4. Significance and Use 

4.1 Hollow-stem auger drilling may be used in support of 
geoenvironmental expioralion (Practice D 3550, Test Method 
D 442S) and for installation of subsurface water-quality moni
toring devices in unconsolidated materials. Hollow-stem auger 
drilling may be selected over olhei methods based on the 
advantages over other methods. These advantages include: the 
ability to dnll without the addition of drilling fluid(s) to the 
subsurface, and hole stability for sampling purposes (see Test 
Methods D 1586. D 1587, D 2487. and D 2488) and monitor-
wel) construction tn unconsolidated to poorly indurated mate
rials. This drilling method is generally restricted to the drilling 
of shallow, unconsolidated materials or softer rocks. The 
hollow-stem drilling method is a favorable method to be used 
for obtaining cores and samples and for the installation of 
monitoring devices in many, but not all geologic environments. 

Nort 2—In many geologic environments the hollow-siem auger drill
ing method can be used for drilling, sampling, and moniloring-deviee 
installations without tbe addition of fluids to Ihe borehole. However, in 
esses where heaving waicr-bearing sands or silts aie encountered, ihe 
addition of water oi drilling mud to the hollow-auger column may become 
necessary to inhibit the piping of these fluid-like materials into the augers. 
These drilling conditions, if encountered, should be documented. 

4,!1 The application of hollow-stem augers to geoenviron
mental exploration may involve ground water and soil sam
pling, in-silu or pore-fluid testing, or utilization of the hollow-
auger column as a casing lor subsequent drilling activities in 
unconsolidated or consolidated materials (Test Method 
D2113). 

NOTE 3—The user may install a monitoring device within the same 
auger borehole wherein sampling or in-situ or pore-fluid testing was 
performed. 

4.1.2 The hollow-stem auger column may be used as a 
temporary easing for installation of a subsurface water-quality 
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monitoring device. Tbe monitoring device is usually installed 
as tbe hollow-auger column is removed from ihe borehole. 

4.2 The subsurface waler-qualiiy monitoring devices that 
are addressed in this guide consist generally of a screened or 
porous intake device and riser pipe(s) that are usually installed 
with a filter pack to enhance the longevity of the intake unit, 
and with isolation seals and low-permeability backfill to deter 
the movement of fluids or infiltration of surface water between 
hydrologic units penetrated by the borehole (see Practice 
D 5032). Inasmuch as a piezometer is primarily a device used 
for measuring subsurface hydraulic heads, the conversion of a 
piezometer to a water-quality monitoring device should be 
made only after consideration of the overall quality and 
integrity of the installation, to include the quality of materials 
that wi l l contact sampled water or gas. 

NOTF. 4- Both water-quality monitoring devices and piezometers 
should have adequate casing seals, annular isolation seals, snd backfills to 
deter the movement of fluids between hydrologic units. 

5. Apparatus 

5.1 Eaeh auger section of the hollow-stem auger-column 
assembly consists of a cylindrical tube with continuous helical 
flighting rigidly attached to the outer surface of the tube (see 
Fig. 1). The hollow-auger section has a coupling at each end 
for attachment of a hollow-auger head lo the bottom end of the 
lead auger section and for atlacSunent of additional auger 
sections at the top end to make up the articulated hollow-stern 
auger column. 

Nou 5—The inside diameter of the hollow-stem auger column is 
usually selected to provide an opening large enough foi insertion of 
moniloring-deviee components such as the screened inlalce and tiller pack 
and installation devices such as a uemie pipe. When media sampling is 
requited, Ihe optimum opening should permit easy insertion and retraction 
of a sampler or core barrel. When a monitoring device is installed, the 
annular opening should provide easy insertion cf a pipe with an inside 
diamcicr large enough for placing completion materials adjacent lo the 
riser 

Center 
rod Hollow-

stem 
auger 

Hollow 
auger 

heod 

Pilot 
assembly 

NOTE I—Vanous pilot assemblies not shown here may vary 
FIG. 1 Sketch Showing Basic Hollow-Stem Auger Components 

5. I . I Hollow-Auger Head, attached to the lead auger of the 
hollow-auger column and usually contains replaceable, 
abrasion-resistant cutters oi teeth Iscc Fig. 1). As the hollow-
auger head is rotated, it cuts and directs the cuttings to the 
auger flights which convey the cuttings lo Ihe surface. 

5.1.2 Auger-Drive Assembly, attaches lo ihe uppermost 
hollow-auger section and transfers rotary power and axial force 
from the drill rig to the auger-column assembly. 

5.1.3 Pilot Assembly, may consis! of: IJ) an auger bead 
aperture-plugging device with or without a center cutting head, 
or (2) a sampling device that is used to sample simultaneously 
with advancement of the auger column. 

5.1.4 Auxiliary Components of a Hollow-Auger Drilling 
System, consist of various devices such as auger-eonnecior 
wrenches., auger forks, hoisting hooks, and fluid-injection 
swivels or adapters. 

5,2 D r i l l Rig. used to rotate and advance the auger column. 
Tbe drill ng should be capable of applying the rated power at 
a rotary velocity of 50 to 100 r.'min. The drill rig should have 
a feed stroke of at least the effective lenglh of the auger 
sections plus the effective length of the auger couplings plus 
about 100 mm (4 in ). 

6. Drilling Procedures 

6.1 As a prelude to and throughout the drilling process 
stabilize the drill rig and raise the drill-rig mast. Attach an 
initial assembly of hollow -auger components ( see Fig. 1) to the 
rotary drive of the drill rig. 

NOTE 6—The drill rig. drilling and sampling lools, the rotary gear or 
chain case, the spindle, and all components of tbe rotary drive above Ihe 
auger column should be cleaned and decontaminated prior to drilling 
according lo Practice D50S!». All lubricated rnla/y gear or chain cases 
should be monitored for leaks during drilling. Any lubricants used should 
be documented. Lubricants wilh organic oi metallic constituents that could 
be interpreted us contaminants if delected in a soil or water sample should 
not be used on auger couplings. Any instances of possible contamination 
should be do: jrnentcd 

6.2 Push the auger-column assembly below the ground 
surface and initiate rotation at a low velocity. 

NOTF. 7—If surface contamination is suspected, special drilling proce
dures may be required to deter transport of contaminated materials 
downhole. Foi example. Ihe augers iind auger head may be removed and 
cleaned according to Practice D 5DS8 following dnlting of the iniiial 
increments. Complete removal of the augers from a boring may allow 
caving and cross contamination of materials (especially below the waler 
table). When augers arc reinserted, attempts should be made to note if 
caving or sloughing, or hoth, has occurred in the borehole and the 
information documented. 

6.3 Then continue drilling, usually al a rotary velocity of 
about 50 to 100 r.'min, and to a depth where intermittent 
sampling or in situ testing is required, or until the drive 
assembly is advanced to within about 0.15 to 0.45 m (6 to 18 
in.) of the ground surface. Soii sampling is usually accom
plished by either of two methods: (/) removing the pilot 
assembly, i f being used, and inserting and driving a sampler 
through the hollow stem of the auger column, or (2) using a 
continuous sampling device within the lead auger section. In 
the latter case the sampler barrel fills with material as the 
hollow-auger column is advanced, lt should be noted that the 
pilot assembly and any sampling devices should be cleaned and 

3 
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decontaminated according to Practice D 5088 alter each use 

and prior to reinsertion in the hollow-3uger column. Water 

sampling can also be done through the hol low-stem augers 

when using augers w j i b watertight connections 10 prevent f luid 

leakage f rom occurring al the connections: (1) by al lowing the 

auger column I D fill w i t h waler through the use ol a screened 

lead auger section; (2) by a l lowing the auger column to f i l l 

f rom the bot tom; (.?) by using a soil-penetrating water sampling 

device that can be lowered into ihe hollow-auger column and 

either driven, rotated, or pushed oul through the bottom or lead 

auger into the undisturbed material below the auger head. 

Nurt S - Under some circumstances il may be effective to drill without 
using a pilot assembly. I f a pitor assembly is not used, however, and water 
is nol injected into the auger column simultaneously Willi advancement, 
material will often enter the hollow slem of Ihe auger column. The 
addition of water lo the auger column during drilling may deter material 
entrance btu, on the other hand, may also utfect both the mechanical and 
chemical charaeieristics of soil samples and ihe quality' of water samples. 
Therefore, i f waler is added and ihe chemistry determined, the approxi
mate volume(s) added over specific intervals and the waier chemistry 
should be documented. 

6.4 Accomplish d r i l l i ng at greater depths by attaching 

additional hollow-auger sections io the lop o f tbe previously 

advanced hollow-auger column assembly. 

NOTE 9— Cuttings are removed periodically from around the top of ihe 
auger column. Soil cuttings above the ground water may be representative 
of deposits being penetiated i f proper cunings-rerum rates are maintained 
Callings from below Ihe ground water surface are likely to be mixed from 
varying formations in the hole and are usually not lepieseniarive of 
deposits at the end of the auger i f cuttings are sampled for classification 
(see Practice D2dR8) and relation lo lithology report and document Ihe 
intervals sampled If dniling is performed in contaminated soil and 

curlings control is required, dniling through a hole in a sheet of plywood 
or similar material held securely above Ihe boiehole by the siabihzing 
jacks of Ihe driil ng will usually facilitate cuttings control. Containment 
and disposal of contaminated and potentially contaminated drilling fluids 
nnd associated cuttings should be in accordance with applicable regula
tions. 

f> 5 When dr i l l ing must progress through material suspeclcd 

o f being contaminated, installation of single or multiple 

(nested) casings may be required to isolate zones o f suspected 

contamination. Install isolation casings in a predrilled borehole 

or by using a casing advancement method. However, when 

attempting to auger inside the casing, the column of cuttings 

return may cause the augers tc bind in the casing. Then install 

a grout seal usually by applying llie grout at the bottom of the 

annulus wi th the aid o f a tremie pipe, and a grout shoe or a 

grout packer. A l l o w the grout lo set before dr i l l ing activities are 

continued. 

7. Ins ta l la t ion of M o n i t o r i n g Devices 

7.1 Subsurface water-quality moni tor ing devices arc gener

ally installed using hollow-stem augers fo l lowing the three-

step procedure shown in Fig. 2. The three steps are: (J) dni l ing, 

w i th or wi lhoui sampling. (2) removal o f the pilot assembly, i f 

being used, and insertion o f the moni tor ing device, and (3) 

incremental iemova! o f the hollow-auger column as comple

tion materials such as filler pack, annular seals, and backfill are 

installed as required. 

Mint t()—Removal of rhe pilot assembly following an increment of 
di i lltr,££ or prior lo installation of a monitoring, device should be perfonned 
so that the entrance of material inio ihe bottom of the hoilowauger stem 
is minimized. Tht efficacy of pilot assembly removal will depend upon 
several principal factors: ( / ) the characier of Ihe soil at the auger head, (2) 
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Ihe water levels inside and oulside Ihe auger prior to removal of Ihe pilot 
assembly. (.!j the type of pifoi assembly used (special designs of pilot 
assemblies can be used to reduce the suction effect of removing the pilot 
bit), and ( f ) ihe speed of removal. As drifting piogTesses in saturated, 
granular materials. ;l usually becomes progressively more difficult to 
maintain the siability of the maierial below Ihe auger column because of 
unbalanced hydraulic heads. The stability of the matenal below the auger 
head may be enhanced by using special pilot assemblies ot injecting water 
of known chemistry into the hollow auger during drilling. I he injection of 
water into a borehole usually requires consideration and documentation of 
the effects of injected water on (/) quality of subsequent chemical 
analyses of sampled waler, and (_"") ihe possible addition of moisture or 
Contaminants 10 sampled materials. 

7.1.1 I f materials enier the bottom of the auger hollow stem 
dunng removal of the pilot assembly, remove it with a bailer, 
drive sampler, or other device. 

Nurt: 11—If heaving occurs, the amount of material entering ihe 
hollow- stem auger column should be documented- The effective use of a 
bailer mav require the addition of a fluid lo Ihe augei stern 

7.1.2 If sampling or in situ testing is not required during 
drilling for installation of a monitoring device, advance the 
boring (for some geologic- conditions) by using an expendable 
knockout plate or plug of known chemistry instead of a pilot 
assembly. 

NOTF 12—Knockout plates or plugs usually remain in llie gtound close 
lo the monitoring device Therefore, ihe materia! components for knock 
mil plales oi pings should be selected based on their possible effects on 
subsequent measurements or analyses and the information documented. It 
may be necessary to fill or partially fill the auger stem with water of 
known chemistry to prevent blow-in, piping, or sanding in al the time of 
ihe olate or plug removal. Refer to Note 7 for considerations regarding 
adding water ID ihe hollnw-.niger stem. 

7.1.3 Use an auger head with an integral, hinged aperture 
cover to deter entrance of materials inio the auger stem. 

7.2 Assemble water-quality monitoring devices, with at
tached fluid conductors (risers), and suspend in tension prior to 
placement of filler pack and during placemen! of filter pack in 
ihe borehole (with the least possible addition of contaminants). 

7.2.1 Some materials, such as screens and risers, may 
require cleaning or decontamination, or both, al the job site 
(see Practice D 5088). 

7.2.2 Prior to installation, store all monitoring device male-
rials under cover and place upwind and well away from the 
dnll ng and other sources of potential contamination such as 
electrical generators, air compressors, or industrial machinery. 

7.2.3 Clean hoisting tools, particularly wire rope and hoist
ing swivels, and decontaminate according to Practice D 5088 
before using. 

7.3 Select filter materials, bentonite pellets, granules and 
chips, and grouts and install to specific subsurface monitoring 
requirements. The thickness of the emplaced materials and 
extension of the materials above the top of the screen should be 
sufficient to adequalely seal the well and monitoring device(s) 
against contamination effects of fluid movement between 
hydrologic units and infiltration of surface contaminants. 

7.3.1 Filter packs for monitoring devices are typically 
installed by withdrawing the hollow augers in small incre
ments, while simultaneously adding small increments of filter 
material. Record the total volume of filter materials installed 
and the depth to the upper surface of the filter pack and 

compare to calculaied volumes of maierial required for 
completion. Consider any discrepancies occurring between the 
actual volume of material used and the calculated volume 
required prior to proceeding to ensure proper completion. If 
filter material bridges within the hollow auger-riser annulus 
during installation, use tamping rods or oiher tamping devices 
to dislodge tbe bridge. 

NOTE. 13 -Filler packs for monitoring devices installed in a saturated 
zone arc typically selecied on the basis of Ihe grain sire characteristics of 
the hydrologic unit adjacent lo the screened intake (screen si*e should be 
less than the grain si2C of the formation adjacent to the screened intake) 
Filter-pack material is often inserted from above ground surface within the 
annulus of the hollow auger and the riser and is distributed by gravity 
around the screened intake. Filler-pack maierial with a uniformity 
coefficient of less lhan 2.5 is ordinarily selected to minimize in-place 
segregaiinn of grain si2es. For some circumstances, such as installations 
under waler in uniform, fine lo very fine sand soils, the filler should be 
installed wiib a tremie pipe io minimize segregation of particle sizes. 
Filter packs for vadosc-zone monitonng devices may be predominantly 
silt sized. These filter maierials are ofien mixed with water of known 
quality, inserted through a tremie pipe, and lamped into place sround ihe 
device. 

NOTE 14 Effective installation of ihe filler pack, the seal above the 
filter pack, and the groul above the seal may be difficult lo achieve. 
Consideration should be given to allow for sufficient annular space 
between the monitoring device and the hollow-stem auger to accommo
date the tremie pipe. Under some circumstances, the filter pack may be 
more successfully installed by injecting or inserting waler of known 
chemistry into the hollow-auger annulus cither before or dunng incremen
tal pull-back of ihe auger column. Enough water should be injected io both 
fill Ihe space previously occupied by the auger flights and to maintain or 
slightly increase the head within the auger-hollow stem. This additional 
head within die auger-hollow siem provides an outward seepage force on 
ihe wall of the borehole as the augers are retracted The additional head 
deters caving prior to insiallalion of filler or sea) maierials. Approximate 
volumes of water used and water losses should be documented. 

7.4 Usually place sealing materials consisting, of eilher 
bentonite pellets, chips, or granules directly above the filler 
pack 

NOIE 15—tt may be effective, when gianular filteis are used. lo install 
a thin, fine sand, secondary filter either below ihe annular seal or both 
above and below die seal. These secondary filters are installed to proiect 
ihe monitoring device, primary filler pack, arti seal from intrusion of grout 
installed above the seal. 

NOTE 16—A measured volume of water of known chemistry is often 
placed in the annulus on lop of a dry bentonite seal lo initiate hydration; 
however, hydration of a sea] may require from fi lo 24 h 

7.5 The backfill that is placed above the annular seal is 
usually a bentonite- or cement-base grout. 

NOTE 17—Grouts should be designed and installed in consideration of 
the ambient hydrogeologic conditions. The constituents should be selected 
and documented according to specific performance retirements. Typical 
grout mixtures are given in Practice D 5092 and Test Meihod D 4428. 

NOTE 1R- —Grouting equipment and pipes should be cleaned and decon
taminated according to Practice D 50S8 prior lo use and should be 
constructed of materials that do not "leBch" significant amounts of 
contaminants to Ihe grout. 

7 5 1 When a tremie pipe is used, control its initial position 
and grouting pressures to prevent materials from being jetted 
into underlying seal(s) and filter(s) (use of a tremie pipe having 
a plugged bottom and side-discharge ports should be consid
ered to minimize bottom-jetting pioblems). 
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7.5.2 After placement of the initial 1.5 to 3 m {5 to 10 ft) of 
grout above the underlying filter or seal, discharge additional 
groul at a deplh of about 1.5 to 3 m below the grout surface. 

NOTI 19—The need for chemical analysis of" samples of each gjout 
component and the final mixture should be consideied and documented. 

7.5 3 Install the grout from the bottom of the borehole to the 
lop of the borehole so as to displace fluids in the borehole. 

8- Development 

8.1 Most monitoring device installalions should be devel
oped to remove suspended solids from disturbance of geologic 
maierials during installation and to improve Ihe hydraulic 
characteristics of the filter pack and the hydrologic unit 
adjacent to the intake The method(s) selected and time 
expended to develop the installation and changes in quality of 
water discharged at the surface should be observed and 
recorded. 

NOTF 20—Under mosl circumstances, development should be initialed 
as soon as possible following grouting and well completion operations. 
Fur suggested well-development methods and techniques, the user is 
referred to Test Meihod D 5099. However, time should be allowed for 
setting of groul. 

9. Field Report and Project Control 

9.1 The field report should include information recom
mended under Guide D 5434, and identified as necessary and 
pertinent to the needs of Ihe exploration program. 

9.2 Other information in addition to Guide D 5434 should 
be considered i f deemed appropriate and necessary- to the 

requirements of ihe exploration program. Additional informa
tion should be considered as follows; 

9.2.1 Drilling Methods: 
9.2.1.1 Description of ihe hollow-stem auger system. 
9.2 .1.2 Type, quantities, and locations in the borehole of use 

of water or additives added. 
9.2.1.3 Description of cuiiings return, including quantities, 

and 
9.2.1.4 Descriptions of drilling conditions related to roiation 

rates, and general ease of drilling as related to subsurface 
materials encountered. 

9.2.2 Sampling—Document conditions of the bottom of the 
borehole prior to sampling nnd report any slough or cuttings 
present in the recovered sample. 

9.2.3 Jn Situ Testing: 
9.2.3.1 For devices inserted below the bottom of the bore

hole, document the depths below the bottom of the hole and 
any unusual conditions during tcsling. and 

9.2.3.2 For devices testing or seating al the borehole wall, 
report any unusual conditions of the borehole wall. 

9.2.4 Installations—A description of well-completion mate
rials and placement methods, approximate volumes placed, 
depth intervals of placement, methods of confirming place
ment, and areas of difficulty of maierial placement or unusual 
occurrences. 

10. Keywords 

10.1 drilling; geoenvironmema) exploration, ground water: 
vadose zone 
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IMTEKHtTIOItiL 

'? Designation: D 4448 - 01 

Standard Guide for 
Sampling Ground-Water Monitoring Wells 1 

This standard is issued under the fixed designation D4443; the number immediately following ihe de îgrianon mchcaics the year of 
original adoption or, in the case nf revision, ihe year cf last revision A number in parentheses indicates the y-iar of lasi teapproval. A 
superscript epsilcn ( t l indicates ao editorial chanEe since rhc lasl revision or reapprovjl. 

1. Scope 

1.1 I his guide covers sampling equipment and procedures 
and "in the field" preservation, and it does not include well 
location, deplh, well development, design and construction, 
screening, or analytical procedures that also have a significant 
bearing on sampling results.This guide is intended to assist a 
knowledgeable professional in the selection of equipment for 
obtaining representative samples from ground-water monitor
ing wells that STC compatible with the formations being 
sampled, the site hydrogeotogy, and the end use of the data. 

1.2 This guide is only intended to provide a review of many 
or the most commonly used methods for collecting ground
water quality samples from monitoring wells and is not 
intended to serve as a ground-waier monitoring plan for any 
specific applicition. Because of the large and s\er increasing 
number of options available, no single guide can be viewed as 
comprehensive. The practitioner must make every effort to 
ensure thai the methods used, whether or not ihey are ad
dressed in this guide, are adequate to satisfy the monitoring 
objectives at each site. 

1.3 The values slated in SI units are to be regarded as 
standard. The values given in parentheses are provided for 
information only. 

1.4 This standard does not purport to address ai! of the 
safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro, 
prime safety and health practices and determine the applica
bility of regulatory limitations prior to use 

2. Referenced Documents 

2.1 ASTM Standards: 
D 4750 Test Method for Determining Subsurface Liquid 

Levels in a Borehole or Monitoring Well (Observation 
Well) 2 

D 5088 Practice for Decontamination of Field Equipment 
Used at Nonradioactive Waste Sites2 

D 5792 Practice for Generation of Environmental Data 
Related lo Waste Management Activities: Development of 

' This guide is under ihe jurisdiction of ASTM Committee D34 on Waste 
Management and is tfie direct responsibility uf Subcommittee D34 01 on Sampling 
and MoniloririR. 

Current edition approved Aug. 10, 2001 - Published November 2001. Originally 
published as n444S-85. Usl previous edition D 4448-S!5a (19921. 

3 Annual Book of ASTM Standards, Vpl 04.03. 

Data Quality Objectives" 
D 5903 Guide for Planning and Preparing a Ground-Water 

Sampling Event-1 

D 6089 Guide for Documenting a Ground-Water Sampling 
Event4 

D 6452 Guide for Purging Methods for Wells Used for 
Ground-Water Quality Investigations'* 

D 6 5 I 7 Guide for Field Preservation of Ground-Water 
Samples1 

2.2 EPA Standards: 
EPA Meihod 9020A 
EPA Method 9022 

3. Terminology 

3 ! Definitions: 
3.1.1 low-flow sampling—a ground water sampling tech

nique where the purge and sampling rates do not result in 
significant changes in formation seepage velocity. 

3.1.2 minimal purge sampling—the collection of ground 
waler that is representative of the formation by purging only 
the volume of water contained by the sampling equipment (that 
is, tubing, pump bladder). 

3.1.2.1 Discussion--This sampling method should be con
sidered in situations where very low yield is a consideration 
and results from this sampling method should be scrutinized lo 
confirm that they meet data quality objectives (DQOs) and the 
work plan objectives. 

3 1.3 passive' sampling—the collection of ground-water 
quality data so as to induce no hydraulic stress on the aquifer. 

3.1.4 water quality indicator parameters—refer to field 
monitoring parameters lliat include but are not limited to pH, 
specific conductance, dissolved oxygen, oxidation-reduction 
potential, temperature, and turbidity that are used to monitor 
the completeness of purgmg-

4. Summary of Guide 

4.1 The equipment and procedures used for sampling a 
monitoring well depend on many factors. These include, but 
are not limited to: the design and construction of the well, rate 
of ground-water flow, and the chemical species of interest. 
Sampling procedures may be different i f analyses for trace 
organics, volatiles, oxidizable species, or trace metals are 

^Annual Bock uj ASTM Standards, Vol l l . w . 
'Annunl Book af ASTM Standards, Vol 04.09. 

Copyright IB AS7M Intonvrional. 100 Barr Harbor Drive. PO Bo* C700. Wosl CensliohDrtw, PA 19426-2953, United States. 
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needed. This guide considers ail of these factors hy discussing 
equipment and procedure options at each stage of the sampling 
sequence. For ease of organization, the sampling process can 
be divided into three steps: well purging, sample withdrawal, 
and field preparation of samples. Certain sampling prolocols 
eliminate the first step. 

4.2 The sampling must be well planned and all sample 
containers must be prepared pnor to going to the field These 
procedures should be incorporated in the approved work plan 
that should accompany the sampling crew so thai they may 
refer to it for guidance on sampling procedures and analytes to 
be sampled (see Guide D 5903). 

4.3 Monitoring wells must be either purged to remove 
stagnant water in the well casing or sieps must be taken to 
ensure that only water meeting the DQOs and ihe work plan 
objectives is withdrawn during sampling (see Praclice D 5792). 
When well purging is performed, it is accomplished by either 
removing a predetermined number of well volumes or by the 
removal of ground water until stable water quality parameters 
have been obtained. Ideally this purging is performed with 
minimal well drawdown and minima! mixing of the formation 
water with the stagnant water above the screened interval in the 
casing. Passive sampling and the minimal purge methods do 
not attempt to purge the water present in the monitoring well 
prior to sampling ( l ) . 5 The minimal purge meihod attempts to 
purge only the sampling equipment. Each of these methods is 
discussed in greater detail in Section 6. 

4.4 The types of chemical species that are to be sampled as 
well as the leporting limits are prime factors for selecting 
sampling devices (2, 3) The sampling device and all materials 
and devices the water contacts must be constructed of materials 
that will not introduce contaminants or alter the analytes of 
concern in any way. Material compatibility is further discussed 
in Section 8. 

4.5 The method of sample collection can vary' with the 
parameters of interest. The ideal sampling scheme employs a 
completely inert material, does not subject the sample to 
pressure change, does not expose the sample to the atmosphere, 
or any other gaseous atmosphere before conveying it to the 
sample container or flow cell for on-site analysis. Since these 
ideals are not always obtainable, compromises must be made 
by the knowledgeable individual designing the sampling pro
gram. These concerns should be documented in the data quality 
objectives (DQOs) of the sampling plan (see Practice D 5792) 
(4). 

4.6 The degree and type o f effort and care that goes into a 
sampling program is always dependent on ihe chemicals of 
concern and their reporting levels as documented in the 
project's DQOs. As the reponing level of the chemical species 
of analytical interest decreases, the precautions necessary for 
sampling generally increase. Therefore, the sampling objective 
must clearly be defined ahead of time in the DQOs. The 
specific precautions to be taken in preparing to sample for trace 
organics are different from those to be taken in sampling for 
trace metals. A draft U.S. EPA guidance document (5) concern-

* The boldface numbers in parentheses Tcfer to a list ef leferencts 31 ihe end of 
this guide. 

rng monitoring well sampling, including considerations for 
liace organics, is available to provide additional guidance. 

4.7 Care must be taken not to contaminate samples or 
monitoring weils. Al l samples, sampling devices, and contain
ers must be protected from possible sources of contamination 
when not in use. Water level measurements should be made 
according to Test Method D4750 before placing, purging, or 
sampling equipment in the well. Redox potential, lurbidity, pH, 
specific conductance, DO (dissolved oxygen), and temperature 
measurements should all be performed on the sample in the 
field, if possible, smce these parameters change too rapidly 10 
be conducted by a fixed laboratory under most circumstances. 
Field meter(s) or sondes equipped with flow-ihrough cells arc 
available lhal are capable of continuously monitoring these 
parameters during purging if they are being used as water 
quality indicator parameters. These devices prevent Ihe mixing 
ot oxygen with the sample and provide a means of determining 
when the parameters have stabilized. Certain measurements 
that are used as indicators of biological activity, such as ferrous 
iron, nitnte, and sulfite, may also be conducted in the field 
since they rapidly oxidize All temperature measurements must 
be done prior to any significant atmospheric exposure. 

5. Significance and Use 

5.1 The quality of ground water has become an issue of 
national concern. Ground-water monitoring wells are one of 
the more important lools for evaluating the quality of ground 
water, delineating contamination plumes, and establishing the 
integrity of hazardous maierial management facilities. 

5.2 The goal in sampling ground-water monitoring wells is 
to obtain samples (baI meet ihe DQOs This guide discusses the 
advantages and disadvantages of various well sampling meth
od:-., equipment, and sample preservation techniques. It reviews 
the variables that need to be considered in developing a valid 
sampling plan. 

6. Well Purging 

6.1 Water that stands within a monitoring wel! for a long 
period of time may become unrepresentative of formation 
water because chemical or biochemical change may alter water 
quality 01 because Ihe formation water quality may change 
over time (see Guide D 6452). Even i f it is unchanged from tbe 
time it entered the well, tbe stagnant water may not be 
representative of formation water at the time of sampling. 
There are two approaches to purging that reflect two differing 
viewpoints: to purge a large volume of ground water and to 
purge a minimum of, or no ground water before collecting a 
sample. Tbe approach most often applied is 10 purge a 
sufficient volume of standing water from the casing, along with 
sufficient formation water to ensure that the water being 
withdrawn at tbe time of sampling is representative of the 
formation water. Typically, three 10 five well volumes are used. 
An alternative method that is gaining acceptance is to minimize 
purging and to conduct purging at a low flow rale or to 
eliminate purging entirely. 

6.2 in any purging approach, a withdrawal rale that mini
mizes drawdown while satisfying time constraints should be 
used. Excessive drawdown distorts the natural flow patterns 
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around Ihe well Two potential negative ell'ects ate the intro
duction of ground water that is no! representative of waler 
quality immediately around the monitoring wel! and artificially 
high velocities entering the well resulting in elevated lurbidity 
and analytical data thai reflects the absorption of coniainiiianis 
to physical panicles rather than soluble conccnttatioiis in 
ground wiuer. It may also result in cascading water Trom the 
top of ihe screen that can restill in changes in dissolved gasses, 
redox slate, and ultimately affect the concentration of ihe 
analytes of interest through the oxidation of dissolved metals 
nnd possible loss of volatile organic compounds < VOCs). There 
may also be a lingering effect on the dissolved gas levels and 
redox state from air being introduced and trapped in the 
sandpack. In no instance shall a well be purged dry. I f 
available, llie field notes or purge logs generated during 
previous sampling or development of the welt as well as 
construction logs should be reviewed so assist in the selection 
of the most appropriate sampling method. 

6.3 The most often applied purging meihod has an objective 
to remove a predetermined volume of stagnant water from the 
casing prior to sampling. The volume of siagnanl water can 
either be defined as the volume of water contained w ithin die 
casing and screen, or lu include tbe well screen and any gravel 
pack i f natural flow through these is deemed insufficient to 
keep them flushed out. Research with a tracer in a fu l l scale 
model 2-iis. polyvinyl chloride (PVC) well (6) indicates that 
pumping 5 to 10 times tbe volume of ihe well via an inlet near 
the free wafer surface is sufficient to remove all ihe stagnant 
waler in ihe casing. This approach (with ihree io five casing 
volumes purged) was suggested by the U.S. tPA (?). 

6.4 In deep or large diameter wells having a volume of 
wntfr so 'srge as io make removal of all the water impractical, 
ii may be feasible lo lower a pump or pump mlct k> .MUIIC po-u;i 
well below Ibe water surface, purge only the volume below that 
point then withdraw the sample from a deepet level. Research 
indicates this approach should avoid most contamination 
associated with stagnant water (6, 8). Sealing the casing above 
the purge point with a packer may make this approach more 
dependable by preventing migration of stagnant water from 
above. But the packer must be above the top of the screened 
zone, or stagnant water from above tbe packer may flow into 
ihe purged zone through Ihe well's gravel-sand pack. 

6.5 An alternate method is based on research by Barcelona, 
Wehnnann, and Varlien (J) and Puis and Powell (2). Their 
research suggests that purging at rates less than 1 L/him 
(approximately 0.25 gal/min) provides more reproducible 
VOCs and metals analytical results than purging at high rales. 
Tbis method is based on the premise that al very low pumping 
rales, there is little mixing of the water column and laminar 
ground-water flow through the screen provides a more consis
tent sample. This sampling, method also produces less turbid 
samples that may eliminate ihe need for filtration when 
collecting metals. This method is commonly referred to as 
low-flow sampling. 

6.6 The low-flow sampling approach is most applicable to 
wells capable of sustaining a yield approximately equal to the 
pumping rate. A monitoring well with a very low yield may nol 
be applicable, to (his technique since it may be difficult to 

reduce the pumping rnte sufficiently to prevent mixing of ihe 
waler column in the well casing in such a well. The water level 
in the v>ell berig sampled should be continuously monitored 
using an electronic water-level indicator during low-flow 
sampling. Such a water-level indicator could be set below the 
water surface after sufficient water has been withdrawn to fill 
tbe pump, lubing. and flow cell. The water-level indicalor 
would then produce n continuous signal indicating submersion. 
When the well is purged, i f the water level falls below the 
water-level indicator probe, the signal indicates that the waler 
level has fallen below the maximum allowable drawdown and 
the pumping rate should be decreased- Pumping is started at 
approximately 100 mL/min discbarge rate and gradually ad
justed to match ibe well's recharge rate. The selection of the 
type of pump is dependent on site-specific conditions and 
DQOs The bladder pump design is most commonly used in 
this sampling method, however, the depth limitation of this 
pump may necessitate the use of a gas-driven piston pump in 
some instances. 

6.7 A variation on the above purging approaches is to 
monitor one or more indicator parameters until stabilization of 
the selected parameters) has been achieved. Stabilization is 
considered achieved when measurements are within a pre
defined range This range has been suggested to be approxi
mately 10 % over two successive measurements made 3 min 
apart by th? U S. F.PA (4). More recent documents (9) have 
suggested ranges r(J.2°C for temperature, iO . I standard units 
for pH, ± 3 % for specific conductance, ~ I 0 % for DO, and 
3 10 mV for redox potential. A disadvantage of the stabiliza
tion approach is that iherc is no assurance in all situations that 
the stabilized parameters represent formation water These 
criteria should therefore be set on a site by site basis since i f set 
>fw siratgcu:. targ-.-. voli»ne% of coniamrnaitfd purge water mav 
be generated without ensuring thai the samples are any more 
representative. In a low yielding formation, this could result in 
the wel! being emptied before the parameters stabilize. Also, i f 
significant drawdown has occurred, waler from some distance 
away may be pulled into the screen causing a steady parameter 
reading but not a representative reading. If these criteria are 
properly selected, the volume of investigative derived waste 
water may be reduced. 

6.S The indicator parameters that may be monitored include 
pi I , temperature, specific conductance, turbidity, redox poten
tial, and DO. A combination of a pump and field meterf's) or 
sondes equipped with a flow-through cell is ideal for this 
purpose since it allows the monitoring of one or more of ihese 
parameters on a continuous basis without exposure to the 
atmosphere. A typical flow-through cell application is shown in 
Fig. 1 The pump used in this technique may be any pump 
capable of producing a steady flow such as a peristaltic or 
bladder pump, i f a submersible pump is used, the hydraulic 
pressure developed in ihe flow-through cell may be sufficient to 
force the probes ou! of iheir position. This problem may be 
eliminated by installing 3 tee connector in the discharge line lo 
allow only a portion of the flow to enter the flow-through cell. 
Another concern with the low-flow sampling method is sorp
tion onto the tubing. Studies have indicated that at flow rates ai 
0.1 L/min (0.026 gal/min). low-density polyethylene (LDPE) 
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FIG. 1 Flow-Through Cell 

and plasiicized polypropylene tubings are prone to sorption and 
TFE-fluorocarbon should be used. This is especially a concern 
if tubing lengths of 13 m (SO ft) or longer are used (10). 

6.9 Gibb and Schuller (11) have described a time-drawdown 
approach using knowledge of the well hydraulics to predict the 
percentage of stagnant waler entering a pump inlet near the top 
of ihe screen al any time after flushing begins. Samples are 
collected when the percentage is acceptably low. As before, the 
advantage is thai well volume has no direct eflecl on the 
duration of pumping. A current knowledge of ihe well's 
hydraulic characteristics is necessary to employ this approach. 
Downward migration of stagnant water due to effects other 
than drawdown (for example, density differences) is not 
accounted for in this approach. 

6.10 An alternative to purging a well before sampling is to 
rolled a water sample wrhir the screened zone without 
purging. These techniques are based on studies that under 
certain conditions, natural ground-water flow is laminar and 
horizontal with little or no mixing witbin the well screen (12, 
13). To properly use these sampling techniques, a water sample 
must be collected within the screened interval with little or no 
mixing of the water column within the casing. Examples of 
these techniques include minimal purge sampling which uses a 
dedicated sampling pump capable of pumping rates of less than 
0.1 L/min, discrete depth sampling using a bailer that allows 
ground water entry at a controlled depth, (for example, 
differential pressure bailer (14)), or diffusion sampling. These 
sampling techniques are discussed in 8.1.10. 

7. Materials and Manufacture 
7 .1 The choice of materials used m the construction of 

sampling devices should be based upon knowledge of what 
compounds may be present in the sampling environment and 
how the sample materials may interact via leaching, adsorp
tion, or catalysis. A second concern is that corrosion or 
degradation may compromise the structural integrity of the 
sampling device. In some situations, PVC or other plastic may
be sufficient. In others, an all TFE-fluorocarbon apparatus may 
be necessary. The potential presence of nonaqueous phase 
liquid I'NAPL) should also be a consideration since its presence 

WHILE 

FIG. 2 Single Check Valve Bailer 

would expose the sampling equipment to high concentrations 
of potential solvents. No one material i.s ideal in ibai each 
nt i i r rs ; w:J! to some decre? absorb or leach chemical? or may 
degrade on exposure to a chemical. 

7 7 The advantages and disadvantages of these materials for 
sampling equipmenl are summarized in Table 1. 

7 3 PVC: 
7.31 I f adhesives are avoided, PVC is acceptable in many 

cases although their use may still lead to some problems i f 
trace organics are of concern or NAPL is present (15). At 
present, interactions occurring between PVC and ground water 
are not well understood. Tin, in the form of an organotin 
stabilizer added lo PVC, may enter samples taken from PVC 
(16) 

7 3 2 The structural integrity concerns with PVC increase 
with the concentration of PVC solvents in ground water. As 
such. NAPLs that arc PVC solvents are a primary concern. 
Potential NAPLs thai are of a concern for PVC and other 
commonly used plastics are listed in Table 2. Degradalion of 
these materials is primarily by solvation, which is the penetra
tion of the material by the solvent that ultimately causes 
softening and swelling that can lead to failure. Even in lower 
concentrations, however, PVC solvents may deteriorate PVC. 
Methylene chloride, which is a very effective PVC solvent, will 
soften PVC at one lenth iis solubility limit while tnchloroeth-
ylene, which is a less effective solvent, will begin to soften 
PVC at six tenths its solubility limit (17). 
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UPPER VALVE 

/ 

INLET CHECK VALVE 

GROUNDWATER PLOW WHILE 

LOWERING INTO THE WELL 

FIG. 3 Double Check Valve Bailer 

7.4 TFE-h'hiorocarbon Reams: 
7.4.1 TFE-fluoroeiirbon resins arc highly inert and have 

sufficient mechanical sirenglh to permit fabrication of sampling 
devices. Molded pans are exposed to high temperature during 
fabrication thai destroys any organic contaminants. The evo
lution of fluorinaied compounds can occur during fabrication, 
will cease rapidly, and does not occur afterwards unless the 
resin is healed to its melting point. Relative to PVC and 
stainless steel. TFE-fluorocarbon is less sorpttve of cations 
(18). 

7.4.2 Extruded TFE-fluorocarbon tubing may contain sur
face iraces of an organic solvent extrusion aid. This can be 
removed easily by tbe fabricator and, once removed by 
flushing, should not affect the sample. TFE-fluorocarbon fiu-
orinated ethylene propylene (FEPI and TFE-fluorocarbon per-
fluoroalkoxy (PFA) resins do not require this extrusion aid and 
may be suitable for sample tubing as well. Unsiniered thread-
sealant tape of TFE-fluorocarbon is available in an "oxygen 
service" grade and contains no extrusion aid and lubricant. 

7.5 Class and Stainless Sice!: 
7.5.1 Glass and stainless Steel are two other materials 

generally considered inert in aqueous environments. Glass is 
generally not used, however, because of difficulties in handling 
and fabrication. Stainless steel is strong and easily machined to 
fabricate equipment. It is. however, not totally immune to 
corrosion (hat could release metallic contaminants (see Table 
1). Stainless steel contains various alloying metals, some of 

these (that is. Nickel) mav catalyze reactions. The alloyed 
constituents of some stainless steels can be solubilrzed by the 
pitting action ofnonoxidizing anions such as chlonde, fluoride, 
and in some instances sulfate, over a range of p l l conditions. 
Aluminum, titanium, polyethylene, and other corrosion resis
tant materials have been proposed by some a.s acceptable 
materials, depending on ground-water quality and the constitu
ents of interest. 

7.5.2 Where temporarily installed sampling equipment is 
used. Ihe sampling device that is chosen should be able to be 
cleaned of trace organics. and must be cleaned between each 
monitoring well use lo avoid cross-contaminalion ol wells and 
samples. Decontamination of equipment PVC and stainless 
steel constructed sampling equipment exposed to organic 
chemicals, pesticides or nitroaromatic compounds generally 
can be successfully accomplished using a hot detergent solu
tion followed by a hoi water rinse. Equipmenl constructed of 
l.DPE and TFE-fluorocarbon should also be hot air dried or 
oven dned ai approximately )05°C to remove residual pesti
cides and organic contaminants, respectively (19, 20). A 
common method to verify that the device is "clean" and 
acceptable is to analyze a sample (equipment blank) ihat has 
been soaked in or passed through the sampling device, or both, 
to check for the background levels that may result from ihe 
sampling materials or from field conditions. Thus, all .sam
plings tor irace materials should be accompanied by samples 
Ihat represent the sampling equipment blank, in addition to 
other blanks (field blank and tnp blank). Decontamination 
procedures are further discussed in Practice D 5088. 

7.6 Additional samples arc often collected in the field and 
spiked (spiked-field samples) in order to verify that the sample 
handling procedures are valid. The American Chemical Soci
ety's committee on environmental improvement has published 
guidelines for data acquisition and data evaluation, which 
should be useful in such environmental evaluations (21). 

K. Sampling Equipment 

8.1 The choice of sampling lechnique musl be based on an 
understanding of the hydrogeology of the site under investiga
tion and the end use of the data. Since eaeh technique has its 
advantages and disadvantages, no one technique can be chosen 
as the best overall technique. Since different techniques will 
likely yield different results, it is best to be consistent through
out an investigation HJ facilitate ibe comparison of data values 
over tune. There is a fairly large choice of equipment presently 
available for ground-water sampling. The sampling devices 
can be categorized into the following nine basic types as 
described in the following sections: 

8.1.1 Down-Hole Collection Devices: 
S i l l Bailers, messenger bailers, or thief (22, 23) are 

examples of down-hole colleclion devices. They are not 
practical for removai of large volumes of water but are 
relatively inexpensive permitting their dedicated use and are 
widely used. These devices can be constructed in various 
shapes ami sizes from a variety of materials. They do not 
subject the sample to pressure extremes. 

8.1.1-2 A schematic of a single check valve unit is illus
trated in Fig. 2. The bailer may be threaded in the middle so 
that additional lengths of blank casing may be added to 
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T A B L E 1 Material Cons idera t ions In Select ion Of Sampling Equipment (76) 

Considerations 

* Virgin PTFE readily sorbs some organic solutes (17J 
* tueal maierial irs corrosive ervimnrner:(s wht-a inorpanic ctxipounc's are ot interest 
• Useful w>ere pure pmttucl (organic; comcjou-n;) or high corrcemiatiors o! PVC solvents exist 
* Potential structural problems because of 'tis icw tensile and compressive strengths low wear resistance, and the 
c*trerrifr flexibility of Ihe casing string as, compared ro otner engineering pasties (40. 70. 71) 
- Potential problems with, obtaining a szs* ber^een the casing and the annular sealant because of PTFEs low 
roetlicient of *riclion ond anti&ticf* propertes ;is currpared ID other plastics (71) 
* Maximum str.ng lenglh ?-in [-f>-cmi di.^mtiter scheoule PTFE casing snoulrt not exceed aoojt 37s f| (-115 ml 

(72) 
* Expensive 

PoJyvinvlchioride * Leacr-ing of compounds cf Iin or antimony, ^ i c h are contained in original heat slabilizers dur-ng polymer 
formulation, cuuld occur after long exposure 
* When used in conjunction wrth glued joints, leaching ot volatile organic compounds trom PVC primer and qiues. 
such as THF {tetr^hydrofuran), MEK {melhyle'hylketone). MIBK (met'iyiisobutylketonc) and cyctoheicanorie could 
teach into giound wale* Therefore, threaded joints below the water table, sealecJ with Q-rings or Teflon tape, are 
preferred 
* Cannot be used where pure product or high concent rations of & PVC solvent ex;si 
- Tnere is conflicting dais regarding the res.'Stsice •! PVC to deterioration in he presence o' gasoline <73J 
- Maximum string length of 2-in (^5-crn) diameter ffireaded PVC casing shou'd nm tinted 2000 tl (-610 m) {12} 
* PVC can warp and melt if nest cement fee ment anci water) is used as an annular or surtace seal because of 
heat ot hydration (74. dO) 
' P\/C can volatilize CFCs in[n Ihe atmosphere within the unsaturated zone, v/nich can bB a potential problem for 
stud*5 of gas and moisture transport trxcugh 'he unsaturated zone 
- Easy 'ft cut. assemble, and place in the bore noie 
- I .ie* pensive 

Stainless site-; - Generally has high corrosion resistance, wh.cn differs w-th 'ype 
* Corrosion can occur under acidic and nxid:z ng conditions 
* Corrosion products are mostly iron compoo^iis. witn some trace element 
- Primarily two common types: 

(1} Type 304 Sts:n:ess Steel: fron 3llayed wi'r-. 'hp fn'towing efements (percentage!;) Chromiun (18-20 %). 
Nickel (8-11 %'). Manganese (2 %). S&con (0 75 %), Carbon (O.OS %}. Phosphorus {D.04 %}, Sulfur {0.03 %) 

{2) SS 316: hon ellpyed with the following elements (in percenages): Chromium (16-18 %). Mick*1 {11-14 %}, 
M a n g a n e s e (2 % ) . M o l y b d e n u m (2-3 %>. Si l icnn <C.?S % ) . Carbon (0.08 %>. Phosphorus (0.04 % ) . S u f u r {0.03 %) 

- Corrosion insistence is gcod for Type 304 signless stee! under aerobic conditions. Type 316 stainless steel has 
trnyrovtd corrosion resistance over Type 304 'jnc"er reducing conditions (75) 
* Expensive 

Galvanized sreel * Less corrosion resistance tnan stainless steel and more resistance to corrosion than, carbon sleet (sec Carbon 
steet entry) 
* QxnJe coaling could dissolve under chemicallv icdurred conditions and release Z'.T\C and cadmium, and raise pH 
• l\'*^hered e> corroded surfaces r>iesert act;ve adsorption sites tor organic and norpanic consHuenis 
- Incxpensrve 

Carbon slee' - Corrosion products can occur (for example, irnn ami manganese oxides, metal sulfides, and dissolved metal 
species) 
* Sorption of organic com sounds onto metal corrosion products is possible 
* Weathered surfaces present active adsorption sites for organic and inofg^nic constituents 
* lne*perrSrV& 

Material 

Polyletraf-uo^oetnylene 

increase the sampling volume, TFE-fluorocarbon, stainless 
steel, and PVC are (he most common materials used for 
construction (24). 

8.1.1.3 In operation, the single check valve bailer is gently 
lowered into the well to 3 depth just below the water surface, 
water enters the chamber through the bottom, and the weight of 
the water column closes the check valve upon bailer retrieval. 
The specific gravity of the ball should be about 14 to 2.0 KO 
thai the ball almost sits on the check valve seat during chamber 
fi l l ing. Upon bailer withdrawal, the hall wi l l immediately seat 
without sample loss Lhrough the check valve. 

8.11-1 A double check vaive bailer allows point source 
sampling at a specific depth (25, 26). The double check valve 
bailer is also effective at collecting dense, non-aqueous phase 
liquid (DNAPL) front the bottom of a monitoring well. An 
example is shown irt Fig. 3. In this double check valve design, 
water flows through the sample chamber as the unit is lowered. 

A venturi tapered inlet and outlet ensures that water passes 
through ihe unit with limited restriction. When a depth where 
the sample is to be collected is reached, the unit is retrieved. 
Because the difference between each ball and check valve seat 
is maintained by a pin that blocks vertical movement of the 
check ball, both check valves close simultaneously upon 
retrieval. A drainage pin is placed into the bottom of the bailer 
to drain the sample directly into a collection vessel to reduce 
the possibility of air oxidation. 

.1.5 A top-filling bailer is a closed bottom tubular device, 
opened on top and provided with a loop or other fixture to 
attach to the drop line. The top-filling bailer is gently lowered 
below the water surface in the well and water pours into the 
bailer from the top. Although this variation on the baiier design 
results in greater agitation of the sample, it may be used to 
collect 3 sample of light, non-aqueous phase liquid (LNAPL) 
by lowering it just below the surface of the LNAPL and 

6 
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TABLE 2 C h e m i c a l Compa t i b i l i t y Table For Se lec ted NAPL (78) 

Chemica l FT F t ITellon) PP Polypropylene! P V C (Type 1) P V C (Type II) 304 Stainless 31 fi Sta i r iess Carbon S tee l 

u U G G 

CarCon Tetrachlor ide R L) X U 5 E G 

Chr.ri l o r o j e n ? e n e R H u U G 

Dich lo roe thane (OCA) R X l i U G G G 

0 ch loroc thy lene <DCE) R R u IJ G G 

Diese l Fue l R R R E E G 

Ethyl Oenzens P. U U U G U 

Gaso l ine R X R G G G 

H y i i i s i i f c Oil ipe l rn . ; R X R R R 

Hydrau l ic Oi l (Synlhelic) R X R R H 

Jet Fue ls n X R rf G G G 

K e r o s e n e R R R R G G G 

Motor O: 1 R X R R G G G 

Maptha iene R R U U E £ G 

Tf?Uach!o;Gnth}'er.e (PCE) R U u U E E G 

To, uer.e R u u E E E 

Tr ich loroelhy ler ie (TEC) R R u IJ G G G 

Xy lenes R R u u G G G 

For Metn ls 

E < 2 mills PeneiratiorvYear 

G < 20 mills PerieliBticn.'Year 

3 < 50 mills Penetration;Year 

U > 50 mills P6neirat.on/Year 

(1 rr>;;: -o.oot in.) 
H - Resistant (No corrosion rale reported) 

f o r A l l Non.Merg ls 

H = Resistant 
U = Ur.sal is faclory 

X - Confliclir-q Dala. ;it Jeatt cne reference reported unsatisfactory 

allowing the bailer to skim the LNAPL from the surface of Ihe 
waler column. 

8.1.1.6 The differential pressure bailer is a sealed canister 
boily with two small diameter tubes oi' different heights built 
into its removable top (14). The bailer JS usually constructed of 
stainless steel to provide sufficient weight to allow it to sink 
relatively quickly lo the desired sampling deplh. Once the 
bailer's downward progress is slopped, differences in hydro
static pressure between the two lubes allows the bailer \n fi l l 
through the lower tube as air is displaced through the upper 
lube. This type of bailer minimizes the exposure of the sample 
to air especially i f fitted with internal 40 mL vials for direct 
sample bottle ftlling. 

8.1.1.7 Special care must be taken to minimize exposing the 
sample to the atmosphere during the transfer of Ihe sample 
from the bailer to the sample bottle. There are severs! ap
proaches to overcome this issue. Bottom-emptying bailer.s used 
for sampling of VOCs, for example, should have an insertable 
sample cock or draft valve cock [often referred to as a bottom 
or bailer emptying device) in or near the bottom of the sampler 
allowing withdrawal of a sample from the bailer with minimal 
atmosphere exposure. 

8.1.1.8 Suspension lines for bailers and other samplers 
should be kept off the ground and free of other contaminating 
materials that could be carried into the well. A plastic sheet 
may be spread out on the ground around the monitoring wel! 
for this purpose. Disposable TFE-fluorocarbon, PVC. polyeth
ylene, and polypropylene bailers are available which offer time 
savings and all but eliminates the potential for cross contami
nation during sampling. 

8.1.1.9 Sample oxidation is a concern with single check 
valve and top filling bailers. Sample oxidation might occur 

during the wtended time it lakes to bail a sample i f water levels 
ate a great depth below the ground surface or i f there is a delay 
rn the transfer of the sample from the bailer to tbe sample 
bottles Using point source bailers, however, minimizes the 
oxidation problem. 

8.1.1.10 Another approach for obtaining point source 
samples employs a weighted messenger or pneumatic change 
lo "trip" plugs at cilher end of an open tube (for example, tube 
water sampler or thief sampler) lo close the chamber (27). 
Foerst, Kemmerer, and Bacon samplers are of this variety (23, 
24, 26). A number of thief or messenger devices are available 
in various materials and shapes. Differential pressure bailers 
(14) also provide a point source sample but do not require 
mamial inpping. 

8.1.2 Bladder Pumps-

8.1.2.) Bladder pumps consist of a flexible membrane 
enclosed by a rigid housing. Water enters the pump cavity 
through an inlet, usually located on the bottom of tbe pump. 
Compressed gas either from a compressor or air cylinder is 
injected into a bladder within the pump cavity forcing the 
check valve on the inlet to close and the sample up through a 
second check valve al the top of the pump and into a discharge 
line (Fig. 4). Water is prevented from re entering the bladder 
by the top check valve. Tbe bladder is then depressurized, 
allowing the pump to refill. The process is repeated to cycle the 
water to the surface. Samples taken from depths of 122 m (400 
ft) have been reported. 

8.1.2.2 A variety of design modifications and materials are 
available (29, 30) however, TFE-fluorocarbon bladders, either 
PVC, TFE-fluorocarbon resin or stainless steel bodies and 
fittings are most common. An automated controller system is 
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used to control the lime between pressurization cycles and 
regulate pressure. 

8.1.2.3 Bladder pumps have a distinct advantage over gas 
displacement pumps in thai there is no contact with the driving 
gas. Disadvantages include the large gas volumes required, and 
difficulty in decontaminating the pump. This pump design is 
most applicable tci dedicated well installations and where low 
pump rale or flow rate (less than 0.5 L/min) are required. The 
flow rate from a bladder pump is dependent on the dimensions 
of the bladder pump, controller settings, gas pressure, and total 
dynamic head. 

K.1.3 Suction Lift Pumps: 

8.) .3.1 Three types of'suction lift pumps are the direct line, 
centrifugal, and peristaltic. A major disadvantage of any 
suction pump is that it is limited in its ability lo raise water by 
the head available from atmospheric pressure. The theoretical 
suction limit is about 10 4 m (34 ft), but most suction pumps 
are capable of maintaining a water lift of only 7,6 m (25 ft) 
(31). 

8.1.3.2 Many suction pumps draw water through a volute in 
which impellers, pistons, or other devices operate to induce a 
vacuum. Such pumps are probably unacceptable for most 
sampling purposes because they are usually constructed of 
non-inert materials such as brass or mild steel and may expose 
samples lo lubricants. They often induce very low pressures 
around rotating vanes or other such parts such that degassing or 
potentially cavitation may occur. They can mix air with the 
sample via small leaks- in the casing, and they are difficult to 
adequately clean between uses. Such pumps may be acceptable 
for purging of wells, but should nol generally be used for 
sampling. 

8 13 3 An exception to the above statements is a penstallic 
pump (also known as a rotary peristaltic pump). A peristaltic 
pump is a self-priming, low-volume suction pump that consists 
ol a rotor with rollers (32). Flexible tubing is inserted around 
the pump rotor and squeezed by rollers as they rotate. One end 
of the tubing is placed into the well (a weighted end may be 
used) while the other is connected directly to a receiving 

^ vessel. As the rotor moves, reduced pressure is created in the 
well tubing and an increased pressure on the tube leaving the 

i rotor head. Pumping rates may be controlled by varying the 
speed of the rotor or by changing the size of the pump head, 

1 which contains the pump rotor. 

j 8.1.3.4 The peristaltic pump moves the liquid totally within 
the sample rube. No part o f the pump contacts the liquid. The 

• sample may be degassed (cavitation is unlikely), but the 
problems due lo contact with the pump mechanism are 
eliminated. Peristaltic pumps do require a fairly flexible section 

| of tubing within the pump head itself. A section of silicone 
mbing is commonly used within llie peristaltic pump head, but 

I other types oT tubing can be used particularly for the sections 
I extending into the well or from the pump to the receiving 

container. The National Council of the Paper Industry for Air 
) and Stream Improvement (33) recommends using medical 

grade silicone tubing for VOC sampling purposes as the 
I standard grade uses an organic vulcanizing agent which bas 
I been shown to leach into samples. Various manufacturers offer 

tubing lined with TFE-fluorocarbon or Viton" for use with their 
pumps. Plasticized polypropylene tubings and LDPE should be 
avoided i f flow rates less than 0.1 L/min {0.025 g/min) are used 
(10). I be extraction rate with this method can range from 0.04 
to 30 L-min (0.01 lo 8 gal/min) (34). 

8.1.3.5 There is disagreement on Ihe applicability of peri
staltic pumps for the collection of groundwater samples. 
Research by Tai, et al (35) has shown that peristaltic pumps 
provide adequate recovery of VOCs. The U.S. EPA (4) does 
not recommend its use because of studies that suggest that 
VOCs may be lost during sampling (36). 

8.1.3.6 A direct method of collecting a sample by suction 
consists of lowering one end of a length of plasiic mbing into 
the well or piezometer. The opposite end of the lubing is 
connected to a two-way stopper bottle and a hand held or 
mechanical vacuum pump is attached to a second lubing 
leaving the bottle. A check valve is attached between the two 
lines to maintain a constant vacuum control. A sample can then 
be drawn directly into the collection vessel without contacting 
the pump mechanism (37. 38). 

8.1.3 7 A centrifugal pump can be attached to a length of 
plastic tubing that is lowered into the well. A fool valve is 
usually attached to the end of the well tubing to assist in 
priming the tube. The maximum lift is 3bout 4.6 m (15 ft) for 
such an arrangement (37, 38, 39). 

8.1.3.8 Suction pump approaches offer a simple sample 
retrieval meihod for shallow moniloring wells. The direct line 
method is portable though considerable oxidation and mixing 
may occur dunng collection. A centrifugal pump will agitate 
the sample to an even greater degree although pumping rates of 
19 to 151 L/min (5 to 40 gal/min) can be attained. A peristaltic 
pump provides a lower sampling rale with less agitation than 
the other two pumps, as discussed in 8.1.3.4. 

8.1.3.9 Al l three systems can be specially designed so that 
the waler sample contacts only the TFE-fluorocarbon or 
silicone tubing prior io sarrrpl? bottle entry. Dedicated lubing is 
recommended for each well or piezometer sampled. Each of 
these methods that relay on suction can change solution 
chemistry by causing degassing which may result in loss of 
volatile compounds and dissolved gasses and this should be a 
consideration in their application (34). 

8.1.4 Electric Submersible Pumps: 
8.1.4.1 A submersible pump consists of a sealed elcclric 

motor that powers a piston, impeller, or helical single thread 
worm. Water is brought to the surface through a discharge tube. 
Similar pumps are commonly used in the water well industry 
and many designs exist (40). 

5.1.4.2 Submersible pumps provide, relatively high dis
charge rates for waler withdrawal at depths beyond suction lift 
capabilities. A battery operated unit 3.6 cm (1.4 in.) in diameter 
and with a 4.5 L/min (1.2 gal/min) flow rate at 33.5 m 010 ft) 
has been developed (41). Another submersible pump has an 
outer diameter of 11.4 cm (4.5 in.) and can pump water from 
91 m (300 f l ) . Pumping rates vary up to 53.0 L/min (14 
gal/min) depending upon the depth of the total dynamic head 
(42). 

6 Yilon Is a ttadtnwkof E t. duPonidc Ncmourc &. CX Wilmmglon.DE 1989B 
and has been found suitable for this purpose. 
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8.1.4.3 A submersible pump provides higher extraction rales 

Mian many other methods Considerable sample agitation 
results, however, in the well and in the discharge tube during 
sampling. The possibility of introducing trace metals into the 
sample from pump materials also exists; however, submersible 
pumps designed specifically for environmental work do exist. 
These pumps are constructed of relatively men materials such 
as stainless steel, TFK-fluorocarbons and Viton. Decontamina
tion procedures are discussed in Practice D 5088. Recent 
research, however, has suggested that steam cleaning followed 
by rinsing with unchlonnaled. deionized water should be used 
between samplings when analysis for VOCs is required (43). 
Complete decontamination of submersible pumps is difficult 
and should be confirmed by the collection of equipment blanks. 

8.1.4.4 Submersible pumps have several disadvantages that 
should be considered. The silt and fine sand commonly present 
in monitoring wells may cause excessive wear to internal 
impellers and staters. These pumps also commonly require a 
high-amperage 120/220-V power source and a reel and winch 
System that limit their mobility Submersible pumps may also 
not be suitable for collecting liquids containing VOCs or 
dissolved gasscs because of their potential to degas the sample. 

8.1.5 Gas-Lift Pumps: 

8.1.5.1 Gas-lift pumps use compressed air to bnng a water 
sample to the surface. Water is forced up an eductor pipe that 
may be the outer casing or a smaller diameter pipe inserted into 
the w-ell annulus below the waler (44, 45) 

8.1.5.2 A similar principle is used for a unit that consists of 
a small diameter plastic tube perforated in the lovver end. This 
tube is placed within another tube of slightly larger diameter. 
Compressed air is injected into the inner tube; the air bubbles 
through the perforations, thereby lifting the water sample via 
the annulus between the outer and inner tubing (45). in 
practice, the edtlclOT line should be submerge J !t> a depth squa) 
to 60 % of the total submerged eductor length during pumping 
(40). A 60 % ratio is considered optimal although a 30 % 
submergence ratio is adequate. 

S.I .5.3 The source of compressed gas may be a hand pump 
for depths generally less than 7.6 m (25 ft). For greater depths, 
air compressors, and pressurized air cylinders have been used. 
When air compressors are used, an air-oil filler must be 
installed lo minimize tlie introduction of oil lo the well. 

8.1 5 4 As already mentioned, gas-lift methods result in 
considerable sample agitation and mixing within the well, and 
cannot be used for samples which wil l be tested for VOCs or 
dissolved gasscs (for example, DO, methane). The eductor pipe 
or weighted plastic tubing is a potential source of sample 
contamination. In addition, Gibb (11) expressed concerns in 
sampling Tor inorganics. These concerns were attributed to 
changes in redox, pH, and species transformation due to 
solubility constant changes resulting from stripping, oxidation, 
and pressure changes. 

8.1.6 Cas Displacement Pumps: 

8.1.6.1 Cas displacement or gas drive pumps are distin
guished from gas-lift pumps by the method of sample trans
port. Cias displacement pumps force a discrete column of water 
to the surface via mechanical l if t without extensive mixing of 
the pressurized gas and water as occurs svith air-lift equipment. 

The principle is shown schematically in Fig. 5. Water fills ihe 
chamber. A positive pressure is applied to the gas line closing 
the sampler check valve and forcing water up ihe sample line. 
The cycle is repeated by removing the pressure. Vacuum cart 
also be used in conjunction with the gas (46). The device can 
be permanently installed in ihe well (47, 48, 49) or lowered 
into the well (50, 5t) 

8.1.6.2 A more complicated two stage design constructed of 
glass with check valves made of TFE-fluorocarbon has been 
constructed (52, 53). The unit was designed specifically for 
sample testing for trace level organics. Continuous flow rates 
of up lo 38 l./mm (10 gal/min) are possible. 

8.1.6.3 Gas displacement pumps offer reasonable potential 
for preserving sample integrity because little driving gas comes 
in contact with ihe sample as the sample is conveyed to the 
surface by a positive pressure. There is, however, a potential 
loss of dissolved gasses nnd contamination from the driving 
gas and the bousing materials. 

8.1.7 Gas Driven Piston Pumps: 
8.1.".] A double piston pump powered by compressed air is 

illustrated in Fig. 6. Pressurized gas enters the chamber 
between the pistons; the alternating chamber pressurizalion 
activates the piston thai allows water entry during the suction 
stroke of the piston and forces the sample lo the surface during 
the pressure stroke (54). Pumping rates between 0.16 and 0.51 
L-'min (0.04 and 0.13 gal/min) have been reported from 30.5 m 
(100 ft). Depths in excess of 457 m (1500 ft) are possible. 

8.1.7.2 The gas piston pump provides continuous sample 
withdrawal nt depths greater than is possible with most other 
approaches. Nevertheless, contribution of trace elements from 
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FIG. 5 The Pr inc ip le of Gas D ispa l cemen t Pump ing 
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the stainless steel and brass is a potential problem and Ihe 
quantity' of gas used is significant. 

8.1.8 Pucker Pump Arrangement: 
8.1.8.1 A packer pump arrangement provides a means by 

which two expandable "packers" isolate a sampling unit 
between packers within a well Since the hydraulic or pneu
matic activated packers are pressed against the casing wall, the 
sampling unit wi l l obtain water samples only from the isolated 
well portion. The packers are deflated for vertical movement 
within the well and inflated when the desired depth is attained. 
Submersible, gas lif t , and suction pumps can be used for 
sampling. The packers are usually constructed of a rubber 
compound (54-57). A packer purop unit consisting of a vacuum 
sampler positioned between packers is illustrated in Fig. 7 (58). 

8.1.8.2 A packer assembly allows the isolation of discrete 
sampling points within a well. A number of different samplers 
can be situated between the packers depending upon the 
analytical specifications for sample testing. Because access to 
the interval between packers is blocked once the packers are 
inflated, the selection of sampling devices ts limited to sam
pling pumps. Vertical movement of waler outside the well 
casing during sampling is possible with packer pumps but 
depends upon tbe pumping rate and subsequent disturbance. 
Deterioration of the expandable materials will occur with time 
with the increased possibility of undesirable organic contami
nants contributing to the water sample. 

8.1.9 inertiaULift Pumps: 
8.1.9.1 The inenial-Jift pump consists of a foot valve at the 
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end of a flexible tube. The tube and fool valve ts inserted into 
Ihe well with one end of tlie tube remaining al the surface. The 
tube is then rapidly moved in a continuous up-and-down 
motion. Each upward stroke lifts the water column in ihe 
tubing a distance equal to the stroke length. At the end of the 
upstroke, ihe waler continues to move slightly upward by 
inertia. On the down stroke, tlie fool valve opens allowing fresh 
water to enter the lube. This process continues resulting in a 
flow to the surface. 

8.1 9.2 The inertial-lift pump is capable of operating effi
ciently at depths to 30 m (100 ft), it is effective in small 
diameter wells or direct-push technology probes which are 
typically 12.5 rum (Vi-iri.) diameter. The pumping rate ranges 
from 0 to 7 6 IVmiil (0 to 2 gal/min) (34), depending on the rate 
of the up and down pumping stroke and the tube diameter. The 
equipment used in this pump is inexpensive enough to be 
dedicated to a well with the exception of the pump handle or 
motor drive that do not contact the sample. 

8.1.9.3 The inertial-lifi pump, however, has several disad
vantages, lt is difficult to operate in deep, large diameter wells. 
Although a motor drive can overcome tbis limitation, the 
incorporation of a motor drive limits the portability of the 
equipment. The foot valve must be selected to match the casing 
material since it will tend to ride against the casing and 
potentially will either damage ihe casing or wear out. The 
discharge tubing must be stiff for the pump to operate properly. 
This makes the tubing awkward to install and remove from a 
monitoring well. 

8.1.10 Minimal Purge, Discrete Deplh, anil Passive 
Sampling—Sampling techniques that do not reiy on, or require 
only minimal purging may be used i f a particular zone within 
a screened interval is lo be sampled or if a well is not capable 
of yielding sufficient ground water for purging. These tech
niques include minimal purge, discrete depth sampling, and 
passive sampling. 

8.1.10.1 A dedicated pump is used for minimal purge 
sampling so that only enough water is purged through the 
pump so that the volume of water contained by the pump and 
discharge tube is removed before sampling. No attempt is 
made to purge the casing, screen, or formation. This volume 
should be minimized by the selection of small diameter tubing 
and the smallest possible pump chamber. This initial volume of 
discharged water is discarded since it had prolonged contact 
with the sampling device. 

8.1.10.2 The discrete depth sampler is often non-dedicated. 
It is lowered very slowly to the depth of the screen where a 
waler sample is drawn into the sampling chamber. This is 
accomplished either manually by using a triggering mechanism 
such as a cable or automatically such as with a differential 
pressure bailer (14). Discrete depth samplers, however, roust be 
used with great caution because of the potential of mixing Df 
the water column in the well casing while lowering the sampler 
to its sampling depth. 

8.1.10.3 Passive sampling, using diffusion samplers (a 
water-filled membrane), is based on the principle of molecular 
diffusion of VOCs from Ihe ground water into the sampler. 

12 



iSjj* D 4448 

(Research is currently being conducted by the LI. S. Geological 
Survey to evaluate diffusion samplers for the collection of 
non-VOC parameters, however, study results have not been 
published.) The samplers must remain in the borehole for an 
adequate lime for the water initially within the sampler to 
equilibrate with that m the borehole. The diffusion sampler 
typically consists of water-filled, tow-density polyethylene 
lubing. which acls as a semi-permeable membrane. The sam
pler is attached to a weighted line, and lowered to a predeter
mined depth within Ihe screened interval. Since the sample is 
depth specific, multiple samplers may be strung together to 
provide samples from different depths withir, the well. After 
adequate residence time has eltvpsed, the sampler(s) are re
moved from the well, punctured and the sample transferred 
into sample bottles. The samples are preserved and submitted 
to ihe laboratory for analysis. In a study ol this technique, a 
minimum of 11 days was required to achieve equilibration (59, 
60). Concerns about the applicability of this sampling method 
to specific VOCs have been raised, however, no detailed 
evaluation of tbis issue has been published. In a comparison of 
sampling techniques, samples collected by the diffusion 
nietbtx) were found to be biased lower than samples collected 
using a low-flow method (61), however, this difference was 
attributed to issues wjih the laboratory or to the depth-specific 
nature of diffusion samplers. 

9. Sample Containers and Preservation 

9.1 The order of sample container filling, method of filling, 
selection of sample container type, and preservaiion method 
should be provided in ihe sampling and analysis plan. Gener
ally, the order of sample container filling should proceed from 
most volatile to least volatile compound. 

9.2 Complete and unequivocal preservation of samples, 
whether domestic wastewater, industrial wastes, or natural 
waters, is practically impossible. A l best, preservation tech
niques only rciard '.he chemical and biological changes that 
inevitably continue after the sample is removed from the 

' source. Therefore, insuring the timely analysis of a sample 
I should be one of the foremost considerations in the sampling 

plan schedule. Methods of preservaiion are somewhat limited 
I and are intended lo retard biological action, retard chemical 

reactions and complexes, and reduce the volatilization of 
' constituents. Preservation methods are generally limited to pH 
^ control, chemical addition, refrigeration, and freezing. For 

water samples, immediate refrigeration jusi above freezing 
| (4°C in wet ice) is often the best preservaiion technique 

available, but it is not the only measure nor is it applicable in 
^ all cases. There may be special cases where it might be prudenl 
I to include the temperature to which the samples were exposed. 

Inexpensive devices for this purpose, such as a recording 
} thermometer, are available for this purpose. A water-filled 

bottle may be included in the sample-shipping container for 
I temperature measurement by the laboratory receiving the 
j samples. 

9.3 Al l bottles and containers must be specially pre-cleaned, 
i and organized in ice chests (isolating samples and sampling 

equipment from the environment) before one goes into the 
' field. The time in the field is very valuable and should be spent 
I on taking field notes, measurements, and m documenting 

samples, not on labeling and organizing samples. Therefore, 
the sampling plan should include clear instructions to tbe 
sampling personnel concerning the information required in the 
field data record logbook (notebook), the information needed 
on container labels for identification, the chain-of-custody 
protocols, and the methods for preparing field blanks and 
spiked samples. Examples of detailed plans and documentation 
procedures have been published (23, 62, see Guide D 608y). 

9.4 The exact requirements for the volumes of sample 
needed and the number of containers to use may vary from 
laboratory to laboratory. This will depend on the specific 
analyses to be performed, the concentration levels of interest, 
the individual laboratory protocols, and the required QC 
samples. Since a well may not be capable of yielding adequate 
sample volume, a minimum required sample volume should be 
provided to ihe sample crew. The manager uf the sampling 
program should make no assumptions about the laboratory 
analyses. He should discuss the analytical requirements of the 
sampling program in detail wilh the laboratory coordinator 
beforehand. This is especially the case since some analyses and 
preservation measures must be performed at the laboratory as 
soon as possible after the samples arrive. Thus, appropriate 
arrangements must be made. 

9.5 There are a number of excellent references available 
which list Ihe containers and preservation techniques appropri
ate for water and soils (22, 23, 2.9, 58, 63-65). Some of this 
information is summarized in Table X I . I nnd Guide D 6517, 
however, different regulatory programs have specific require
ments that musl be mel. 

9.6 Sample containers for VOC samples require special 
cleaning and handling considerations (66). The sample con
tainer for purgeable organics consist of a screw-cap vial (25 to 
125 mL) fitted with a TFE-fluorocarbon faced silicone septum. 
The via! is scaled in Ihe laboratory immediately after cleaning 
and is only opened in the field just prior to pouring a sample 
into it. The water sample then must be scaled into the vial 
headspace free (no air bubbles) and immediately cooled (4°C) 
for shipment. Multiple samples art taken because leakage of 
containers may cause losses, may allow air to enter Ihe 
containers, and may cause erroneous analysis of some constitu
ents. Also, some analyses are best conducted on independently 
preserved samples. The sampling program for VOCs should 
include at a minimum trip blanks Trip blanks and field spikes 
should also be considered for low level analysis. 

9.7 The laboratory must analyze the purgcabte samples 
within 14 days after collection. For samples for solvent 
extractions (extractable organics-base neutrals, acids, pesti
cides, herbicides), the sample bottles are narrow mouth, screw 
cap quart bottles or half-gallon bottles that have been pre-
cleaned, rinsed with the extracting organic solvent and oven 
dried al 105°C for at least I h. These bottles must be sealed 
with TFE-fluorocarbon lined caps (Note 1). Samples for 
organic extraction must be extracted within 7 days and ana
lyzed within 40 days after extraction 

NOTE 1 --When collecting samples, the bottles should net be overfilled 
or prerinsed with sample before tilling because oil and olhei materials may 
remain in the bonle. This can cause erroneously high resulli. 

9.S For a number of ground-water parameters', the most 
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meaningful measurements arc those made in the field at the 
tune of sample collection or at least at an on-site laboratory. 
These include ihe water level in the well (see Test Method 
I) 4750) and parameters that can change rapidly with storage. 
A discussion of the various techniques for measuring the water 
level in the well is contained in a NCAS1 publication (67) and 
detailed procedures are outlined in a U.S. Geological Survey 
publication (68. 69). Although a discussion of water level 
measuring techniques is beyond the scope of this guide, it is 
important to point out that accurate measurements must be 
made cither before a well is purged or after il has had sufficient 
lime io recover. Parameters that can change rapidly with 
storage include pH. turbidity; redox potential, DO. and tem
perature. Specific conductance, although most accurately de
termined in a laboratory setting, often is measured in Ihe field 
where it is used as an indicator parameter to determine the 
completeness of purging. For some of the other parameters, the 
emphasis in ground-water monitoring is on the concentration 
of each specific dissolved component, not the total concentra
tion of r;ich. Samples for these types of measurements should 
be filtered through 0.45 um membrane filters ideally in the field 
or possibly at an on-site laboratory as soon as possible. 
Analyses often requiring filtered samples include metals, 
radioactivity parameters, dissolved organic carbon, dissolved 
orlhophosphgte. and total dissolved phosphorous (22. 23). I f 
metals are to be analyzed, filler the sample prior to acid 
preservation. If concerns related to the loss of mobile colloidal 
material by filtering is a consideration, sampling protocol 
should be modified to limit sample turbidity during collection 
so that filtering is not necessary. This is often done by using 
very low purge and sample How rales. For total organic carbon 
(TOC). ihe filter materia] should be lested lo assure that it does 
not conlribute to the TOC. The type or size of the filter io be 
used is not well determined. However, i f results of metal. TOC 

or other parameters that could be affected by solids are to be 
compared, the same filtering procedure must be used in each 
case. Repeated analytical results should state whether the 
samples were filtered and how they were filtered. 

l).9 Shipment and receipt of samples must be coordinated 
with Ihe laboratory to minimize lime in trausit or weekend 
delivery receipt. Al l samples for organic analysis (and many 
other parameters), should be maintained at 4°C (±2°C) (65) 
during storage and shipping and should arrive at the laboratory 
within one day after shipment. Sample receipt should be 
verified to provide an opportunity to trace a lost shipment or to 
resample i f breakage occurs during shipment. 

9.10 A commonly used shipping container is an insulated 
ice chest (cooler) equipped with bottle dividers. An overnight 
courier service is recommended, i f personal delivery service is 
not practical. Care must be taken in packaging ihe ice so that 
no leakage occurs. Such leakage may damage sample labels or, 
i f it escapes the sample cooler, may be misconstrued to be 
hazardous liquid by the courier. Sample paperwork, including 
the chain-of-custody. should be enclosed in a seated plastic bag 
and taped to the inside lid of the shipping container to protect 
it from waler. Sample containers may be sealed in plastic bags 
to proiect sample labels from water damage from melting ice or 
sample leakage from other bottles. 

9.11 Many courier services have strict shipping require
ments for samples that are "'hazardous.'' The courier service 
should be contacted prior to field activities if there is a concern 
about how to ship a sample. 

10. Keywords 

10.1 diffusion sampling; ground water; low flow; low stress; 
minimal purge; monitoring; purge; sampling; stabilization; 
well 

APPENDIX 

(Nonmandatory information) 

X I . SAMPLE HANDLING PROCEDURES FOR GROUND WATER MONITORING PARAMETERS 

X l . l See Table X I . I for procedures for handling samples. 
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T A B L E X I . 1 Samp le Hand l i ng P rocedu res For G round Water Mon i to r i ng P a r a m e t e r s (77) 

Bottle Type* 

pH 

Specific Conductance 
Alkalinity and Bicarbonate 
COO 

TSS 
Chloride 
Fluoride 
Nitrate 

Sullale 
Ammonia 

Uercur/ 
Metals. Dissolved 
(Including Ca, Ms. K, Na) 
Metals. Total 
(Including Ca. Mg. K. Na) 
Phenols 

Hardness 
Volatile Oraanic 
Compounds (VOC) 
Total Organic Carbon 

Tolal Organic Halogen 
(TOH) 

P.G 

P.G 
P.G 
PG 

P,G 
P.G 
P.G 
P 

P.G 

RG 
P.G 

P.G 
P.G 

P.G 

P.G 

Turbidity 

P.G 
G, TFEMmed cap 

G. TFE-lined cap 

Amber glass. TF£-
li net cap 

P. borosilrcale qlass. 

Preservative 

None, analyze immediately 
for field measurement 
Coo' (4'C) 
Cool (4'C) 
Analyze ASAP (3 48h) or 
add HjSO, lo PH^2 . cool 
(4'C) 
Cool (4*C) 
Cool (4X1 
Norte 
None 
Analyze ASAP (s48n) or 
add H^SO, to DH<2; cool 

(4X> 
Cool ( 4X ) 
Analyze ASAP (S48h) or 
•dd H-SCL, lo pHe2; cool 
(4-C) 
H N 0 3 to pH<2 
Filler on site; HN03 to 
pH<2 
HNOj to pH<2 

Add H 3 SD 4 pH<2, cool 
(4'C) 

HMO, to pH<2 
Arid HCL 10 pH«2; cool 
(4'C) 
Add H,SO^ er HCL rr> 
pr-U-2. cooi j4"Cj 
H ? SO, to pH<2 and cool 
(4'C)forEPA 902OA; cool 
(4*C) tor EPA 9022 
Cool (4'C) 

Volume Required lor 
Analysis, min (n iL l a 

150 
100 
100 

100 
100 
50 
300 
100 

50 
500 

1C.0 
200 

500 

100 
2 x 40 ml 

100 

Storage Time (witn 
Preservation, wnere 

app'icable). ma* 

ASAP (-048 ti) tor lab 
measurement 
i'B days 
14 days 
28 days 

7 days 
7 oays 
28 days 
28 days 
2S days 

26 days 
28 days 

28 days 
6 months 

6 months 

28 days 

6 rnontiis 
14 days 

25 days 

29 days 

48 h 

* P - plastic (polyerhvlene o r equivalent): G - Glass: G. TFE-ljncct cap 
"Individual laboratories may reques! more than t>>6 minimum volume. 
c ASAP = As soon as nossibfe. 

= Glass sciew-cap vials sealed with Teflon-faced silicone septa. 
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