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April 14, 2008

Mr. Glenn von Gonten

New Mexico Oil Conservation Division
1220 South St. Francis Drive

Santa Fe, New Mexico 87505

RE:  Pude Energy QE 13 #1 Reserve Pit
NMOCD #AP-080

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 requites 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.

o

Randall T. Hicks
Principal

Copy: Pride Energy
NMOCD District IT
New Mexico State Land Office
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Pride Energy Company — QE 13 #1 Reserve Pit Site
Stage 1 Abatement Plan (AP-80)

1.0 Description of the Site

1.1 Location

Plate 1 shows the location of the QE 13 #1 reserve pit site relative to four additional Pride Energy
Company sites and Tatum, New Mexico. Plate 2 is a 2004 aertal photograph showing the general
area of the site. The site is in T12S R34E Section 13 Unit Letter N (N 33° 167 22.9", W 103° 27
55.27, AP1 #30-025-29634). To access the site:

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

2. Proceed south about 1.5 miles on the dirt access road and turn east at the road
intersection

3. Drive east about 0.6 miles and tum north onto the access road to the well

4. The site 1s at the end of the access road.

1.2 Site History

! February 10,1986 ivTenneco subm1ts APD 10 drlll orlgmal well
- January 13, 2003 Merrit Energy temporarlly abandons well

* March 1, 2004 . Pride submits APQN(QJ,.QD.TQ re-enter QF 13 #1
" September 16,2004 Well spudded

|

f May 01, 2005 f_mComplete well to dellver gésv v

November 7, 2004 z,,,Reach total depth of well

: August 29, 2007 - C-144 Pit Closure Form submﬁted to NMOCD
: December 10,2007 : Revised C-144 submltted by Elke Environmental to NMOCD

¢ January 30,2008  : C-141 submitted by Elke Eny;ronme»n»tal to NMOCD

February 12,2008 - NMOCD requires submission of AbatementPlan |

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 1s 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, 1s composed of a
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Pride Energy Company — QE 13 #1 Reserve Pit Site
Stage 1 Abatement Plan (AP-80)

thick sequence of red clays that act as an aquiclude.

The sediments which form the Ogallala Formation were carried eastward from uplifted area 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 in the area ranges from approximately 24 ft to 38 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 several
miles of the site demonstrate that the ground water gradient 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 Musharrafich, 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 as low as 10 ft/year 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 an
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-080.

Based upon these data and experience at similar sites, brine from the pit probably migrated
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Pride Energy Company — QE 13 #1 Reserve Pit Site
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through the vadose zone to ground water via saturated flow during operation of the drilling pit or
sometime during the drying process. The decline of chloride concentrations observed from about
30 feet below grade to the water table (at 36 feet below ground surface) in TP-3 and TP-4 is due
to dilution of the migrating brine by ground water residing within the capillary fringe. The
decline in chloride concentrations at depth of 25 feet in TP-1, 20 feet in TP-2 and 25 feet in TP-5
suggest that brine leakage through the vadose zone to ground water may not have occurred in the
eastern portion of the 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.

2.5 Surface-Water 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 QE 13 #1 site, a ground water sample from Monitoring Well #1 collected on January 24",
2008 shows a chloride concentration of 1,490 mg/L. The March 13" sampling event shows a
chloride concentration of 4,340 mg/L and a total dissolved solids (TDS) concentration of 6,040
mg/L. The laboratory did not detect regulated hydrocarbons in the March sample. Analyses for
regulated hydrocarbons did not occur in the January sampling event.

On March 27" Hicks Consultants performed a conductivity profile of the screened interval at
MW-1 at the South Four Lakes Unit #15 reserve pit site (located 2.5 miles northwest of QE 13 #1
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. In theory the flow-through
batler 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 . ~:._..’-Spéciﬁc*Conductance - ¢ Chloride - "= 750 0 ..
mS/cm mg/L mg/L
0-3 feet below water 3.72 1,100 2,200
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table
17-20 feet below 9133 3,100 5,400
water table
After purging 13.3 4,700 8,100

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 thie 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 QE 13 #1. Additional testing is necessary to confirm these initial
findings.

Laboratory analytical reports are included in Appendix B.

Assuming that the release of brine occurred soon after drilling was completed at QE 13 #1
(November 2004), the extent of ground water impairment could be 100 feet down gradient
(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:

(1) To quantify the volume and geometry of ground water impairment caused by the
release from the former reserve pit, and
(1) 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 75 feet southeast (downgradient) of existing MW-1 as
shown (See B-1, 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 determination of specific
conductance 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;

¢. Based upon the results of the 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).
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Pride Energy Company — QE 13 #1 Reserve Pit Site
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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 upen comparison with previous analytical data.

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

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.

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. If 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.

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.

Source Removal and Testing

Because data suggest that the salinity of ground water at the site exceeds 5,000 mg/L
(a salinity that may be acceptable to mature livestock according to NMSU Guide M-
112, 1995), this plan proposes a 3-month source removal and test pumping program.
The purpose of this pumping program is to determine if ground water may be
restored within 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 to10 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,
1. On a weekly basis for the first month of pumping, and
iti.  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,
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¢. 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 o1l well drilling in the immediate area), a pump-and-use strategy
probably does not create the highest environmental benefit.

If 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 1s not consistent with conservation and best management practices for the
groundwater resource.. A pump-and-dispose strategy may make sense 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 provides the
highest environmental benefit.

5.0 Reportto 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.
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5.1

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

4. Provide a long-term monitoring program.

Quality Assurance Plan

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

5.2

Order of Proposed Activities

1. Submit this Abatement Plan to NMOCD

2. Conduct characterization program

3. Commence ground water testing program

4. Submit a vadose zone remedy proposal

5. Submit an ground water remedy proposal to NMOCD

6. Implement NMOCD-approved ground water remedy and begin long-term monitoring
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Plates

R.T. Hicks Consultants, Ltd.

901 Rio Grande Bivd. NW, Suite F-142
Albuquerque, NM 87104
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Appendix A
OSE well locations within 1/2 mile;
OSE well logs
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Well logs are included on the
attached cd.




Appendix B

Laboratory Certificate of Analysis

R.T. Hicks Consultants, Ltd.

901 Rio Grande Blvd. NW, Suite F-142
Albuquerque, NM 87104
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Analytical Report 299691

for

R.T. Hicks Consultants, LTD

Project Manager: Randy Hicks

Pride Energy Company
South Four Lakes #14

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: 299691
Pride Energy Company
Project Address: T11S-R34E, Section 35, Unit Letter 1

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 299691. 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 ecither the NELAC certification number of the
subcontract lab 1n 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 1s 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 reccived, and described as recorded in Report No. 299691 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.

Respectfully,

Brent Barron, 11

Odessa Laboratory Manager

Recipient of the Prestigious Small Business Administration Award of Excellence in 1994,
Certified and approved by numerous States 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
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Sample 1d
MW-1

v o T

Sample Cross Reference 299691

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

Matrix Date Collected Sample Depth Lab Sample 1d
W Mar-13-08 10:10 299691-001
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Certificate of Analysis Summary 299691
R.T. Hicks Consultants, LTD, Albuquergue, NM

Project Name: Pride Energy Company

Project Id: South Four Lakes #14 Date Received in Lab:  Mar-14-08 05:16 pm
Contact: Randy Hicks Report Date:  20-MAR-08
Project Location: T11S-R34E, Section 35, Unit Letter | Project Manager:  Brent Barron, 1l
Lab 1d: 299691-001
Analysis Requested Field Id: MW-1
Depth:
Matrix: WATER
Sampled: Mar-13-08 10:10
Anions by EPA 300/300.1 Extracted:
Analyzed: Mar-15-08 10:29
Units/RL: mg/L RL
Chioride o - 1710 250
Sulfatc 390 25.0
BTEX by EPA 8021B Extracted: Mar-19-08 10:00
Analyzed: Mar-19-08 17:44 .

Units/RL: mg/L RL ‘.
Benzene ND  0.0010 i
Tolucne ND  0.0020 |
Ethylbenzene ND  0.0010 t
m,p-Xylenes ND  0.0020 ‘ _
o-Xylenc ND  0.0010 |
Xylencs, Total N o - ND - | . o
Total BTEX ’ ND |

Metals per 1CP by SW846 6010B Extracted:
Anglyzed:}  Mar-17-08 16:36

|
- | Units/RL: mg/L. RL ' ~ J
Calcium ‘ 585 0.100 |
Magncsium viw 12 0.010 1 - !
Potassium 5.05 0.500 ‘
Sodium o 511 0.500 o
TDS by SM2540C | Extructed: |
Analyzed: Mar-17-08 16:00 ; !
{ Units/RL: mg/L RL l‘
Total dissolved solids 4260 5.00 T
Total Alkalinity by EPA 310.1 Extracted:
Analyzed: Mar-17-08 14:15 ]
Unirs/RL: mg/L RL |
‘Alkalinity, Total (as CaCO3) 230 4.00] I

This analytical seport. and the entire data package it represents. has been made for your exclusive and confidential use.
The interpretations and results expressed threughout th I report represent the best judgment of XENCO Laboratories.
XENCO Laboratories assumes no responsibility and makes no warranty to the end use of the data

hereby presented.
Our Hability is lmited to the amount invoiced fo this work order unless otherwise agreed o in writing, %
(/ft/ w=

Since 1990 Houston - Dallas - San Antonio - Austin - Tampa - Miami - Latin Amcrica - Atlanta - Corpus Christi rent Barron

Odessa Laboratory Director
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( 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 by numerous States 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

Phonc Fax
11381 Mcadowglen Lanc Suite L Houston, Tx 77082-2647 (281) 589-0692 (281) 589-0695
9701 Harry Hincs Blvd . Dallas, TX 75220 (214) 902 0300 (214) 351-9139
5332 Blackberry Drive, Suite 104, San Antonio, TX 78238 (210) 509-3334 (210) 509-3335
2505 N. Falkenburg Rd., Tampa, FL 33619 (813) 620-2000 (813) 620-2033
5757 NW 158th St, Miami Lakes, FL 33014 (305) 823-8500 (305) 823-8555
6017 Financial Dr.. Norcross. GA 30071 (770) 449-8800 (770) 449-5477
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ST

rogate Recoveries

Form 2 - Sur

Project Name: Pride Energy Company

Work Order #: 299691 Project ID: South Four Lakes #14
Lab Batch #: 717610 Sample: 299447-003 S/ MS Batch: 1| Matrix: Water
Units: mg/L SURROGATE RECOVERY STUDY
Amount True Control
BTEX by EPA 8021B Found Amount Recovery Limits Flags
(Al [B] %R %R
Analytes (D}
1,4-Difluorobenzence 0.0307 0.0300 102 80-120
4-Bromofluorobenzene 0.0320 0.0300 107 80-120
Lab Batch #: 717610 Sample: 299447-003 SD/ MSD Batch: 1 Matrix: Water
Units: mg/L SURROGATE RECOVERY STUDY
BTEX by EPA 8021B Amount True Control
Found Amount Recovery Limits Flags
[A] [B} %R %R
Analytes (D]
1 4-Diftuorobenzene 0.0309 0.0300 103 80-120
4-Bromofluorobenzene 0.0322 0.0300 107 80-120
Lab Batch #: 717610 Sample: 299691-001 / SMP Batch: ! Matrix: Water
Units: mg/L SURROGATE RECOVERY STUDY
BTEX by EPA 8021B Amount True Control
Found Amount Reeovery Limits Flags
{A] 1B %R %R
Analytes (D}
1.4-Difluorobenzene 0.0325 0.0300 108 80-120
4-Bromofluorobenzene 0.0329 0.0300 110 80-120
Lab Batch #: 717610 Sample: 506150-1-BKS / BKS Batch: 1 Matrix: Water
Units: mg/L SURROGATE RECOVERY STUDY
BTEX by EPA 8021B Amount True Control
v Found Amount Recovery Limits Flags
[A] [B] %R %R
Analytes (D]
1.4-Difluorobenzene 0.0336 0.0300 112 80-120
4-Bromofluorobenzene 0.0353 0.0300 I8 80-120
Lab Batch #: 717610 Sample: 506150-1-BLK / BLK Batch: 1 Matrix: Water
Units: mg/L SURROGATE RECOVERY STUDY
BTEX by EPA 8021B Amount True Control
Found Amount Recovery Limits Flags
[A} B} %R %R
Analytes [D]
1.4-Difluorobenzence 0.0327 0.0300 109 80-120
4-Bromofluorobenzene 0.0328 0.0300 109 80-120

** Surrogates outside limits; data and surrogates confirmed by rcanalysis
*** Poor recoverics duc to dilution

Surrogatc Recovery [D] = 100* A/ B

All results are based on MDL and validated for QC purposes.
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S R

ecoveries

Project Name: Pride Energy Company

Work Order #: 299691 Project ID: South Four Lakes #14
Lab Batch #: 717610 Sample: 506150-1-BSD / BSD Batch: 1 Matrix: Water
Units: mg/L SURROGATE RECOVERY STUDY
BTEX by EPA 8021B Amount True Control
Found Amount Recovery Limits Flags
(A} (B] %R %R
Analytes D)
1,4-Difluorobenzene 0.0306 0.0300 102 80-120
4-Bromofluorobenzene 0.0331 0.0300 110 80-120

** Surrogates outside limits; data and swrrogates confirmed by reanalysis
*** Poor recoverics duc to dilution

Surrogate Recovery [D] =100 *A /B

Al results are bascd on MDL and vahdated for QC purposcs.
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nk Spike Recovery

Bla

Project Name: Pride Energy Company

Work Order #: 299691 Project ID: South Four Lakes #14
Lab Batch #: 717368 Sample: 717368-1-BKS Matrix: Water
Date Analyzed: 03/17/2008 Date Prepared: 03/17/2008 Analyst: WRU
Reporting Units: mg/L Batch #: 1 BLANK /BLANK SPIKE RECOVERY STUDY
Total Alkalinity by EPA 310.1 Blank Spike Blank Blank Control
Result Added Spike Spike Limits Flags
[A] {B] Result %R %R
Analytes iC] (D]
Alkalinity, Total (as CaCO3) ND 200 172 86 80-120
Lab Batch #: 717419 Sample: 717419-1-BKS Matrix: Water
Date Analyzed: 03/15/2008 Date Prepared: 03/15/2008 Analyst: LATCOR
Reporting Units: mg/L Batch #: 1] BLANK /BLANK SPIKE RECOVERY STUDY
Anions by EPA 300/300.1 Blank Spike Blank Blank Control
Result Added Spike Spike Limits Flags
[A] [Bj Resuit %R %R
Analytes IC] (D]
Chloride ND 10.0 9.45 95 85-115
Sulfate ND 10.0 871 87 90-110 L

Blank Spike Recovery [D] = 100*[C}/[B]
All results are based on MDL and validated for QC purposcs.

Page 8 of 14




vl 40 6 8beqd

sasoding Q) 10y porepijep pue TN UO paseq dde sHNsdl |y
[31(4)x001 = [D] K191000y dreatjdng axqds Auelg
(81402001 = [a] £&10a000y ox1dsS Hue|g

[(4+Q)/(4-Q)lx007 = Qdd QUIDHJIQ WDIIIDG IANB[OY

Y4 €ei-1L 14 96 65600 10 001 8660°0 00010 aN Qud|Ax-0
94 HE1-0L 14 63 vLLIO 0 6 1#81°0 00020 AN SOUd|AX -d'w
1574 6Cl-IL € 68 $880°0 1'0 6 9160°0 0001°0 anN 2UDZUIGIALI]
ST AR VA 4 8 87800 10 LY 89800 0001°0 UN ouanjoy
Y4 STi-0L 4 S8 8v80°0 1’0 L8 L980°0 0001°0 anN audzudg
ol | lwesu | f@l | gl ) la! saidjeny
add% Y% % W% aedndng % Hnsay vl
dely 1L | snury ady dnq aidg P3ppY midg dg pPappy  |)nsay sjdutes
103u0) | jou0) Ads g Aue|g Mdg Auelg Aueig idg Huelg 41208 vdd A9 XA.L9
AdNLS AYTAODFY ALVOITANd AMIAS INVIL / IS JINVIL/ INVIY 18w SN

12IEAL IXMIBIA [ #yoeg SYE-1-051905 :djdweg 019L1L a1 ydseg qe
800T/61/£0 :pazkjeuy ajeq 800Z/61/£0 :patedaid areq HS Isdleuy
¥ 14 saye] Inoq yinos :j 3v3foag 169667 :# 13p10) 1047

Auedwo) A313uy aprad :owep daloayg

SOLIA0IY dSd /SS9




T T e

S S ORGP L A

eries

Form 3 - MS Recov

Work Order #: 299691

Project Name: Pride Energy Company

Lab Batch #: 717419 Project ID: South Four Lakes #14

Date Analyzed: 03/15/2008 Date Prepared: 03/15/2008 Analyst: LATCOR

QC- Sample ID: 299690-001 S Batch #: 1 Matrix: Water

Reporting Units: mg/L MATRIX / MATRIX SPIKE RECOVERY STUDY

Inorganic Anions by EPA 300 Parent Spiked Sampk{ Control
Sample Spike Result %R Limits Flag
Result Added ] (D] %R
Analytes (A} B}
Chloride 4150 1000 5250 110 85-115
Sulfate 415 I 1000 1400 99 90-110

Matrix Spike Percent Recovery [D] = 100*(C-A)/B
Relative Percent Difference {E] = 200%(C-AY(C+B)
All Results are based on MDL and Validated for QC Purposcs
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Work Order #: 299691

Lab Batch #: 717419

Project Name: Pride Energy Company

Date Prepared:  03/15/2008

Project ID: South Four Lakes #14
Analyst: LATCOR

Date Analyzed: 03/15/2008
QC- Sample ID: 299690-001 D

Batch #: 1 Matrix: Water

Reporting Units: mg/L SAMPLE / SAMPLE DUPLICATE RECOVERY
Anions by EPA 300/300.1 Parent Sample|  Sample Control
Result Duplicate RPD Limits Flag
A] Result %RPD
Analyte {B]
(Chloride 4150 4140 0 20
Sulfatc 415 406 2 20

Lab Batch #: 717329
Date Analyzed: 03/17/2008

QC- Sample ID: 299654-001 D

Date Prepared:  03/17/2008

Analyst: LATCOR

Batch #: 1 Matrix: Water

Reporting Units: mg/L SAMPLE / SAMPLE DUPLICATE RECOVERY
Metals per ICP by SW846 6010B Parent Sample|  Sample Control
Result Duplicate RPD Limits Flag
[A] Result %RPD
Analyte [B]

Calcium 45.1 458 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: 03/17/2008

Analyst: RBA

Batch #: 1 Matrix: Water

Reporting Units: mg/L. SAMPLE / SAMPLE DUPLICATE RECOVERY
TDS by SM2540C Parent Sample)  Sample Control
Result Duplicate RPD Limits Flilg
[A] Result %RPD
Analyte [B]
Total dissolved solids 978 972 ] 30

Lab Batch #: 717368
Date Analyzed: 03/17/2008

QC- Sample ID: 299680-001 D

Date Prepared:  03/17/2008

Analyst: WRU

Batch #: 1 Matrix: Water

Reporting Units: mg/L SAMPLE / SAMPLE DUPLICATE RECOVERY
Total Alkalinity by EPA 310.1 Parent Sample| ~ Sample Control
Result Duplicate RPD Limits Flag
1A] Result %RPD
Analyte [B]

Alkalinity, Total (as CaCO3) 228 236 3 20
Alkalinity, Carbonate (as CaCO3) ND ND NC 20
Alkalinity, Bicarbonate (as CaCO3) ND ND NC 20

Spike Relative Difference RPD 200 * | (B-A)/(B+A} |
Al Results arc bascd on MDL and validated for QC purposcs.
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Environmental Lab of Texas

Variance/ Corrective Action Report- Sample Log-tn

Ciient: LA S

Date/ Time: 208 405
LabiD#: e
tnitiats: At

Sample Recelpt Checklist

Client Initials

Bﬁ Temperature of container/ cooler? '@L No -1.4 °C
#2  Shipping container in good condition? Yes’/ No
#3  Custody Seals intact on shipping container/ cooler? Yed No Not Present
#4 Custody Seals intact on sample bottles/ container? Yes_ No WO Present >
#5 Chain of Custody present? j %) No
#6  Sample instructions complete of Chain of Custody? No
#7  Chain of Custody signed when relinguished/ received? @ No
#8 Chain of Custody agrees with sample label(s)? Yok No 1D written on Cont/ Lid
#9  Container label(s) legible and intact? : @ No Not Applicable
#10 Sample matrix/ properties agree with Chain of Custody? Yed No
[#11 Containers supplied by ELOT? % No
#12 Samples in proper container/ bottle? No See Below
#13  Samples properly preserved? \’@ No See Below
#14 _Sample bottles intact? sez No
#15 Preservations documented on Chain of Custody? No
#16 Containers documented on Chain of Custody? Y No
#17 Sufficient sample amount for indicated tesi(s)? Yes No See Below
#18 Al samples received within sufficient hold time? Ye No See Below
#19 Subcontract of sample(s)? Yes No ATt Applicablg
#20 VOC samples have zero headspace? V&3 No Not Applicable
Variance Documentation
Contact: Contacted by: Date/ Time:
Regarding

Corrective Action Taken:

Check alt that Apply: [ See attached e-mail/ fax
Client understands and would like to proceed with analysis
3 Cooling process had begun shorlly after sampling event
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WELL SAMPLING DATA FORM

CLIENT:  Pride Energy Company WELL ID: MW- 1
SITE NAME: State QE 13 #1 DATE: March 13, 2008
SITE LOCATION: T12S-R34E-Sec 13 Unit N SAMPLER: Gil Van Deventer

LAT/LONG: N 33° 16" 24.2", W 103° 27' 58.4"

PURGING METHOD: Hand Bailed [] Pump If Pump, Type:
3AMPLING METHOD: Disposable Bailer [ Direct from Discharge Hose [ Other:
[DESCRIBE EQUIPMENT DECONTAMINATION METHOD BEFORE SAMPLING THE WELL:

[¥] Gloves [7] Alconox Distilled Water Rinse [ ] Other:

DISPOSAL METHOD OF PURGE WATER: [ Surface Discharge []Drums SWD Disposal Facility

TOTAL DEPTH OF WELL: 43.7  Feet
DEPTH TO WATER: 38.48 Feet 26'-46' bgs Well Screen Interval
HEIGHT OF WATER COLUMN: 5.22 Feet 2.6 Minimum gallons to purge 3 well volumes
'NELL DIAMETER: 2.0 Inch 3 Actual Gallons purged
| VOLUME| TEMP. | COND. DO
PEARANCE R
i TIME PURGED oc mS/em pH mg/L PHYSICAL AP CE AND REMARKS
[ 12:29 PM 1 17.3 8.36 6.50 6.1
112:30 PM 2 17.5 8.73 6.69 6.2
12:33 PM 3 17.5 9.19 6.78 6.1
 12:35 PM 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.

_Jelivered samples to Xenco Laboratories /Environmental Lab of Texas for BTEX, Major lons, TDS, nitrate, Total Fe, and total Mn analys
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Appendix C

Chloride Conceptual Model

R.T. Hicks Consultants, Ltd.

901 Rio Grande Blvd. NW, Suite F-142
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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: o
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-1 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 1n the first example. Chloride concentrations in

the monitoring well are higher due to the larger flux of brine into the aquifer.
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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
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qm Designalion: 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'

This standard is issved under the Hixed designation D 5784; the mimuber inmediately following the designalion jndicates the year of
oniginal aduption or, i the case of revision. the year of last revision. A number in parentheses mdicaies the year of hast reapproval. A
superserips epsilon (€) insbicates an ediorial change simce the last revision of reapproval

1. Scope

1.1 This guide covers how hallow-stem auger-drilling sys-
tems may be used for geoenvironmental exploration and
installation of subsurface water-quality monitoring devices.

1.2 Hollow-stem auger drilling for gevenvironmental explo-
ration and monitoring device tnstalfations often involves safety
planning, administration. and documentation. This guide docs
not purport to specifically address exploration and site safety.

Notr 1—This guide does not include considerations for peotechnical
site that are addressed in a separate Guide.

1.3 The values stated in S1 units are to be reparded as the
standard, The inch-pound anits ghven in porentheses are far
information only.

1.4 This standard does not purport io address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard 1o establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior 1o use.

3.5 This guide offers an organized collection of information
or a series of options and dves not recommend a specific
course of action. This document cannot replace education or
experience and should be used in conjunction with professional
Judgment. Not all aspects of this guide may be applicable in all
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 been approved
through the ASTM consensus prucess.

- Referenced Documents

2.Y ASTM Standards:

D 653 Terminology Relating to Soil, Rock, and Contained
Fluids*

D 1452 Practice for Seil Investigation and Sampling by
Auger Borings®

! This guide is under the jurisdiction of ASTM Committee D18 on Seil and Rock
and is the direct 1esponsibility of Subcomminee D182V on Ground Waer and
Vadose Zene Investigations.

Curn:m edition approved Oct. 10, 1995, Published December 1995

* Annual Book of ASTM Standards, Vol .08,

Copyright © ASTM, 108 Baw Hartior Driva. West Conshobacken, P4 19428-2558. Uniled States.

D 1586 Test Method for Penetration Test and Spht-Barrel
Sampling of Soils*

D 1587 Test Method for Thin-Walled Tube Sampling of
Soils?

D 2113 Test Method for Diamond Core Drilling for Site
Investigation®

D 2487 Test Method for Classification of Suoils for Engi-
neering Purposes’

D 2488 Practice tor Description and [dentification of Soils
(Visual-Manual Procedure)?

D 3550 Practice for Ring-Lined Barre! Sampling of Soils?

D 4220 Practices for Preserving and Transporting Soil
Samples’

D 4428/D4428M Test Methods for Crosshole Seismic Test-
e 2
ing”

D 4700 Guide for Soil Sampling from the Vadose Zone?

D 4750 Test Method for Determining Subsurface Liquid
Levels 1n a Borehcle or Monitoring Well (Jbservation
Well)?

D 5079 Practices for Preserving and Transporting of Rock
Core Samples’

D 5088 Practice for Decontamination of Fieid Equipment
Used at Non-Radioactive Waste Sites?

D 5092 Practice for Design and Installaion of Ground
Water Monitaring Wells in Aquifers’

D 5099 Test Method for Rubber—-Measurement of Process-
ing Properties Using Capillary Rbeomeitry?

D 5254 Practice for Minimum Set of Data Elements to
ldentify a Ground-Water Site?

3. Terminology

3.1 Definitions:

3.0.1 Terminology used within this guide is in accordance
with Terminology D 653. Definitions of additional terms may
be found in Terminology D 653.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 bentonite—the common name for dnlling fluid addi-
tives and well-construction products consisting mostly of
naturally occurming montmenllonite. Some bentonite products
have chernical addnives that may affect water-quality analyses.

* Annuaf Bock of ASTM Standards, Vol 04.09.
* Annwal Beok of ASTM Standanis, Vol 09.0}.
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2.2.2 hemsonite granules and chips—imegularly shaped par-
ticles of bentonite ifrec from additives) that have been dried
and separated Into 3 specific size range.

3.2.3 bentonite pellets—rouphly spherical- or disk-shaped
units of compressed bentonite powder (some pellet manufae-
turers cout the bentonite with chemicals that may affect the
water-quality analysis).

3.2.4 coefficient of uniformity— C, (D), the rativ Dgy/D
where D, is the particle diameter corresponding to 60 % finer
on the cumulative particle-size distribution curve, and D, is
the particle diameter commesponding to 10 % finer on the
cumulative particle-size distribution curve.

3.2.5 continuous-sompling  devirzes—barrcl-type samplers
that fit within the lead auger of 1the hollow-auger coluinn. The
sampler barrel fills with matenial as the augers advance.

3.2.6 drill hole—a cylindrical hole advanced into the sub-
surface by echapical means. Also known as borchole or
boring.

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

3.2.8 filter pack—also known as a gravel pack or & primary
filter pack in the practice of monitoring-well instsllatiens. The
gravel pack is usuvally granular matenal. having specified
grain-size charactenistics. that 15 placed between a monilonng
device and the borehole wall. The basic purpose of the filter
pack or gravel envelope 15 to act as: {J) a nonclogging filter
when the aquifer is not suited to natural development or, (2) act
as a formatjon stabilizer when the aguifer s suitable for natural
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.

3.2.9 Mupkinjecrion devices—usually consist of various au-
ger components or drill-ng attachments that may be used 0
inject a fluid within a hollow-auger column during drilling.

3.2.10 grout packer—an inflatable or expandable annular
plug that is attached to a tremie pipe, usually positioned
mmmediately above the discharge end of the pipe.

3.2.1% growt shoe—a drillable plug containing a check valve
that i1s positioned within the lowermost section of a casing
columnn. Grout is injected through the check valve to fill the
annular space between the casing and the borehole wall or
another casing.

3.2.11.3 Discussion—The composition of 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 completien of an incrememt of drilling. However,
some in situ testing devices (such as electronic pressure
transducers, gas-lifi samplers, tensiometers, and and so forth)
may require lowenng and setting of the device(s) in a preex-
isting borehole by means of a suspension line or a stning of
lowenng rods or pipe. Centralizers may be required 1o cor-
rectly position the device(s) in the borehole.

12

3.2.14 inrermiintent-sampling  devices—usually  barrel-type
samplers that may be rotated. driven. or pushed below the
buttom of a borehole with dnill rods or with a wireline system
10 Jower, drive, and retrieve the sampler following completion
of an increment of drilling. The vser is referred te the following
ASTM standards relating to suggested sampling methods snd
procedures: Practice D 1452, Test Mcthod D 1386, Practice
D 3530, and Practice D 1587

3.2.15 mast—or demrick, on a dnlling ng is used for
supporting the crown block, top drive, pulldown chains,
hoisting lines, and so forth. It must be constructed to safely
carry the expected foads encountered in drilling avd comple-
tion of wells of the diameter and depth for which the rig
manufaciurer specifies the equipment.

3.2.16 Discussion—To allow for contingencices, it 1§ recom-
mended that the rated capacity of the mast should be at least
twice the anticipated weight foad or normal pulling load.

3.2.17 piezometer—an insiroment for measuring pressure
head.

3.2.18 subsurface warer-quality monitoring device— an
mstrument placed below ground surface to obtain a sample for
analyses of the chemical, biological, or radiologica) character-
istics of subsurface pore water or 10 make in-situ measure-
ments.

4. Significance and Use

4.1 Hollow-stem auger dnlhng may be used in support of
geoenvironmental exploration (Practice D 3550, Test Method
D 4428) and for installation of subsurface water-quality moni-
torng devices in unconsolidated matenals. Hollow-stemn auger
drilling may be selected over other methods based on the
advantages over other methods. These advantages include: the
ability to dnit without the addition of drilling fluid(s) 10 the
subsurface, and hole stability for sampling purposes (see Test
Methods D 1586, D 1387, D 2487, and D 2488) and monjtor-
well construction in unconsolidaled to poorly indurated mate-
nials. This dnlling method is generally restricted 1o the dniling
of shallow, unconsolidated materials or softer rocks. The
hollow-stem drilling method is 2 favorable method to be used
for obtaining cores and samples and for the installation of
monitoring devices in many, but not all peelogic environments.

Note 2—In many geologic environments the hollow-stem auger drili-
ing methed can be used for drilling, sampling, and monitoring-device
mstallgtions without the addition of fluids 1o the borchole. However, in
cases where heaving walcr-bearing sands or silts are encountered, the
addition of water or drlling mud to the hollow-auger column meay become
necessary to inhibit the piping of these fluid-like materials into the avgers.
These drithng conditions, if encountered, should be documented.

4.1.) The application of hollow-stem augers to geoenviron-
mental exploration may involve ground water and soi} sam-
pling, in-situ or pore-fluid testing, or wtilization of the hollow-
auger column as a casing for subsequent drilling activities in
unconsolidated or censolidated materials (Test Methed
D 2113).

Note 3—The user may install 2 monitoring device within the same
auger borehole wherein sampling or in-situ or pore-fluid testing was
performed.

4.}.2 The holiow-stem auger column may be used as a
temporary casing for installation of a subsurface water-quality
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menitoring device. The monitoring device is usually installed
as the holow-auger column is removed from the borchole.

4.2 The subsurface water-quahity monttoring devices that
are addressed in this guide consist generally of a screened or
porous miake 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 rovement of fluids or infiltration of surface water between
hydrologic units penetrated by the borehole (see Practice
D 5092). Inasmuch as a piezometer is primanly a device used
for measuring subsurface hydraulic heads, the conversion of a
piezometer fo a water-quality monitoring device should be
made only afier consideration of the overall quality and
integrity of the installation, 1o include the quality of materials
that will contact sampled water or pas.

Notr 4 -Both water-quality monitoning devices and piezometers
should have adequate casing seals, annular isolation seals, and backfills to
deter the movement of fluids between hydrolegic units.

5. Apparatus

5.1 Each 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 (sce
Fig. 1). The hollow-avger section has 4 coupling at each end
for attachment of a hellow-auger head to the bottom end of the
lead auger section and for attachment of additional auger
sections at the top end to make up the articulated hollow-stem
auger column,

Noit 5—The inside diameter of the hollow-stem auger colomin is
usually sclected to provide an opening larue enough for insention of
monitoring-device compenents such as the screened intake and filier pack
and installation devices such as a tremie pipe. When media sempling is
required, the optimum opening sheuld peraut easy insertion and retractinon
of a sampler or core barrel. When a monitoring device is installed, the
annular opening should provide easy insertion of a pipe with an inside
diameter karge enough for placing completion materizls adjacent to the
riser.

Center =
rod Hollow—
- —— stem
e QUGET
-]
-
~r
=
-
Hollow
auger
head
0
3 Pilot
ossembly

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

5.1.3 Hollow-Auger Head, attached to the lead supger of the
hollow-auger column and usually comains replaceable,
abrasion-reststant cutters or teeth (sec Fig. 1). As the holow-
auger head is rotated, it cuts and directs the cuttings to the
auger flights which convey the cuttings 10 the surface.

5.1.2 Auger-Drive Assemblv, avtaches 1o the uppenmost
hollow-auger section and transfers rotary power and axial force
from the drill rig to the auger-column asseinbly.

5.1.3 Pilot Assembly, may consist of: (J) an auger head
aperture-plugging device with or without a center cuiting head,
or (2) a sampling device that is vsed to sample simultaneously
with advancement of the auger column.

5.1.4 Awuxiliary Components of a Hollow-Aduger Drilling
Svstem, consist af vanous devices such as avger-connector
wrenches, auger forks, hoisting hooks, and fluid-injeciion
swivels or adapters.

5.2 Drill Rig. used to rotate and advance the auger column.
The drill rig should be capable of applving the rated power at
a rotary velocity of 50 10 100 rimin. The drill ng should have
a feed siroke of at least the effective lengih of the auger
sections plus the effective length of the auger couplings plus
about 100 mmm {4 in.).

6. Drilling Procedures

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

Note 6—The drill rig. drilling and sampling tools, the rotary gear or
chain case, the spindle, and all components of the rotary drive above the
auger column should be cleaned and Jecomtaminated prior to driliing
according 1o Practice D 5088, All lubricaied rotary gear or chain cases
should be monitored for Jeaks during dnlling. Any lubricants used should
be documented. Lubricants with orgenic or metalltic constituents that could
be interpreted as contaminants if detected in a soil or water sample should
not be used on auger couphings. Any instances of possible contamination
should he doiumented

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

Nore T—If surface contamination is suspected, special drilling proce-
dures may be required to deter transport of conmminated materials
downhole. For example, the augers and auger head may be removed and
cleaned eccording to Practice D 3088 following dnilling of the initial
increments. Complete removal of the augers from a boring may allow
caving and cross contamination of materials (especially below the water
table). When augers are reinserted, attempts should be made to note if
caving or sleughing, or both, has occurred i the borehole and the
information documented.

6.3 Then continue drilling. usvally at a2 rotary velocity of
about 50 to 100 /min, and w0 a depth where intermittent
sampling or in situ testing is required. or until the drive
assembly is advanced to within about 0.15 10 0.45 m (6 to 8
m.) of the ground surface. Soil sampling is unsuwally accom-
phshed by either of two methods: (/) removing the pilot
assembly, if 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
hollew-auger column is advanced. It should be noted that the
pilot assembly and any sampling devices should be cleaned and
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decontaminated according to Pracuice D 5088 afier each use
and prior to reinsertion in the hollow-auger column. Water
sampling can also be done through the hollow-stem augers
when using avgers with watertight connections to prevent fluid
ieakage from occurring at the connections: (7} by altowing the
auger column to fill with water throogh the use of a screened
lead auger section; {2) by allowing the auger column 1o fill
from the bottem; (3) by using a soil-penetrating water sampling
device that can be lowered into the hollow-auger column and
etther dnven, rotated, or pushed oul through the bottom or Jead
auger into the undisturbed material below the auger head.

Nuit 8 - Under some circumstances 3t may be effective 1o Jritl without
usipg a pilot assembly. 1f 3 pilot assembly s not used. however, and water
is net injected into the avger column simubtaneousty with advancement,
material wall ofien enter the hollow slem of the auger colurnn. The
addition of water 0 the awger coJumn donng drilling may deter material
entrance but, on the other hand, may also affect both the mechanical and
chemical characteristics of soil samples and the quality of water samples.
Theretore, if water is added and the chemisiry deternuned, the approai-
mate volume(s) added over specific intervals and the water chemistry
should be documented.

6.4 Accomplish drilling at greater depths by auaching
additional hollow-auger sections 1o the top of the previously
advanced hollow-auger column assembly.

Note Y— Cuttings are removed periodically from around the top of the
auger column. Soil curiings above the ground water may be represemtative
of deposits being penetrated if proper cuttings-retum rates are maintained.
Cuttings from below the ground water surface are likely to be mixed from
varying formations in the hole and are usually not representative of
deposits at the end of the suger if cuttings are sampied for classification
(see Practice I 2488) and selation 10 lithology report and document the
intervals sampled. If dnlling is performed in comaminated soil and

Cenler r’ra

rod Hollow—
J stem

B ouger
< |f P

cutitngs control 5 vequired, dnlbing through a hole in a sheet of phywood
of similar material held secwely above the borehole by the stabilizing
Jacks of the driil ng will usually Tacilitate cutiings control. Containment
and disposal of contauminated and potentiaily comaminated drilling fluids
andd associated custings should be in accordance with applicable regula-
Trons,

6.5 When driliing must progress through matenial suspected
of being conmamnated, installation of single or mulliple
{nested) casings may be required 1o isolate zones of suspected
contamination. Install 1solation casings in a predrilled borchole
or by using a casing advancement method. However, when
attempiing to auger inside the casing, the column of cutlings
retum may cause the augers to bind in the casing. Then install
a grout seal usually by applymg the grout at the bottom of the
anmtus with the ard of a tremie pipe, and a grout shoe or a
growut packer. Allow the grout 10 set before drilling activities are
continued.

7. Instalation of Menitoring Devices

7.1 Subsurface water-quality monitoring devices are gener-
ally installed using hollow-stem aupers following the three-
step procedure shown in Fig. 2. The three steps are: {/) drilling,
with or without sampling. (2) removal ef the pilot assembly, if
being used, and insertion of the monitoring device, and (3)
incremental removal of the hollow-auger column as comple-
tion materials such as filter pack, annular seals, and backfill are
mstalled as required.

Nore 10-—Removal of the pilot assembly following ar wcrement of
Anlhing or prior 1o instatlatton of 3 monitoring device should be perfopned
<o that the entrance of materiat into the bottony of the hoilowauges stem
is minimized. The cfficacy of pilot assembly removal wili depend upon
several principal factors: (F) the character of the soi] af the augers head, (2)
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FIG. 2 Sketch Showing Basic Three-Step Procedura for Installation of Subsurface Water-Quality Monitoring Device Using the Holtow-

Stem Auger Drilling Method
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the water itvels inside and outside the unger prior to removal of the pilot
assernbly, (3) the type of pilot assembly used (special designs of pilot
assemblies can be used to reduce the suction effect of removing the pilot
bit), md ( 4) the speed of removal. As drilling progresses in sarurated,
pranular materials, i usually becomes progressively wore difficult to
maintain the siability of the material below the auger colurmn because of
unbalanced hydraulic heads. The stability of the matenal below the auger
head may be enhanced by using special pilot assemblies o5 injecling water
of known chemistry into the hollow auger during drilling. The injection of
water into a borehole usually requires consideration and documentation of
the effccrs of injected water on (1) quakity of subsequent chemical
analyses of sampled water, snd (2} the possible addition of moisture of
comaminants 10 sampled matenials.

7.1.1 I materials enter the bottom of the suger hollow stem
during removal of the pilot assembly, remove it with a bailer,
drive sampler, or other device.

Nott. 11--1f heaving occurs, the amount of matcrial entering the
hollow stem auger column should be documented. The effective use of a
batler may require the addition of a fluid 10 the auger stem.

7.1.2 Il sampling or in situ testing is not required duning
drilling for installation of a8 monitoring device, advance the
boring (for some geologic conditions) by using an expendable
kneockout plate or plug of known chemistry instead of a pilot
assembly.

Nere 12—Knockout plates or plugs usually remain in the ground close
10 the monitoring device. Therefore, the material components for knock-
aut plates or plugs should be selected based on their possible effects on
subriequent measurements or analyses and the infurmation documented. It
may be necessary to fill or partially ill the auger stem with water of
known chiemistry to prevent blow-in, piping, or sanding in at the time of
thz plate or plup removal. Refer to Note 7 for consulerabions regarding
adding water to the hollow.auger stem.

7.1.3 Use an auper head with an integral, hinged aperture
cover to deter entrance of matenals into the auger stem,

7.2 Assemble water-guality monitoring devices, with ai-
wched fhnd conductors (risers), and suspend in tension prior to
placemnent of filter pack and during placement of filter pack in
Ihe borebole (with the least possible addition of contaminanis;.

7.2.1 Some materials, such as screens and risers, may
require cleaning or decontaminaiion, or both, at the job site
(sce Practice D 5088).

7.2.2 Pnior 10 installation, store all monitoring device mate-
rals under cover and place upwind and well away from the
dnll rig 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, pranules and
chips, and grouts and install o specific subsurface monitoring
requiremnents. The thickness of the emplaced materials and
extension of the matenals above the top of the screen should be
sulficient to adequately seai the well and monitoring device(s)
against comamination 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 smal! 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 1o calculaled volumes of matcrial 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. I
filter material bridges within the hollow auger-riser annulus
during installation, use tamping rods or other tamping devices
to dislodge the bridge.

Note 13 --Filter packs for monitoring devices installed in a saturated
zone are typically selectzd on the basis of the gram size charactenstics of
ihe hydrologic unit adjacent 1o the screened intake {screen size should be
less than the grain size of the formation adjacent to the screened intake).
Filter-pack material is often insericd from above ground surface within the
anmulus of the hollow auger and the riser and ts distrnbuted by gravity
around the screened intake. Filter-pack material with a umformity
cocflicient of less than 2.5 is ordinanly selected to mininnze in-place
segrepation of grain sizes. For some circumsiances, such 2s installations
under water in uniform, fine to very fine sand soils. the filter should be
installed with a tremie pipc lo minimize scgregation of particle sizes.
Filter packs for vadose-zone monitonng devices may be predominantly
silt sized. These filtler matenials are often mixed with water of known
guality, inserted through a tremic pipe, and tamped into place around the
device.

Note 14 Effective installation of the tiher pack, the seai above the
filler pack, and the prowt above the scal may be difficult 10 achieve,
Censideration should be given to allow for sufficient apnufar space
between the monitonng 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 water of known
chemistry into the hollow-auger annulus either befose or during incremen-
tal pull-back of the auger column, Enough water should be injected 10 both
fill the space previously occupied by the auper flights and tv maintain o
shightly increase the head within the auger-holtow stem. This additional
head within the auger-hollow stem provides an outward seepage force on
the wall of the borchole as the augers are retracted. The additional head
deters caving prior to installation of filter or seal materials. Approximate
volumes of water used and water losses should be documenied.

7.4 Usually place sealing materials consisting of either
bentonite pellets, chips, or granules directly above the filier
nack.

Note 15-h may be effective, when pranulas filters are used, 10 install
a thin, fine sand, secondary filter either below the annular seal or both
above and below the seal. These secondary filters are installed to protect
the monitoring device, primary filter pack, and seal fsom intrusion of grout
installed above the seal.

Note 16—A ncasured volume of water of known chemistry is often
placed in the anpulus on 1op of a dry bentonile seal to initiate hydration;
however, hydration of a seal may require from & to 24 h.

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

Notve )7—Grouts should be designed and installed in consideration of
the ambient hydrogeolegic conditions. The constituents should be selected
angd documented according to specific performance requirements. Typical
Brout mixtures are given in Practice I 5092 and Test Method D 4428.

Nore 18-—Grouting equipment and pipes should be cleaned and decon-
taminated according to Practice D 5088 prior lo use and should be
constructed of matenals that do not “leach™ significant amounts of
contaminants to the prout.

7.5.1 When a tremie pipe is used, control its initial position
and grouting pressures to prevent materiols from being jetted
into underlying seal{s) and filter(s) (use of a tremie pipe having
a plugged botiom and side-discharge ports should be consid-
ered to minimize bottom-jetting problems).
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7.5.2 After placement of the initial 1.5 o0 3 m (5 to JO fiy of
grout above the underlying filter or seal, discharge additional
grout at 2 depth of about 1.5 to 3 m below the grout surface.

Note 19—The need for chemical analysis of samples of each growm
component and the final mixture should be considered and documented.

7.5.3 Instail the grout from the bottom of the borehole 10 the
top of the borehole so as to displace fluids in the borehole.

8. Development

8.1 Most monitoring device installalions should be devel-
oped 1o remove suspended solids from disturbance of geologic
malerials during installation and to improve the hydraulic
characteristics of the fiter 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.

Nute 20—Under most circumstances, development should be initiated
as soon as possible following grouting and well completion operations.
For suggested well-development methods and techniques, the user is
referred to Test Method D 5099 However, time should be allowed for
setting of grout.

9. Fijcld Report and Project Control

9.1 The field repont should tnclude information recom-
mended under Guide D 5434, and identified as necessary and
pestinent to the needs of the exploration program.

9.2 Other information in addition to Guide D 5434 shonld
be considered if deemed appropriate and necessary to the

reguirements of the exploration program. Additional informa-
tion should be considered as follows:

9.2.1 Drilling Methods:

9.2.1.1 Description of the 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 cuttings retum. including quantities,
and

9.2.1.4 Descriptions of drilling conditions related to rotation
rates, and general ease of dnlling as related to subsurface
materials encountered.

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

9.2.3 /n Situ Testing:

9.2.3.1 For devices inseried below the bottom of the bore-
hole, document the depths below the bottom of the hole and
any unusual conditions during testing, and

6.2.3.2 Yor devices testing or scating at 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 matenial placernent or unusual
OCCuITENCES.
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Sampling Ground-Water Monitoring Wells
This standard ss issued under the fixed designation D 4438, the number immediatcly following ihe designanon andicates the yeor of
onginal adoption or, in the case uf revision, the vear of last revision A number in parcatheses indicates the yzar of Jagt seapproval. A
superscript epsilon (€} indicates an editorial change since the last revision or reapproval.

1. Scope

1.t this guide covers sampling equipment and procedures
and “in the field” preservation, and il does not include well
location, depth, well development, design and construction,
screening, or analytical procedures that also have a significant
bearing on sampling results. This guide is imiended to assist o
knowledgeable professional in the selection of equipment for
obtaining representative samples from ground-water monilor-
ing wells that are compatible with the formations being
sampled. the site hydrogeology, and the end use of the data.

1.2 This guide is only intended to provide a review of many
of the most commonly used methods for collecting ground-
water quality samples from monitoring wells and 15 not
intended to serve as a ground-water monitoring plan for any
specific application. Because of the large and ever incrzasing
number of options available, no single guide can be viewed as
comprehensive. The praciitiener must make every effort 10
ensure that the methods used, whether or not they are ad-
dressed in this guide, are adequate to satisfy the monitoring
objectives at each site.

1.3 The values stated in Sl 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 all of the
safery problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-

priate safety and health praciices and determine the applica-
bility of regulatory limitations prior 1o use.

2. Referenced Documents

2.1 ASTM S:andards:

D 4750 Test Method for Determining Subsurface Liquid
Levels in a Borehole or Monitonng Well {Observation
Well)?

D 5088 Practice for Decontamination of Field Equipment
Used at Nonradioactlive Waste Sites?

D 5792 Practice for Generation of Environmental Data
Related 10 Waste Managemen Activities: Development of

*This guide is undes ihe jurisdiction of ASTM Commitice B34 on Waste
Management and is the direct responsibility of Subcomminee D34.01 on Sampling
and Monttoring.

Cwrrent cdition approved Aug. 10, 2001. Published November 2001, Originally
published a3 D 4448-85. Last previous edition D 4148852 (1992),

* Annual Book of ASTM Standards, Vol 04.08.

Data Quality Objectives®

D 5903 Guide for Planning and Prepaning a Ground-Water
Sampling Event”

I 6089 Guide for Documenting a Ground-Water Sampling
Event?

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

D 6517 Guide for Field Preservation of Ground-Water
Samples®

2.2 EPA Standards:

EPA Method 90204

EPA Methed 9022

3. Terminology

3.1 Defnitions:

3.1 low-flow sampling—a ground water sampling tech-
nique where the purpe and sampling rates do not result in
significant changes in formation scepage velocity.

3.1.2 minimal purge sampling~-the collection of ground
water that 15 representative of the formmation by purging only
the volume of water comained by the samplmg equipment (that
1s, 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 to
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 o field
monitoring parameters that include but are not limited to pH,
specific conductance, dissolved oxygen, oxidation-reduction
potential, temperature, and turbidity that are used ta monitor
the completeness of purging.

4. Summary of Guide

4.1 The equipment and procedures vsed for sampling a
monitonng well depend on many factors. These include, but
are not hmited to: the design and construction of the weli, rate
of ground-water flow, and the chemical species of interest.
Sampling procedures may be differemt if analyses for irace
organics, volatiles, oxidizable species, or trace metals are

* Annual Bock of ASTM Standonds, Vol 11.04,
* Annual Book of ASTM Standards, Vol 04.09.

Copyright @ ASTM Intemational, 100 Ban Harpor Drive, PO Box C700, West Conshohprken, PA 13428-2959, United Siates,
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needed. This guide considers ail of these factors by discussing
equipment and procedure options at each siage 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 protocols
etiminate the first step.

4.2 The sampling must be well planned and all sample
containers must be prepared prior to gomy to the field. These
procedures should be incorporated in the approved work plan
that showld accompany the sampling crew so that they nay
refer to it for guidance on sampling procedures and analytes 1o
be sampled (see Guide D 5903).

4.3 Monitoring wells must be either purged to remove
stagnant water in the well casing or steps must be taken to
ensure that only water meeting the DQOs and the work plan
objectives is withdrawn during sampling {(see Practice D 5792).
When well purging is performed, it s accomplished by either
remmoving a predetenmined pumber of well volumes or by the
removal of ground water until stable water qualny parameters
have been obtained. ldeully this purging is performed with
minimal well drawdown and minimal muxing of the formation
water with the stagnant water above the screened interval in the
casing. Passive sampling and the mirimal purge methods do
not attempt to purge the water present in the monituring well
prior to sampling {(1).° The minimal purge method attempts to
purge only the sampling equipment. Each of these methods is
discussed tn greater detail in Section 6.

4.4 The types of chemical species that are 10 be sampled as
well as the reperting Jimits are prime factors for selecting
sampling devices (2, 3). The sampling device and oll matenals
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 Scenon 8.

4.5 The method of sample collection can vary with the
paraimeters of interest. The ideal sampling scheme employs a
comnpletely inert material, does not subject the sample lo
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 oblainable, compromises must be made
by the knowledgeable individual designing the sampling pro-
gram. These concerns should be documented in the data quality
objectives (DQ0s) of the sampling plan (see Practice D 5792)
).

4.6 The degree and type of effort and care thal goes into a
sampling program is always dependent on the chemicals of
concern and their reporting levels as documented in the
project’s DQOs. As the reporting level of the chemical species
of analytical interest decreases, the precantions 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 1o 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 parcntheses refer to a list of references ar the end of
this guide.

)

ing monitoring well sampling, including considerations for
race orgamics, 1s avatlable 1o provide additional guidance.

4.7 Care must be waken not 1o contaminate samples or
moenitoring wells. All samples, sampling devices, and contain-
ers muast be protected from possible sources of contamination
when not in use. Water level measurements should be made
according 1o Test Method D 4750 before placing, purging, or
sampling equipment in the well. Redox potential, turbidity, pH,
specific conductance, DO {dissolved oxvgen). and temperature
meastrements should ail 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-through cells are
available that are capable of continuwously monitoring these
parameters during purging if they are being used as water
quality indicator parameters. These devices prevent the mixing
ol'oxygen with the sample and provide a means of determining
when the parameters have stabilized. Certain measurements
that are used as indicators of bielogical activity, such as ferrous
iron, nitrite, and sulfite, may alsa be conducted in the f(ield
sinee they rapidly oxidize. All temperature measurements niust
be done prioy to any signtficant atmospheric exposuse.

5. Significance apd Use

5.1 The quality of ground water has become an issue of
national concern. Ground-water monitoring wells are one of
the mure ioportant (ools for evaluating the quality of ground
water, delineating contamination plumes, and establishing the
integrity of hazardous material munagement facilities.

5.2 The geal in sampling ground-water monitoring wells is
to obtain samples that meet the DQOs. This guide discusses the
advantages and disadvantages of various well sampling meth-
ods, equipment, und sainple preservation techniques. ltreviews
the variables that need 10 be considered in developing a valid
sampling plan.

6. Well Purging

6.} Water that stands within a monitoring well for a long
period of time may become unrepresentative of formation
water because chemical or biochemical change may slter water
quality or because the formation water quality may change
over time (see Guide D 6452). Even if it is unchanged from the
time it entered the well. the stagnant water may not be
representative of formation water at the time of sampling.
There are two appreaches 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. The approach most often applied is to purge a
sufficient volurne of standing water from the casing, along with
sufficient formation water to ensure that the water being
withdrawn at the tisne of sampling is representative of the
formation water. Typically, three to five well volumes are used.
An aliernative methed that is gaining acceptance is 1o minimize
purging and to conduct purging at a low flow rate or to
eliminate purging entirely.

6.2 In any purging approach, a withdrawa! rate that mini-
mizes drawdown while satisfying time constraints shouid be
used. Excessive drawdown dJistorts the natura) flow patlerns
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aruund the well. Two potential negative etlects ure the ntro-
duction of ground water that 1s not representdtive of waier
quality immediaely around the monitoring well and artificially
high velocities entening the well resulting m elevated wrbidity
and analytical data that reflects the absorption of comaminanis
1 physica} parvicles sather than soluble ceoncentrations in
grouad water. It may also result in cascading waer from the
top of the screen that can result 1n changes in dissolved gasses,
redoa state, and uwlumately affect the concentration of ihe
analvies of interest through the oxidation of dissolved mietals
and passible loss of volatile organic compeunds { VOCs). There
may also be a hingering effect on the dissolved gas Jevels and
redox state from air being mtroduced and trapped m the
sandpack., o no wmstance shall a well be porped drv. If
availuble. the field notes or purpe lops penerated during
previous sampling or devetopment of the well as well as
construction logs should be reviewed 10 assist in the selection
of the most appropnate samphng method.

6.3 The most often applied purging method has an ubjective
to rerhove o predetennined volume of stagnant water from the
casing priot 10 sampling, The volume of stagnant water can
either be defined us the volume of water contmned within the
casing and screen, or w nclude the well sereen and any gravel
pack if natural flow through these is decmed msufficient 1o

eep them flushed ous. Research with a tracer in a full scale
mode} 2-in. polyviny] chloride (PYVC) well (6) indicates that
pumping 5 1o 10 thnres the volume of the well via an inlet near
the free water surface 15 sufficient 1o remove all the stagnant
water i the casing. This approach (with Lhree 1o five casing
volumes purged) was suggested by the U.S EPA (7).

6.4 In deep or large diameter wells having a volume of
water so farge 25 10 make removal of all the warer nnpractical.
it may be feasible to Jower a puinp ot pump miet 1o sume puist
well below the water surface, purge only the volume below that
point then withdraw the sample from a deeper level. Research
indicates this approach should aveid mosi contamination
assoctated with stagnant water (6, 8). Scaling the casing above
the purge poimt with a packer may make this approach more
dependable by preventing migration of stagnant waier from
above. But the packer must he above the top of the screened
2one, or stagnant water from above the packer may flow into
the purged zone through the well's gravel‘sand pack.

6.5 An alternate method is based on research by Barcelona,
Wehnnann, and Varlien (1) and Puls and Powell (2). Their
research supgests thal purping at rates less than ) Limin
{approximately 0.25 galimin) provides more reproducible
VOUCs and metals analytical resulis thap purging at high rutes.
This method is based on the premise that at very Jow pumping
rates, there is little mixing of the water column and laminar
yround-water flow through the screen provides a more consis-
tent sample. This sampling method also produces less 1wrbid
samples that may eliminate the need for filtration when
collecting metals. This method is commeoenly referred 1o as
low-flow sampling.

6.6 The low-flow sampling approach is most applicable to
wells capable of sustaining a yield approximately equal 1o the
pumping rate, A monitoring well with a very fow yield may not
be applicuble to this technique since it may be difficult to

reduce the pumping rate sufficiently to preveat maxing of the
water column u the well casing 1n such a well. The water fevel
i the well being samipled should be continuousty moniored
usiag an clecironic water-level indicator dunng Jow-flow
sampling. Such o water-level indicator could be set below the
water surface ofter sufficient water has been withdrawn 1o Al
the pump, whing. and flow cell. The water-level indicator
would then produce a continuous signal indicating submersion.
When the we!l 15 purged, if the water level falls befow the
water-level mdicator probe, the signal indicates that the water
level has faller: below the maximum allowable drawdown and
the pumping rate should be decreased. Pumping js started at
approxinately 100 mL/min discharge rate and graduaslly ad-
Justed to match the well’s recharge rate. The selection of the
type of pump is dependent on site-specific conditions and
DQOs. The bladder pump design 15 most commonly used in
this sumphne method, however, the depth himitation of this
pump may neeessitate the use of a gas-driven piston pump in
Some Instances.

6.7 A variation on the above purgmg approaches is 1o
monior one or more mdicator paramerers until stabilization of
the selected parameter(s) has been achieved. Stabilization is
congidered avhieved when measurements are within a pre-
defined range. This range has been suggested 10 be approxi-
matzly 10 % over two successive measurernents made 3 min
apart by the U.S. FPA (4). More recent documents {9) have
suggested ranges =0.2°C for temperature, *0.§ standard wnits
for pH. 23 "» for specific conductance, =10 % for DO, and
=10 mV for redox potential. A disadvantage of the stabiliza-
tion approach is that there is no assurance in all situations that
the stabslized parameters represent formation water. These
enteria should therefore be set on a site by site basis since if set
iwu slrigei, fargs vshumes @ somaminated purge water may
be generated without ensuring that the samples are any more
representative. In s low yielding formation, this could result in
the well being emptied before the parameters stabilize. Also, if
significant drawdown has occurred, water from some distance
away may be pulled into the screen causing a steady parameter
reading bul not a representanive reading. If these critena are
properly selected, the volume of investigative derived waste
water may be reduced.

6.8 The indicator parameters that may be monnored include
pll, temperature, specific conduciance, turbidity, redox poten-
tizl, and DO, A combination of a pump and ficld meter(s) or
sondes equpped with a flow-through cell is 1deal for this
purpose since 1t allows the monitoring of one or mare of these
paramelers ot o continvous basis without exposure to the
atmospherc. A typical flow-through celf 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 penstallic or
bladder pump. If » submersible pump is used. the hydravlic
pressure developed in the flow-through cell may be sufficient 1o
force the probes out of their position. This problem may be
eliminated by installing a tee connecior in the discharge line to
aliow only a portion of the flow to enter the How-through cell.
Another concern with the Jow-flow sampling method is sorp-
tion onto the wbing. Studies have indicated that at flow rates of
0.1 L/min (0.026 galimin}, low-density polyethylene (LDPE)
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FIG. 1 Flow-Through Cell

and plasticized polypropylene tubings are prone to sorpbon and
TFE-fluorocarbon should be used. This 1s cspeciatly @ concemn
i tubing lengths of 35 m (S0 ft) or longer are used (10).

6.9 Gibb and Schuller {11} have described a ime-drawdewn
approach using knowledge of the well hydraulics to predict 1he
percentage of stagnant water entering a pump inlet near the top
of the screen at any time after flushing begins. Samples are
collected when the percentage is acceptably low. As before, the
advantage js thal well volume has no direct eflect on the
duration of pumping. A cumrent knowledge of the well's
hydraulic characteristics is necessary to employ this approach,
Downward migration of stagnant water due to efferis other
than drawdown (for example, densiy differences) 1s not
accounted for in this approach.

6.10 An altemnative to purging a well before sampling is to
caliect a wzrter sample withip the scresned zops withou
purging. These techniques are based on studies 1bat under
certain conditions, natural ground-water flow is laminar and
horizontal with {ittle or no mixing within the well screen (12,
13). To properly use these sampling techniques, a water sample
must be collected within the screened interval with littie 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 fess than
0.1 L/min, discrete depth sampling using a bailer that allows
ground water entry at a controlled depth, (for example,
diffevential pressure bailer (14)), or diffusion sampling. These
sampling techniques are discussed in 8.1.10.

7. Dlaterials and Manufacture

7.1 The choice of materials used in the construction of
sampling devices should be based upon knowledge of what
compounds may be present in the sampling enviropment and
how the sample matenals 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 (NAPL) should also be a vonsideratiom since ils presence

/ / INLET CHECK VALVE
GROUND WATER FLOW WHILE
/ — 7 L OWERING INTO THE WELL

FIG. 2 Single Check Valve Bailer

weuld expose the sampling equipment to high concentrations
of potential solvents. No one materiol is ideal in that each
rratergl will e snime deeree absorh or leach chemieals or may
degrade on exposure W a chemical.

7.2 The advantages and disadvantages of these materials for
sampling equipmeni are summanzed in Table 1.

7.3 PVC:

7.3.1 1f adhesives are avoided, PVC is acceptable in many
cases although their use may sull lead 10 some problems if
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
stahthzer added 1o 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 are PVC solvents are a primary concermn.
Potential NAPLs that are of a concern for PVC and other
commonly used plastics are listed in Table 2. Degradation of
these materials is primarily by solvation, which is the penetra-
ton of the material by 1he solvent that ultimately causes
softening and swelling that can lead to failure. Even in Jower
concentrations. however, PVC solvents may deteriorate PVC.
Methylene chloride, which is a very effective PVC solvent, will
soften PVC at one tenth 11s solubility limit while trichlorceth-
vlene, which is a Jess effective solvent. will begm to soften
PV at six tenths its solubility himit (17).

-— am A ae, o A S dh A @ a a a
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FIG. 3 Double Check Vatve Bailer

7.4 TFE-Fhwrovarbon Resins:

7.4.) TFE-fuorocarbon resins are highly inert and have
sufficient mechanical strength o permit tabrication of sampling
devices. Molded panis are exposed to high temperature during
fabrication that destroys anry organic contamimants. The evo-
lution of fluorinated compuunds can occur durng fabrication,
will cease vapidly, and does not occur afierwards unless the
resin is heated to its melting point. Relative to PVC and
stainless steel, TFE-fluorocarbon s less sorptive of cations
(18).

7.4.2 Exttuded TFE-Nuorecarbon tubing may conlain sar-
face races of un organic solvent extrusion aid. This can be
removed easily by the fabricator and, once removed by
flushing, shou!d not atfect the sample. TFE-fluorocarbon flu-
ormated ethylene propylene (FEP) and TFE-fluorocarbon per-
fluoroalkoxy (PFA) resins do not require this extrusion aid and
may be suitable for sample tubing as well. Unsintered thread-
sealant tape of TFE-fuorocarbon is available in an “oxygen
service” grade and contains no extrusion aid and lubricant.

1.5 Glass and Stainless Steel:

7.5.1 Glass and stainless steel are two other materials
generally considered inert in aqueous environmenis. Glass is
generally not used. however, because of difficuities in handling
and fabrication. Stainless steel is strong and easily machined 10
fabricate equipment. It is, however, not tetally immune to
corrosion that could relcase metallic contaminants (see Table
1). Stainless steel coniains various alloying mezals, some of

these (that is, Nickeld may catalyze reactions. The alloyed
constituents of soine stainless steels can be solubilized by the
piiing action of nenoxidizing anions such as chlonde, fluornde.
and in some insiances sulfate, over a range of pll conditions.
Aluminum. titantum, polyethviene, and other corrosion resis-
tant materials have been proposed by some as acceptable
matertals, depending on ground-water quahity and the constite-
ents of interest,

7.5.2 Where temporanly instalied samphng equipment is
used. the sampling device that is chosen should be able 10 be
cleaned of trace vrganics, and must be cleaned between each
monitoring well use to avoid cross-contamination of weils und
samples. Decontamination of equipment PVC and stanless
siee] constructed sampling equipment exposed 10 organic
chemnicals, pesticides or nitroaromatic compounds generaily
can be successfully accomplished wsing a hot detergent solu-
tion followed by a hot water rinse. Equipment constructed of
LDPE and TFE-fuorocarbon should also be hot air dried or
oven dried ot approximately 1035°C 1o remove residual pesti-
cides and organic contaminants. respectively (19, 20). A
common method to venfy that the device is “‘clean” and
acceptable 15 to analyze a sample (equipment blank) that has
heen svaked in or passed through the sampling device, or both,
o check for the background levels that may result from the
samphing matenals or from field conditions. Thus, all sam-
plings for 1race wotenals should be accompanied by samples
that represent the sampling equipment blank, in addition 10
other blanks (field blank and trip blank). Deconlamination
procedures are further discussed in Practice D 5088,

7.6 Additional samples are often collected in the field and
spiked (spiked-field samples) in otder to venfy that the sample
handling procedures are valid. The American Chemical Seci-
ety’s comn:liee on environmental improvement has published
puidehines for data acquisition and data evaluation. which
should be useful in such environmental evaluations (21).

8. Sampling Equipment

8.1 The choice of sampling technique must be based on an
understanding of the hydrogeology of the site under investiga-
tion and the end use of the data. Since each technigue has its
advantages and disadvantages, no one technique can be chosen
as the best overall technique. Since different techniques will
likely vield different results, 1t 1s best to be consisient throegh-
out an investigatian to facilitate the cornparison of data values
over ume. There 15 a farrly large choice of equipment presently
available Tur ground-water sampling. The sampling devices
can be categorized into the following nine basic types as
described i the following sections:

8.1.1 Down-Hole Coilection Devices:

8.1.1.1 Bailers, messenger bailers, or thief (22, 23) are
examples of down-hule cobection devices. They are not
praciical for removal of large volumes of water but are
relatively inexpensive permitting their dedicated use and are
widely used. These devices can be cosmstructed in various
shapes and sizes from a variety of matenals. They do not
subject the sample to pressure extremes.

8.1.1.2 A schematic of a sinple check valve unit is iHus-
trated i Fig. 2. The bailer snay be threaded in the middle so
that additional lengths of blank casing may be added o
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TABLE 1 Material Considerations tn Selection Of Sampling Equipment {76)

Matenal

Consideratons

Polyletralyorcethylene

Peiyvirvichiotide

= Virgin PTFE reagily sorbs some organic solnss (17)
< Weat malerial in COMOSIVE ervirpamenrts whers InGrganic CCMpeuncs are of ineres!

- Usetui where pure product (organic comanunc) of high concentratiors of PYC solvents exist

» Potential strvctural problems because of its iow tensile and compressive strengths low west resistance. and the
cxtreme flexibilily of \he casing string as compared to otrer engineeting plastcs {40, 7D, 71)

- Potenual probtems with obtaining a sea! between the rasing and the annusar sealant because of PTFEs law
coefhient of friction and antistick propertes as compared 13 other plashics (71)

» Maximum strag length of 2+in (-5-cmj diameter scheoule PTFE casing shoultt nat exceed about 375 0 (~115 m)
(72)

- Expersive

» Leacring of compounds ef tin or anlimony. wrick are cantained in original heat siabilizers durng polymer
formulntion, could ocour aller long exposure

+ When used in conjunclion with glued joinls, leazhing of volatile organir. compoands from PYC primer and giues,
such as THF {tetrahydrofuran}, MEX {methyleihylketore), MIBK (methyiisobutytketonc) and cycohexanone could
leach inlo ground water Thereftwe, threaded joints below the watar table, seatec with O-nings or Teflon lape. are
preferred

- Cannal be used where pufe product or high zoncentrations of a PYC solvent ex:st

- Tnere is conflicling dafa regarding the res.slance of PVC to deteriorabion in e presence of yascline (73}

- Maximum string length of 2-in (~5-cm) diameter treaded PVC casing shou'd not exceed 2000 % (~61C m) (72)

» PVC can warp and melt if neal cement icerment a=d waler) is used as an arnular of surface seal because of

reat of hydrahon (74, 40)

+ PVC can volatiize CFCs into 1he atmosphere: within the ursaturated zone, wnich can be a potentiail probiem for
studies of gas and moislure transpoart thiough the unsaturaled zone
- Easy lo cut. assemble, and place in the borenole

- Inexpensive

Stairless steei - Generally has high corrosion resistance, wb.cn diflers wih fype
« Corrosion can occur under acidic and oxid'z rg condilions
-« Corrosion products ate mastly iron compourtads, wilh some frace elemen!s

- Primarily two common types:

{1} Type 304 Staruess Steel lon alloyed with the following etements (percentages). Chromium {18-20 %),
Nickel (8-11 %). Manganese (2 %), Sitcon t0.75 %}, Carbon (0.08 %). Phosphorus {0.04 %), Sulfur {Q.03 %}

(2) SS 316: tron alloyed with \he following wlements (in percertages): Chramium (16-18 %), Nickel {11-13 %),
Manganese (2 %). Molybdenum (2-3 %). Silicnn (0.75 %), Carbon (0.08 %), Phosphorus {0.04 %), SuMur {(0.03 %)
- Corrosion resistance is good for Type 304 siainless siee! under aerobic condilions. Type 336 stainless steet has
imaroved corfosion resislance over Type 304 uncer reducing canditions (75)

» Expensive

Galvanized stesl
staes ertry)

* Less cofrosion 7esistance than stainless steel and more resistance o corros:on than carbon steet (see Carbon

» Onide coating could dissolve under chemically redured conditions and relesse xinc and cadmium, and raise pH
- Weathered o correded suraces otesert acrve adso-ption sites for orgaric and 1orgaric CorstiLents

« lheapensive

Carbon siee! + Conosion products can occur {for example, iron and manganese oxides. metal sulfides, and dissotved metal

species)

« Sorplion of organic compounds onta metal corrasion products is possible
- Weathered surfaces presenl active adsorption sites for organic and inomgaric constituents

- Inexpensive

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

8.1.1.3 In operation, the single check valve batler is pemtly
lowered into the well to a 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 1.4 to 2.0 so
that the ball almost sits on the check valve seat during chamber
filling. Upon bailer withdrawal, the ball will immediately seat
without sample Joss through the check valve.

8.1.1.4 A double check valve bailer altows point source
sampling at a specific depth (25, 26). The double check valve
bailer is also effective at collecting dense, non-agqueous phase
liguid (DNAPL) from the botiom of a monitoring well. An
example is shown in Fig. 3. In this double check valve design,
water flows thiough the sample chamber as the unit 1s lowered.

A venturi tapered inlet and outlet ensores that water passes
through the unit with limited restnction. 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
1s maintained by a pin that blocks vertical movement of the
check ball, both check valves close simultanecously uvpop
retrieval. A drainage pin is placed into the bottom of the bailer
to drain the sample directly into a collection vesse! 1o reduce
the possibility of air oxidation.

¥.1.1.5 Arop-filling bailer is a closed boltom tubular device,
opened op 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 1op. Althoogh this variation on the bailer design
results 1n greater agitation of the sample, it may be used to
collect a sample of light, non-aqueous phase liquid (LNAPL)
by lowening it just below the surface of the LNAPL and
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TABLE 2 Chemical Compatibility Table For Selected NAPL (78}

FTFE tTelion) PP (Polypropylenp)

Criemical

PVC {Type 1) PVC (Type 1)

Beazere x
Carpon Tetrachiorde
D:chlorooenzene
Dichioroethane (DCA)

O chiorocthylene (DCEY
Diesel Fuel

Ethyl Benzens

Gasoline

Hydrautic Ot {pelteo.)
Hydraulic Ol {synthetic}
Jdrt Fuels

Kernseng

Motor G

MNapthaiene
Tetrachio:crthylere (PGE)
TJoenre

Trichlorpethylene {TEC]
Xylenes

WD/ IXT/DDTDDDPDLIODIDN
MBACIIXTIXXKKKCTEBIXKIC

CCCoCIITBRIVIICACCCOCXL

304 Stairless 316 Stairvess Carpon Steei

§] G
v E
u
¢
u

v

oCce: O o

cCcccCcaT L
QOMMMACOTOOOMEOD -
COMAOMAOOIINOMOOGHD
SOMOB OO N

For Metals
E < 2 milis Peneiration/Year
G < 20 mills Peaekatcnivear
3 < 50 mitis Penetrahion/Year
U » 50 mills Penetraton/Year
(1 il = 0.001 in}
R = Resislant (No corrosion rate reponed)

For All Non-Metals

R = Resistant

U = Ursatistactory

X.= Conflicting Data. at least cne reference reported unsatisfactory

allowing the bailer to skim the LNAPL from the surface of the
water column.

£.1.1.6 The diflerential pressure bailer ts a sealed canister
boidy with two small diameter tubes of different heighis built
into its removable top (14). The bailer is usually constructed of
stainless steel 1o provide sufficient weight to allow it to sink
relatively gquickly 1o the desired sampiing depth. Once the
bailer’s downward progress is stopped, differeaces in hydro-
static pressure berween the two tubes allows the bailer 10 fil)
through the lower tube as air is displaced through the upper
tube. This type of bailer minimizes the exposure of the sample
to air especially if fitted with inmernal 40 mL vials for direct
sample bottle fillinp.

8.1.1.7 Special care must be taken to minimize exposing the
sample 1o the wtmosphere duping the transfer of the sample
from the batler to the sample botite. There are several ap-
proaches to overcome this issue. Bottom-emptying bailers used
for sampling of VOCs, for example, should have an insertable
sample cock or Jraft valve cock (often referred 1o as a bottom
or bailer emptying device) in or near the bottom of the sampler
atlowing withdrawal of a sample trom 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 contammating
matenals that could be carried into the well. A plastic sheet
may be spread out on the ground around the monitoring weil
for this purpese. 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 35 a concem with single check
valve and 1op filling bailers. Sample oxidation might occur

~1

during the oxtended time it takes to bail @ sampie if water levels
are a great depth below the ground surface or if there is a delay
in the transfer of the sample from the bailer to the sample
bottles. Using point source bailers, however, minimizes the
wxidation problem.

&.1.1.10 Another approach for oblaining point source
samples employs a weighted messenger or pneumatic change
10 "Irip” plugs ai either end of an open tube {for example, tube
water sampler or thiefl sampler) to close the chamber (27).
Foerst, Kemmerer, and Bacon samplers are of this variety (23,
24, 26). A number of thiel or messenger devices are avaiiable
in various materials and shapes. Differential pressure bailers
{14) aiso provide a point source sample but do not require
manual tnpping,

8.1.2 Bladder Pumps:

§.1.2.1 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 the pump.
Compressed gas either from a compressor or air cylinder is
injected into 2 bladder within the pump cavity forcing the
check valve on the inlet to close and the sample up through a
second check valve at the top of the pump and into a discharge
line (Fig. 4). Water is prevented from re-entering the bjadder
by the top check valve. The bladder is then depressurized,
allowing the pump to refill. The process is repeated 1o cycle the
water 10 the surface. Samples taken from depths of 122 m (400
1) have been reporied.

R.1.2.2 A vanety of design modifications and materials are
available (29, 30) however, TFE-fluorocarhon bladders, either
PVC, TFE-Auorocarbon resin or stainless steel bodies and
fitings are must common. An automated coniroller system is




DISCHARGE
CYCLE

AR LINE vbl

AIR ENTRANCE /

' D 4448

REFILL
CYCLE

LD DISCHARGE
LINE

—| =
“__[-“-“ -

-- TOP CHECK BALL

EXIT HOLE

AR FORCED INTO
THE SPACE BETWIEN
THE PUMP

BOOY AND THE
PuUmMP BLADODLR
SQUEEZES TRHE
LICUID IN THE
BLADDER INTO THE
£XIT/ENTRANCE
HOLES OF THE FiLL
ROD INSIDE THE
BLADDER. AS AR
PRESSURE
INCREASES THE
LIOUID 1S FCRCED UP
THE DISCHARGE LINE
AND 10O THE
SURFACE

BOTTOM CHECK BALL IS
FORCED DOWN BY THC
AR PRESSURE IN THE
PUMP SEAUING THE
PUMP INLET OFF FROM
ALLOWING ANY LIOUD TO
ENTER THE BLADDER
CHAMBER

ﬁl fuL ROD EXIT/
ENTRANCE HOLES

FiLe ROD

-‘L— BLADDER

FILL ROD EXtT/
ENTRANCE HOLE

?;—- BOTTOM CHECK BALL

PUMP INLET

I
|

AIR [INE —=

AR ENTRANCE /
EX HOLE —

Al IN PUMP VENTS
BATK UP THE AR
LINE

LIQUID DISCHARGE
LINE

TOP CHECK BALL SEATS
CUC 7O FORCE OF WATER
PRESSURE IN Thit
DISCHARGE TUBING

— TOP CHLCK BALL

| Fut ROD EXIT/
ENTRANCE HOLES

rﬁE
WITH NG AIR -
-

PRESSURE HOLOING
IT DOwWN, THE
WATER PRESSURE
PUSHES THE

Fitt ROD

po—— BLADDER

BLADDER EXPAMNDS
AS (T RZFL.S #ATH
LIQWD

| FlL ROD EXIT/
ENTRANCE HOLE

goTTOM CHECK
AL UP ALLOWING
LIQUID TO RE-ENTER
THE BLADCER
CHAMBER

FIG. 4 Squeeze Type Bladder Pump

— BOTTOM CHECK BALL

PUMP INLET




o

Ay D 4448

used to control the time between pressurization cveles and
regulate pressurc,

§.1.2.3 Bladder pumps have a distinct advantage over gas
displacernent pumps in that there is no contact with the driving
gas. Disadvantages include the Jarge gas volumes reguired, and
difficulty in decontaminating the pump. This pump design is
most applicable to dedicated well installations and where low
pump rate or flow rate {less than 0.5 L/min) are required. The
Hiow rate from a bladder pump is dependent on the dimensions
of the bladder pumnp, controller seltings, gas pressure, and total
dynarmc head.

R.1.3 Suction Lift Pumps:

8.1.3.1 Three types of suction hft pumps are the direct line,
centrifugal, and penstaltic. A major disadvantage of any
suction pump is that it is Hmited in its ability 10 raise water by
the head availabie from atmospheric pressure. The theoretical
suction limit is about 10.4 m (34 ft), but most suction pumps
are capable of maintaining a water hft of only 7.6 m (25 11)
(31).

%.1.3.2 Many suction pumps draw water through 2 volute in
which impcllers, pisions, or other devices operaie to induce o
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 to Jubricants. They often induce very low pressures
around rolating vanes or other such parts such that degassing or
potentialty cavitation snay occur. They can mix air with the
sample via small leaks in the casing, and they are difficult to
adequately clean beiween uses. Such pumps may be acceptable
for purging of wells, but should not generally be used for
sampling.

8.1.3.3 An exception to the above statements 1s a peristaliic
pump {also known as a2 rotary penistalnc pump). A peristaltic
purap is a sef-priming. low-volume suction pump that consists
ol a roter with rollers (32). Flexible wbing 15 mserted around
the pump roter and squeezed by rollers as they rotate. One end
of the tubing is placed into the well (2 weighted end may be
used) while the other is connected directly to a receiving
vessel, As the rotor moves, reduced pressure is created m the
well tuling and an increased pressure on the tube leaving the
rotor head. Pumping rates may be controlled by varying the
speed of the rotor or by changing the size of the pump head,
which contatns the pump rotor.

8.1.3.4 The peristaltic pomp moves the liquid totally within
the sample tube. No part of the pump conacts the liquid. The
sample may be degassed (cavitation is unlikely), but the
problems due 1o 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
tubing is commonly used within the peristaltic pump head, but
cther types of tubing can be used particularly for the sections
extending into the well or from the pump to the receiving
container. The National Council of the Paper Industry for Ay
and Stream Improvement (33) recommends using medical
grade silicone tubing for VOC sampling purposes as the
standard grade uses an organic vulcanizing agent which has
been shown to leach into samples. Various manufacturers offer

tubing lined with TFE-fluorocarbon or Vion® for use with their
pumps. Plasticized polypropylene tubings and LDPE should be
avoided if flow rates Jess than 0.1 Limin (0.023 pfnin) are used
{10). The extraction rate with this method can range from 0.04
to 30 L'min (0.0} 10 8 galimin) (34).

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

8.1.3.6 A direct method of collecting a swnple by suction
consisis of lowering one end of a length of plastic tubing into
the well or piczometer. The opposite end of the bing is
copnected to a two-way stopper bottle and a hand held or
mechanical vacuum pump is attached to a second lwhing
leaving (be bottle. A check valve is attached between the two
lines to maintatn a gonstant vacuum control. A sainple can then
be drawn directly into the collection vesse! without contacting
the pump mechamsm (37, 38).

8.1.3.7 A centrifugal pump can be attached to a length of
plastic tubing that is Jowered into the well. A foot valve is
usually attached 10 the end of the well tubing to assist in
priming the tube. The maximum lift is about 4.6 m (15 fi) for
such an arrangement (37, 38, 39).

8.1.3.8 Suction pump approaches offer 2 simple sample
retrieval metbod for shallow menitering wells. The direct hine
method is portable though considerable oxidation and mixing
may occur during collection. A centrifugal pump will ngnate
the sample to an cven greater degree although pumping rates of
19 1o 151 Limin (5 to 40 gal/min) can be attained. A penistaltic
pump provides a lower sampling rate with less agitation than
the other two pumps, as discussed in 8.1.3.4.

8.1.3.9 Al three systems can be specially designed so that
the water sample contacts only the TFE-fluorocarbon or
silicone tubing prior ta sample boitle eniny. Dedicated tubmg 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 ihis should be a
consideration in their appiication (34).

8.1.4 Electric Submersible Pumps:

8.14.1 A submersible pump consists of a sealed eleciric
motor that powers a piston, impeller, or helical single thread
worm. Water is brought 1o the surface through a discharge tube.
Similar pumps are commeonly used in the water well industry
and many designs exist (40).

8.1.4.2 Submersible pumps provide relatively high dis-
charge rates for water withdrawal at depihs beyond suction lifi
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 (110 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 f1). Pumping rates vary up to 53.0 L/min (14
gal/min) depending upon the depth of the total dynamic head
(42).

©Viton s 2 trademark of E. I du Pont de Nemovrs & Co., Wilmington, DE 19898
and has been found surtable for this purpose.



8.1.4.3 A submersible pump provides lgher extraction rates
than many other methods. Considerable sample agitanon
results, however, i the well and in the discharge twbe dunng
sampling. The possibility of mtroducing trace metals into the
sample from pump matenals also exists; however, submersible
pumps designed specifically for environmentat work do exist.
These pumps are constructed of relanvely inert materials such
as stainless steel, TFE-fluorocarbons and Viton. Decontamina-
tion procedures are discussed in Practice 1 5088 Recent
research, however, has suggested that steam cleaning followed
by rinsing with unchlorinated. deionized water should be used
between samplings when analysis for VOCs 1s required (43).
Complete decontamination of submersible pumps is difficult
and should be confirmed by the collection of equipment bianks.

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 wesr (o niemal
impellers and staters. These pumps also commonly reguire a
high-amperage 120/220-V power source and a reel and winch
systemn that limit their mobility. Submersible pumps may also
not be suitable for collecting lquids containing VOCs or
dissolved gasscs because of their potential to degas the smnple.

8.1.5 Guas-Lift Pumps:

8.1.5.1 Gas-1ift pumps use compressed air 10 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 serted into
the well annulus below the water (44, 45).

8.1.5.2 A simular principle is used for a unit that consists of
a small diameter plasuic wbe perforated 1n the Jower end. This
tube is placed within another tube of slightly larger diamelter.
Compressed air is injected 1nto the inner tube: the air bubbles
through the perforations, thereby hifting the water sample via
the annulus between the outer and inner tubing {45). In
practice. thz eductor line should be submerged to a depth cgual
to 60 % of the total submerged eductor length duning pumpmg
(40). A 60 % ratio is considered optimal although a 30 Y%
submergence ratio is adequate.

8.1.5.3 The source of compressed gas may be a hand pump
for depths generally less than 7.6 mm (25 {t). For greater depths,
air compressors, and pressurized air cylinders have been used.
When air compressors are used, an air-oil filter must be
installed to minimize the introduciion of o1 1o the well.

8.1.54 As already memioped, gas-lifi methods resuli in
considerable sample agitation and mixing within the well, and
cannot be used for samples which will be tested for VOCs or
dissolved gasses {for example, DO, methane). The eductor pipe
or weighted plastic tubing 1s a potential source of sample
contamination. In addition, Gibb (11) expressed concems in
sampling for inorganics. These concems were atiributed 10
changes in redox, pH, and species trunsformation due 1o
solubility constant changes resulting from stripping, oxidation,
and pressure changes.

8.1.6 Gas Displacement Pumps:

8.1.6.1 Gas displacement or gas drive pumps are distin-
guished from gas-lift pumps by the method of sample trans-
port. Gas displacement pumps force a discrete column of water
to the surface via mechanical lift without extensive mixing of
the pressurized gas and water as occurs with air-1ifi equipment.
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The prncaple 1s shown schematically in Fig. S, Water fitls the
chamber. A positive pressore is apphied 1o the pos line closing
the sampler cheek valve and forcing water up ihe sample line.
The cycle is repeated by removing the pressure, Vacuum can
also be used in conjunction with the gas {(46). The device can
be pennanently installed in the well (47, 48, 49) or lowered
into the well (50, 51).

8.1.6.2 A more compiicated two siage 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 leve! organics. Continuous flow rates
of up lo 38 Limin (10 galmin) are possible.

8.1.6.3 Gas displacement pumps offer reasonable potential
for preserving sample integrity because litlle driving gas comes
in contact with the sample as the sample is conveved to the
surface by a positive pressure. There is, bowever, a potential
loss of dissolved gasses and contamination from the driving
gas and the housing materals.

817 Gas Driven Pision Pumps:

8.1.7.1 A double piston pump powered by compressed air is
illustrated in Fig. 6. Pressunized pas enters the chamber
between the pisions; the alternating chamber pressurization
activates the pision tha ablows water entry during the suction
stroke of the piston and forces the sample to the surface during
the pressure stroke (S4). Pumping rates between 0,16 and 0.51
L:min {0.04 and 0.13 gal/min) have been reported from 30.5m
{100 f1). Depths in excess of 457 m (1500 fi) are possible.

8.1.7.2 The gos piston pump provides conlinuous sample
withdrawal at depths greater than is possible with most other
approaches. Nevertheless, contribution of trace elements from
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the stainless steel and brass i1s a potennial problem and the
quantity of gas used is significant.

8.1.8 Packer Pump Arrangement:

8.1.8.1 A packer pump arrangement provides a means by
which two expandable “packers” isclate a sampling unit
between packers within a well. Since the hydraulic or pneu-
matic achivated packers are pressed against the casing wall, the
sampling unit will obtain water samplcs 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 lift, and suction pumps can be used for
sampling. The packers are usually constructed of a rubber
compound (54-57). A packer pump ubnit consisting of a vacuum
sampier positioned between packers 15 ilJustrated 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 sitwated between the packers depending upon the
analytical specifications for sample testing. Because access 10
the interval between packers 1s blocked once the packers are
milated, the selection of sampling devices 1s limited to sam-
phing pumps. Vertical movement of water outside the well
casing during sampling is possible with packer pumps but
depends upon the pumping rate and subsequent disturbance.
Deterioration of the expandable matenals will occur with time
with the increased possibility of undesirable organic contami-
nants contributing to the water sample.

8.1.9 Mertial-Lift Pumps:

8.1.9.1 The inerial-lift pump consists of a foot valve at the
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end of a flexible tube. The wbe and oot valve is inserted into
the well with one end of the tube remaiming at the surface. The
tube 1is then rapidly moved in 2 continuous up-and-down
niotien. Each upward stroke lifts the water colunm in the
tubing a distance equal to the stroke tength. At the end of the
upstroke, the waler continues to move slightly upward by
inertia. On the down stroke, the foot valve opens allowing fresh
water o enter the wbe. This process continues resulting in a
flow te 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
drarneter wells or direct-push technology probes which are
typically 12.5 mm (%2-in.} diameter. The pumping rate ranges
from 0 to 7.6 L/min (0 to 2 gal/min) (34), depending on the rate
of the up and down pumping stroke and the tube diameter. The
equipment used n this pump is inexpensive enough 1o be
dedicated to a well with the exception of the pump handle or
moter drive that do not contact the sample.

8.1.9.3 The inertial-lift pump, however, has several disad-
vantages. 1t is difficult to operate 1n deep, large diameter wells.
Although a motor drive can overcome this limitation, the
imcorporation 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 the 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 Depth. and Passive
Sampling—Sampling techniques that do not rely on, or require
only minimal purging may be used if a particular zone within
i screened mterval 1s 1o be sampled or if a well 15 not capable
of yielding sufficient ground water for purging. These tech-
niques mclude 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 15 purged through the
pump 50 that the volume of water contzined by the pump and
discharge tube is removed before sampling. No attempt is
made to purge the casing, screen, or fonnation. This volume
shouid be minumized 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.

§.1.10.2 The discrete depth sampler is often non-dedicated.
It is lowered very slowly to the depth of the screen where a
water sample is drawn into the sampling chambes. This is
accomplished either manually by using a triggering mechanism
such as a cable or automatically such as with 2 differential
pressure bailer {14). Discrete depth samplers, however, must be
used with great caution because of the potential of mixing of
the water column in the well casing while lowering the sampler
to s sampling depth.

8.1.10.3 Passive sampling, using diffosion samplers {(a
water-filled membrane), 1s based on the principle of molecular
diffusion of VOCs from the ground water into the sampler.
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{Research is currently being conducied by the U. § Geologacal
Survey to evaluate diffusion samplers for the collection of
non-VOC parameters. however, study results have not been
published.} The sarnplers must remain m the borehole for an
adequate time for the water initially within the sampler 10
cquilibrate with that in the borehole. The diffusion sumpler
typically consists of waler-filled, low-density polyethylene
wbing, which acts as a semi-permeable membrane. The sam-
pitr 1s attached 1o a weighted hine, and lowered to a predeter-
mined depth within the screened interval. Since the sample is
depth spevific, multiple samplers may be strupg together to
provide samples from different depths within the well. After
adequate residence time has clapsed, the sampler(s) are re-
moved from the well, punciured and the sample transferred
into sample bottles. The samnples are preserved and submitted
to the laboratory for analysis. In a study of this technique, a
mimimum of 11 days was required to achieve equilibration (59,
60). Concemns about the apphcability of Uns sampling methed
to specific VOCs have been rarsed. however, no detailed
evaluation of this issue has been published. In a comparison of
samnpling techniques, samples collected by the diffusion
method were found o be biased lower than samples collected
using a low-flow method (61), however, this difference was
attnbuted to 1ssucs with the laboratory or to the depth-specific
natre of diftusion samplers.

9. Sample Containers and Preservation

5.} The order of sample contaner filling, methed of filhng.
selection of sample container type. and preservation method
should be provided in the sampling and analysis plan. Gener-
ally, the order of sample container filling should proceed from
most volatile to least volatile compound.

5.2 Complete and unequivocal preservalion of samples,
whether domestic wastewater, industrin] wastes, or natural
waters, s practically impossible. At best, preservation tech-
nigues only retard che chemical and bicloeics] changes tha
mncvitably continuve after the sample is removed from the
source. Therefore, insunng the timely analysis of a sample
should be une of the foremost constderations in the sampling
plan schedule. Methods of preservation are somewhat limned
and are intended 1o retard brological 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, immediale refrigeration jus! above freezing
(4°C in wet ice) is ofien the best preservation 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 prudent
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
botile may be included in the sample-shipping comainer for
temperature measurement by the laboratory receiving the
samples.

9.3 All bottles and containers must be specially pre-cleaned,
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
on laking field notes, measurements, and mm documenting

samples, not on labeling and orgsnizing samples. Therefore,
the sampling plan should include clear instructions to the
sampling personnel concemning the information required in the
field data record logbook {notebook), the information needed
on conptainer labels for identification, the chain-of-custody
protocols, and the methods for prepanng field blanks and
spiked samples. Examples of detailed plans and documentation
procedures have been published (23, 62, see Guide D 6089).

9.4 The exact requircments for the volumes of sample
necded and the pumber of containers 1o use may vary from
laboratory 10 laboratory. This will depend on the specific
analyses to be performed, the concentration levels of interest,
the individual laboratery protocols, and the required QC
samples. Since a well may not be capable of yielding adequale
sample volume, a minimum required sample volumne should be
provided to ihe sample crew. The manager of the sampling
program should make no assumptions about the laboratory
analyses. 11e shenld discuss the analytical requirements of the
sampling program in deiail with the Jaboratory coordinator
beforehand. This is especially the case since some analyses and
preservation measures must be performed ar ithe laboratory as
soon as possible afier the samples arrive. Thus. appropnate
arrangements must be made.

9.5 There are a number of excellent references available
which list the containers and preservation techniques appropri-
ate for water and soils {22, 23, 29, 38, 63-65). Some of this
informatton is summarized in Table X1.] and Guide D 6517,
however. different regulatory programs have specific require-
ments that must be mel.

9.6 Sample contaipers Tor VOC samples require special
cleaning and handhng considerations {66). The sample con-
tainer for purgeable organics consist of a screw-cap vial (25 w0
125 mL)} fitted with a TFE-fluorocarbon faced siicone septum,
The vial 1s sealed in the laboratory immediately after cleaning
and is only opened in the field just prior to pouring a sample
o 1. The water sample then mast be seuled into the vial
headspace free {no air bubbles) and immediately cooled (4°C)
for shipment. Mulliple samples are iaken because leakage of
contaipers may cause losses, may allow ar to enter the
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 mimimum trip blanks. Trip blanks and field spikes
should alse be considered for low level analysis.

9.7 The laboratory must analyze the pwrgeable samples
within 14 days after collection. For samples for solvent
extractions {extractable organics-base neutrals, acids, pest-
cides, herbicides), the sample botiles are narrow mouth, screw
cap quart bottles or half-galion botiles that have been pre-
cleaned. rinsed with the extracting organic solvent and oven
dried at 105°C for at least ! h. These bottles must be sealed
with TFE-fluorocarben lined caps (Note 1). Samples for
organic extraction must be extracted within 7 days and ana-
lyzed within 4¢ days afler exiraction.

Nose 1 --When collecting samples, the bottles should not be overfilled
or prerinsed with sample hefore filling because ofl and cther materials may
remain in the bonle. This can cause erroncously high results.

9.8 For a number of ground-water parameters, the most
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meaningful measurements are those made in the field ai the
time of sample collection or a1 least at an on-site faboratory.
These include the water level in the well (see Test Method
D> 4750) and parameters that can change rapidly with siorage.
A discussion of the various techmiques for measuring the water
level in the well 1s comained i1 a NCASI publicahion (67) and
detailed procedures are outhined in a .S, Geological Survey
publication {68. 69). Although 2 discussion of water level
measuring lechniques is beyond the scope of this guide. i is
Important to point out that accurate measurements must be
made cither before a well is purged or after it has had sufficient
time (o recover. Purameters that can change rapidly with
storage include pll. turbidity, redox polentab, DO, and tem-
perature. Specific conductance, although most accurately de-
termined in a laboratory setting. often is measured in the field
where 1t 15 used as an indicalor parameter to determine the
completencss of purging. For some of the other parameters. the
emphasis in ground-water monitering is on the concentration
of each specific dissolved component, not the total concentra-
tion uf each, Samples for these types of measurements should
be filtered through 0.45 um membrane fikters ideally in the field
or pnsssbly at an on-site laboralory as soon as possible.
Analyses often requinng filtered samples include metals,
radicactivity parameters, dissolved organic carbon, dissolved

orthophosphate, and total dissolved phosphorous (22, 23). 1f

metals are to be analyzed. filer the sample prior to scid
preservation. If concerns related to the loss of mobile colleidal
materis) by bliering is a consideration, sampling protocos
should be modified to imit sample turbidity during collection
so that filtenng s nol necessary. This 15 oflen done by using
very low purge and sample flow rates. For total organic carbon
{TOC). the filter material should be tested to assure that 11 does
not contribute to the TOC. The type or size of 1the fijter to be
nsed is not well determined. However. if results of metal, TOC

or other parameters that could be affected by solids are (o be
compared. the same flicring procedure must be used in each
case. Repeated analytical results should smte whether the
sumples were filtered and how they were filtered.

9.9 Shipment and receipt of samples must be coordinated
with the laboratory to minimize time in transit or weekend
delivery receipt. All samples for organic anabysis {and many
other parameters), should be maimained at 4°C (+2°C) (65)
during storage and shipping and should arvive at the Yaboratory
within one day after shipment. Sample receipt should be
verified to provide an opportunity to trace a losi shipment or 1o
resample 1f breakage oceurs during shipment.

9.10 A commonly used shipping container 1s an tnsulated
icc chest (cooler) equipped with botile dividers. An overnight
courter service is recommended, if persenal delivery service is
not practical. Care must be taken in packaging the ice so that
no leakage occurs. Such leakage may damage sample labels or,
il it escapes the sample cooler, may be misconstrued to be
hazardous liquid by the couner. Sanple paperwork, including
the chain-of-cusiody. should be enclosed in a scaled plastic bag
and taped to the inside lid of the shipping container to protect
it from water. Sample containers may be scaled in plastic bags
to protect sample labels from water damage from melting ice or
sample leakage from other bottles.

9.11 Many courier services have sirict shipping require-
ments for samples that are “hazardous.” The courier service
shovld be contacted prior to field acuivities if there 1s 3 concemn
about how o ship a sample.

10. Kevwords

10.1 diffusion sampling: ground water; low flow; Jow stress;
nunimal purge; monitenng: purge; sampling; stabilization;
well

APPENDIX

(Nonmandatory Information)

X1. SAMPLE HANDLING PROCEDURES FOR GROUND WATER MONITORING PARAMETERS

X1.1 See Table X1.1 for procedures for handling samples.
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TABLE X1.1 Sample Handling Procedures For Ground Water Monitoring Parameters (77}

Slorage Time® (witn

Parameler” Boltle Type”? Preservative Volume' Fiequlredsc‘v?r Preservation. where
Analysis, min (mt] applicable), max
Y PG None, analyze immediatefy 25 ASAP (<48 hy tor lab

for field measurernent measytement
Specific Conuuctonce PG Coot (4°C) 150 Z8 days
Alkafinity and Bicarborate PG Cool (4°C) 100 14 days
co0 PG Anglyze ASAP {248h) or 100 28 days

add H,50, to pH<2; cool

(4°C)

Ths PG Coopl (4°C) 100 7 days

TSS PG Cont {4°C) 100 7 vays
Chiaride PG MNone 50 28 days
Fluorige P None 30D 28 days
Nitrate P.G Analyze ASAP (= 484) or 100 28 deys

add H,50, 1o pH<2; conl

{4°C)
Sulfate PG Cool {4°C} 50 28 days
Ammonia PG Analyze ASAP {<4&n) or 580 28 days

add H S0, to pH<2; coot

(4°C)

Mercury PG HNO, to pH<2 10 28 days

Metals, Dissohved P.G Filter on site; HNO; 10 200 & monihs
(Incluging Ca, Mq. K, Na} pH<2?
Metals, Total PG HNQ, to pH<2 100 6 months
{Including Ca, Mg, K, Na)
Phenols PG Add H,50, pH<2, coo! 500 28 days

#°C)
Hardness P.G HMNO, to pH<2 100 6 months
Volatile Organic G, TFE-lined tap And HCL to pH<2; tool 2 % 4D mi 14 days
Compounds {VOC) {4°C)
Total Organic Carbon G. TFE-lined cap Add H,S0, or HCL 1o 40 53 davs
[ayeie)) pA<2. 2ot i4°Cy
Total Organic Hatogen Amber glass, TFE- H,S0, o pH<2 and coob 250 28 days
{TOH} lined cap (4°C) tor EPA 80204 cool

(4°C) tor EPA 9022
Turhidity P. borosilicate glass Conl (4°C) 100 48

“ P = ptastic {potyethylane or equivalem): G = Glass: G, TFE-ined cap = Giass strew-cap vials sealed with Teflon-faced sificone septa.

B Individual aboratories may reques! more than the minimum volume.
€ ASAP = As s00n as possible.
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