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Project No. 41792.01 

Environmental Job Order Contract No. N68950-00-D-0200 
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This letter provides additional information requested from Navy reviewers Chris Bartku, David 
Smith, Daniel Fleming, ·arid Carli to Luciano regarding the Relative Risk Ranking Sampling 

. .-.~~ort.s.ubmitted to the Navy-by TolTest. in December 2002. Comments from the reviewers were 
received in January 2003 via e-mail. Since January 2003~ additional information has been 
researched and collected by TolTest, Inc. to address the reviewers' concerns. This letter 
documents the changes to the report after incorporating the re~i~wers' comments and ·requests for 
·additional information. The comments and concerns raised by the reviewers have been addressed 
to the best ability _of TolTest. This letter will serve as a guide to indicate how and where the 
reviewers' comments have been addressed in the final copy of the report. Reviewers' comments 
and qUestiOns have been ~addressed· in ·no .. partiCUiar otcfer. :, ... :~~ .. 

Reviewer's comments pertaining to Figures and Tables: 

"Show locations of groundwater samples."; "Four sites are not shown on the base. map."; 
Recommend that figures show removed tank locations."; "Include a separate figure for each 
site."; "Recommend contractor recheck the quality of the figures."; "No GPS locations are 
provided. Recommend GPS locations be incorporated into the figures."; "Figure 3.0F, How can 
you determine groundwater flow direction from two wells?"; "In Table I .OA, It shows 
Chromium at 12.6 and I 1.3 ppm for a soil sample. Should the EPA ·method be shown on the 
table?" · . 

Comments have been addressed: · 

Groundwate:r: samples have been identified and· incorporated into the figures for all buildings. 
The four missing buildings from the base map have been added (Figure I .0). Figures were 

1915 N. J21
h Street; Toledo, Ohio,_43624, Phone (419) 241.7175, Fax (419) 321.6259 

Solutions for,Y our Site Development, Construction, and Environmental Projects 



I 

l 

~· 

Final Delivery Order Closure Report 
EJOC Contract No. N68950-00-D-0200, DO 0028 
LUST Relative Risk Ranking Sampling, 18 Sites, GLNTC 
April 2003 

To IT est Project No. 41792.0 I 

Page 2 

developed based upon field observations unless a historical figilre was provided by the Navy or 
was previously developed by TolTest. If no historical figures were provided for a particular site 
building, TolTest could not confirm the previous tank locations. Separate figures cannot be 
developed for each building since several buildings are located proximate to each other and the 
buildings themselves serve as a point of reference to the figure and boring locations. GPS 
locations for each building and boring location have been tabled and are presented as Table 4.0 
GPS Sample Locations. Figures 3.0F and 3.0R were incorrect and groundwater flow could not be 
determined based on the two water samples obtained. Figures 3.0F and 3.0R have been 
discarded, and the remaining figures have been corrected and rechecked for quality. EPA 
methods used in this report are presented in Section 3.0, Results. The. analytical method used for 
each parameter has been added to each Table in the footnotes. 

Reviewer's comment pertaining to the appendices: 

"Appendix A is a poor copy of information attached to the contractors Statement of Work. 
Recommend a better (color) copy be incorporated." 

Comment has been addressed: 

Appendix A included a black-and-white copy of site descriptions and histories provided by the 
. Navy in March 2001. TolTest requested a color copy of these site descriptions and histories in 
January 2003. A color copy, which was updated by the Navy in February 2003, has been 
included in Appendix A. 

Reviewer's comment pertaining to disposal documentation: 

"Page 2 refers to documentation of disposal of IDW. Where in the document is this provided?" 

Comment has been. addresse<l;: '-· 

Disposal documentation has been added as Appendix G. 

Reviewer's comment pertaining to groundwater collection procedures:. 

"Section 2.2.2 Page 10, The text indicates that the groundwater samples were collected using a 
peristaltic pump. ·This i~ not the correct method since using a peristaltic pump will artificially 
reduce any voes that may be present. The correct approach is to use a bailer. II 

Comment has been addressed: · 

The question of peristaltic pump ·use can be answered by referring to the United States 
Environmental Protection Agency (U.S. EPA), Offices of Research and Development and the . 
Solid Waste and Emergency Response document number EPA/540/S-95/504 dated April 1996. 
on "Low-Flow (Minimal Drawdown) Ground-Water Sampling Procedures." 
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According to this document, "'low-flow' refers to the velocity with which water enters the pump 
intake and that is imparted to the formation pore water in the immediate vicinity of the well 
screen. It does not necessarily refer to the flow rate of water discharged at the surface which can 
be affected by flow regulations or restrictions." 

According to the U.S. EPA document, the following procedures must be followed for low-flow 
sampling, "Isolation of the screened interval water from the overlying stagnant casing water may 
be accomplished using low-flow minimal drawdown techniques ... .If the pump intake is located 
within the screened interval, most of the water pumped will be drawn in directly from the 
formation with little mixing of casing water or disturbance to the sampling zone .... The use of 
low-flow (e.g., 0.1-0.5 L/min) pumps is suggested for purging and sampling all types of analytes. 
Bailers are inappropriate devices for low-flow sampling .... Bailers and other grab type samplers 
are ill-suited for low-flow sampling since they will cause repeated disturbance and mixing of 
stagnant water in the casing and the dynamic water in the screened interval." 

Bailers were not used to collect groundwater samples as part of this project and a low-flow 
peristaltic pump appropriate for low-flow sampling was used for sample collection. 

A copy of the "Low-Flow (Minimal Drawdown) Ground-Water Sampling Procedures" published 
by the U.S. EPA in April 1996 is attached to this letter. 

Reviewer's comment pertaining to groundwater classification: 

"You state that we have an EPA groundwater classification of Class III. Is this an IEP A 
classification? If it is, what is this based on? Can you provide the data?" 

Comment has been addressed: 

Based,.on a copy, of th'e D!!partment of-Defense (DoD),.Relative. Risk Site Evaluation Primer 
(RRSE Primer), Table 1.0 EPA Groundwater Classification . Guidelines (cf. 
http://www.dtic.mil/envirodod/rerisk/framewrk.html, page 4 of 6), a Class III Groundwater 
classification is defined as "Groundwater that is not considered a potential source of drinking 
water and [is] of limited beneficial use (Class IIIA and Class IIIB), is saline, or is otherwise 
contaminated by naturally occurring.constituents or human activity that is not associated with a 
particular waste disposal activity or another site beyond levels ·that allow remediation using 
methods reasonably employed in public water treatment systems. Class III also includes 
groundwater that is not available in sufficient quantity at any depth. to meet the needs of an _ 

, average household .... Class IIIA includes groundwater that is interconnected to surface water or 
adjacent groundwater that potentially could be used for drinking water. Class IIIB includes 
groundwater that has no interconnection to surface water or adjacent a·quifers." 

The DoD EPA Groundwater Classification Guidelines follow the "Groundwater Classification 
under the EPA Groundwater , Protection Strategy" Office of Groundwater Protection, . dated 
December 1986. The groundwater encountered at the site is likely a perched water system that 
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does not produce sufficient quantity to meet the needs of an average household and is not used as 
a drinking water source, thus all the sites within this project are classified as Class III. A 
discussion of the selected groundwater classification at the GLNTC has been added to Section 
3.3, DoD RRSE Primer. 

Reviewer's comment pertaining to potential pathways: 

"Page 25, last paragraph, Please explain why soil is not considered a potential pathway since 
there were exceedances at these locations for soil contaminants? How are you ruling this out? I'm 
not sure you can rule anything out based only on 3 borings and limited samples per site. Please 
elaborate." 

Comment has been addressed: 

Based on ·a copy of the DoD RRSE Primer, Evaluation of Surface Soils (cf. 
http://www.dtic.mil/envirodod/rerisk/instruct.html, page 7 of 8), "Samples for soil evaluation 
should be from a depth of 0 to 6 inches· below ground surface (bgs ). If samples are not available 
from this interval, samples from depths up to 24 inches can .be used. Preference is given to 
shallower samples when there is a choice. In no instance should samples deeper that 24 ihches be 
used. For the purpose of this evaluation, the hazard posed by subsurface soil contaminants (e.g., 
a buried leaking storage tank deeper than 24 inches) is assumed to be assessed by the evaluation 
of groundwater (based on actual groundwater sampling data), which would be the most probable 
pathway of deep soil contaminant migration to humans." 

Since the hazard posed is from subsurface soil contaminants from buried leaking underground 
storage tanks and is deeper than 24 inches bgs, then the evaluation of groundwater is a more 
probable pathway and was considered a probable potential pathway. A discussion of this 
selection of evaluated p9tential pathways for this report is presented in Section 3.3, DoD 
Relative RiskSite Evaluation Primer. ··· t : .,.,, :.· 

Reviewer's comment pertaining to the format of the report: 

"Recommend complete report and appendices be broken up/tabbed by individual site because it 
is anticipated future work at the sites will be performed at.different times. By doing so, someone 
looking for historical information at a particular tank site will not have to filter through the report 
looking and making copies of boring logs, analytical results, field notes, etc. for a particular tank 
site." 

Comment has been addressed:· 

A required report format was not provided to TolTest. In order to reorganize the report format~ a 
significant amount of time woulcl be required. It would be too costly to redo the entire report 
format at this time. · 

.•• ""1 • 
• :,, t ~ ;::...i 
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Reviewer's comment pertaining to the lack of groundwater samples submitted for the 
project: · 

"At six locations groundwater samples were apparently not taken. Why didn't the contractor go 
back to these sites and probe to a deeper depth to obtain the samples? Recommend that 
contractor discuss this within the report and as part of the individual tank discussions." 

Comment has been addressed: 

Groundwater samples were collected whenever the temporary well yielded a sufficient amount of 
water. Borings wer~ installed to· refusal and thus were not advanced deeper. If a temporary well 
did not provide sufficient water the day it was installed, it was left in place and another attempt 
to collect a sample was made during the week the boring was advanced. After several 
unsuccessful attempts to .collect a groundwater sample from the temporary well, it was 
determined that there was insufficient water supply for a sample to be collected. The term 
"insufficient water" has been clarified in the report in the discussion within Section 2.2.2, 
Groundwater Sampling Procedures. If a sample was not able to be collected at a particular 
building location, the explanation is- included within the discussion of the particular building in 
Section 3.1, Laboratory Analytical Results. 

• Reviewer's comment pertaining to the laboratory being certified as a CLP laboratory: 

"Did the contractor use a CLP lab as identified in the SOW?" 

Comment has been addressed: 

Non-CLP labs were utilized. Laboratories utilized in this investigation included: AAC Trinity, 
Farmington Hills, Michigan; AEA Laboratories, Inc., Morton Grove; Illinois; and Environmental 
Monitoring Technologies (EMT}; Morton Grove;. Illinois_. AEA sold their name and cl.ientJist to 

· EMT in May 2001 when AEA dissolved the corporatio~. EMT performed work for AEA ~fter 
May 2001. 

Reviewer's comment pertaining to the lack of soil samples ·submitted:' 
. . 

. "Page 18/Building 238, PID readings do not directly correlate with soil concentrations and a PID 
will not pick up PNAs so not running soil samples does not appear appropriate. (See Building 
3402 page 22 where PID readings were "O" and soil samples were still taken and tested.)" 

Com.ment.has been addressed: 

Mr. Khushwant Mander of TolTest contacted Carlito Luciano on April .2, 2003 to discus~ the 
absence of soil samples for Building i38. After a discussion with Mr. Luciano, it was determined 
that the text in the report should not change and Mr. Luciano will do a deductive MOD for the 
analytical samples that should have been submitted. The analytical cost"of these soil samples 
from Building 238 has been removed from the cost of the analytical contract. . 
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"Page 1, 1.1 first paragraph, states the samples were taken appropriate to product types formerly 
stored in each former UST. Table 1 G shows only two soil samples taken at two different sites at 
Bl44. The two site.tanks had different product in them. Why wouldn't the sampling protocol be 
different based on the statement? Recommend contractor address." 

Comment has been addressed: 

Building 144 had both gasoline and diesel tanks. EPA methods used in this report are presented 
in Section 3.0, Results. Since both gasoline and used oil were the potential sources of 
contamination at Building 144, soil samples were analyzed for BTEX, MTBE, total lead, and 
SPLP lead to address the gasoline USTs and for VOes, SVOes, PNAs, and metals to address the 
diesel USTs. In ins.tances where BTEX and voe analyses were required, only the voe analysis 
was performed, since the voe analysis incorporates the BTEX constituents. According to the 
analytical ·data received for this site building, the appropriate analyses were performed and 
reported. 

Reviewer's comment pertaining to the clarification of 1~ versus 18 sites within the report: 

"Page 16, Building 144: Building 144 consists of two sites; 144 Fuel Tanks & 144 Used Oil 
Tanks. Separate the two sites. Each site should have their own Geoprobe borings, soil water 
samples, etc. as stated in the SOW."; "The figure for B144 does not show six Geoprobe locations 
as required, why?"; "Prepare two RRS Evaluation Worksheets for Building 144." 

Comment has been addressed: 

Building 144 USTs, which consisted of both gasoline and diesel USTs, were negotiated as one 
site. Thus, this reportrefer~nces· 18' t.otar sites. The n~g~,t~ated esti,mate fqrJhe pot~nt,i£ll number 
of soil samples to be submitted was 54 samples (J 8 sites at 3 soil samples submitted per site for a 
total of 54 total soil samples). No written documentation pertaining to this negotiated sample 
amount could be located'. The two sites cannot be separated since they were combined and 
treated as one site by analyzing the three borings advanced at the building for both the gasoline 
and used oil parameters. Two separate RRS Evaluation Worksheets could not be prepared since 
the samples were negotiated to be three samples and not six samples for Building 144. A brief 
discussion of the negotiation to combine the two tank types as one site for Building 144 has been 
added for clarification to the Executive Summary; to Section 1.0 Introduction; and to Section 4.0 
Summary. 

Reviewer's.comment pertaining to the shortage of samples analyzed: 

"44 soil and 51 groundwater samples (95 samples) were taken per Summary. Was 19 sites· x 6 · 
samples. per site=l 14) in th,e Statement of Work? Why is the project 9 samples short? 
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The negotiation of Building· 144 as a single site decreased the total soil/groundwater sample 
volume by 6 (18 sites x 6 samples per site= 108). 

Soil samples were not submitted for Building 238 (refer to comment previously addressed 
above), thus decreasing the total number of soil samples by 3. Building 1 was 1 soil sample short 
since only fill material was encountered in one boring and no native soil was encountered. · 
Building 90 was '2 soil samples short since only fill material was encountered in two borings and 
no native soil was encountered. Building 103 was 2 soil samples short since one boring advanced 
consisted of fill material and the other boring advanced encountered no native soil until below 
the saturated zone. Building 144 and Building 3400 were 1 soil sample short each since there 
was no sample recovery after several attempts. The total decrease in soil samples was 12; thus, 
the total number of soil samples submitted was 44 rather than 54. 

Some sites did not yield sufficient water for a groundwater sample to be submitted. Building I 06 
was short 2 groundwater samples, Building 2912 was short I groundwater sample, Building 
3114A was short I groundwater sample, Building 3402 was short 1 groundwater sample, and 
Building 3511 was short 1 groundwater sample. The total decrease in groundwater samples was 
6; thus, the total number of groundwater samples submitted was 48 rather than 54 

Thus the total of submitted samples was 92 (44 soil samples+ 48 groundwater samples) rather 
than 108. This number has been corrected in Section 4.0 Summary of the report. · 

Reviewer's comment pertaining to the analytical procedures followed: 

"Section 2.2.1, there is no discussion regarding the analytical procedure used and if the 
specimens for voes were tested within 48 hours of collection (as per testing methods 
requirements); Was this provided' ini'a .worl<Ysamplirtg··analysis plan? If not, a short·.descrip~ion"' .. 
should be made here. On another note, has any of the data been validated? W, ere there any data 
qualifiers that need explanation?" 

Comment has been addressed: 

Based on TolTest's Risk Ranking.Sampling Work Plan and Health and Safety Plan submitted to 
the Navy in August 2001, Section 4.8. 1, "Field QC samples are not required for this project due 
to its limited scope. It is anticipated that AEA will report standard QC measures taken during 
am1lysis of samples involved with this project as required by the U.S. EPA Methods _utilized and 
AEA's standard operating· procedures." According to Section 4.8.6 of the same submitted 
Sampling Work Plan, "all samples will be preserved to U.S. EPA and/or Contracting Office 
protocols ·established for each applicable parameter. Samples wiil _be collected utilizing 
polyethylene gloves and will be placed in· EPA Level !sample containers and appropriate sample 

. . . . 
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syringes for volatiles for soils provided by the l~boratory. Samples will be placed into an 
insulated cooler with ice and cooled to 4°. Celsius. All sample containers will be certified clean, 
EPA approved, laboratory-prepared glass sample jars with Teflon(r)-lined lids. The maximum 
holding time is 14 days for PNAs, BTEX, MTBE, and VOCs parameters and 6 months for metal 

·parameters." Sample collection procedures and laboratory responsibilities stated in TolTest's 
Risk Ranking Sampling Work Plan will be added as Section 2.2 of the report. All samples were 
analyzed within hold time. Data qualifiers detected were below quantitation limits and thus 
represent deminimus conditions and are not specifically addressed in this report. Data validation 
was performed to a Level 1. 

Reviewer's comment pertaining to BTEX concentrations at Building 3216B: 

"If free product was observed, then how could BTEX be below MD Ls? Please elaborate. There 
were no hits for BTEX in groundwater even though there was free product? Please elaborate." · 

Comment has been addressed: 

One 3,500 gallon diesel UST was removed from Building 32 l 6B. Free product encountered at 
the site was diesel fuel. Diesel fuel constituents do not necessarily include BTEX. BTEX 
concentrations were below laboratory method detection limits for both the groundwater and soil 
samples submitted for Building 3216B; however, numerous PNAs were detected above 
laboratory method detection limits. 

Reviewer's comment pertaining to previous work data reviewed: 

"Did TolTest review previous work/data? If so, a more detailed recommendation could and 
should have been made." · 

, Commentfifas been addtess~d~ , . i ~1 ~ ,\ i _i • • . :· 

TolTest reviewed only the documentation provided by the Navy in the Site Descriptions and 
Histories Section dated May 2001 appended to the.TolTest Risk Ranking Sampling Work Plan 
and Health and Safety Plan. TolTest was not provided with 45-day or closure reports by the -
Navy. 

In March 2003, a TolTest associate visited the Navy offices to obtain 45-day reports in order to 
incorporate a more detailed discussion into Section 5.0 Recommendations. However, no 45-day 
reports could be located for Buildings 144, 229, 238, 329, 3114A, 3216B, 3402, or 3511-and· 
those reports that were available revealed no information beyond what was contained in the 
Navy's May 2001 site histories. · 

TolTest's scop~ of work under Delivery Order 0028 was not to relate information obtained from 
this rep·ort to previous reports but to collect field data and laboratory analytical data to initially 

!;/':-• 
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characterize the sites so the Navy could perform relative risk ranking. Recommendations will be 
more detailed as they pertain to the level of priority each site should be given. Table 5.0 
summarizes the history, the results, and _the priority level for each site. 

Reviewer's commentpertaining to ranking the sites from high to low priority: 

"Page 29, tabulate the 19 sites (Relative Risk Ranking); Showing the Building Number and 
Ranking. Rank the sites from 'high' to 'low'." 

Comment has been addressed: 

For the purpose of this report, Building 144, which consists of two sites (diesel and gasoline 
US Ts), has been negotiated and treated as one site. Thus this r~port references 18 total sites. The 
18 sites have been ranked from a "high" to "low" priority by numbers "l" through "18" (1 being 
the highest or top priority and 18 being the lowest or lower priority). Priority levels have been 
assigned to the 18 sites and are tabulated in Table 5.0 that has been added to the report. A more 
detailed discussion on how and why TolTest rated each building a particular priority is discussed 
in the Recommendation section of the report. 

Reviewer's comment pertaining to lab contaminants: 

. • "Page 20, 1st paragraph, would benzyl alcohol be considered a lab contaminant?" 

-· 

Comment has been addressed: 

No. According to a chemist at AAC Trinity Laboratory in Farmington Hills, Michigan (a 
laboratory currently used by TolTest), benzyl alcohol is very unlikely to be a laboratory 
contaminant. It is very unusual for it to be a lab contaminant, especially in groundwater sample 
_apalyses, unless a special.i.z~d ~ethe>,d of analysis .i~ .. us.~d_:~t~, Nl~ly;ze ~h~.-sample .. ,SiI?:~e~ nq1,-,9th~.r 
groundwater sample indicated the presence of benzyl alcohol, theri its presence is not attributed 
to the laboratory analysis process. Benzyl alcohol is generally used as a solvent in inks, paints, 
lacquers, and epoxy resin coatings. It is also used as a raw material of"various esters used in 
soap, perfume, and flavor industries. Since there is no Groundwater Remediation Objective 
(GRO) established for this analyte, it is not considered a potential environmental concern at this 
time. 

Reviewer's comment pertaining to Executive Summary: 

"The Executive Summary is simply the exact wording . of the beginning of the Summary_ of 
. Section 4.0. Recommend there not be exact redundancy in the_ document." 

Comment has been addressed: 

The_ Executive Summary has been modified so that the wording is not exactly the same as the 
Summary in Section 4.0. 
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TolTest appreciates the continued opportunity to provide the Navy with our engmeermg, 
consulting, and testing services. Should you have any questions or ·require additional 
information, please contact Mr. Lance M. Parsons at (812) 636-8501. 

Sincerely, 

TOL TEST, INC. 

Miranda R. Rohm 
Environmental Specialist 

Peter Chevalier 
Environmental Specialist 

__ Jw--f (/r~ 
·Susan E. Yarger 
SDS Group Manager 

Lance M. Parsons 
Regional Manager 

Federal\Repons\EJOC\RRR-relative risk ranking project\Final Final\FrNAL Text\417920 I RRR Final Response Letter.doc 
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April 1996 

&EPA Ground Water Issue 

LOW-FLOW (MINIMAL DRAWDOWN) 
GROUND-WATER SAMPLING PROCEDURES 

by Robert W. Puls1 and Michael J. Barcelona2 

Background 

The Regional Superfund Ground Water Forum is a 
group of ground-water scientists, representing EPA's 
Regional Superfund Offices, organized to exchange 
information related to ground-water remediation at Superfund 
sites. One of the major concerns of the Forum is the 
sampling of ground water to support site assessment and 
remedial performance monitoring objectives. This paper is 
intended to provide background information on the · 
development of low-flow sampling procedures and its 
application under a variety of hydrogeologic settings. It is 
hoped that the paper will support the production of standard 
operating procedures for use by EPA Regional personnel and 
other environmental professionals engaged in ground-water 
sampling. 

·For further information cvntact: Robert• Ruis, 405-436~8543,' 
Subsurface Remediation and Protection Division, NRMRL, 
Ada, Oklahoma. 

I. Introduction 

The methods and objectives of ground-water 
sampling to assess water quality have evolved ·over time. 
Initially the emphasis was on the assessment of water quality 
of aquifers as sources of drinking water. Large water-bearing 

units were identified and sampled in keeping with that 
objective. These were highly productive aquifers that 
supplied drinking water via private wells or through public 
water supply systems. Gradually; with the increasing aware­
ness of subsurface pollution of these water resources, the 
understanding of complex-hydrogeochemical processes 
which govern the fate and transport of contaminants in the 
subsurface increased. This increase ·in understanding was 
also due to advances in a number of scientific disciplines and 
improvements in tools used for site characterization and 
ground-water sampling. Ground-water quality investigations 
where pollution was detected initially borrowed ideas, 
methods, and materials for site characterization from the 
·water supply field and water analysis from public health 
practices. This included the materials and manner in which 
monitoring wells were installed and the way in which water 
was brought to the surface, .treated,. preserved and analY.zed . 

. The pre~ailing conceptual ideas ;included ~onvenient generali­
zations of ground-water resources in terms of large and 
relatively homogeneous hydrologic units. With time it became 
apparent that conventional water supply generalizations of 
homogeneity did not adequately represent field data regard­
ing pollution of these subsurface resources. The important 
role of heterogeneity became increasingly clear not only in 
geologic terms, but also in terms of complex physical, 

'National Risk Management Research Laboratory, U.S. EPA 
'University of Michigan 

$uperfund Technology Support Center for 
Ground Water 

National Risk Management Research Laboratory 
Subsurface Protection and Remediation Division 
Robert S. Kerr Environmental Research Center 
Ada, Oklahoma 



chemical and biological subsurface processes. With greater 
appreciation of the role of heterogeneity, it became evident 
that subsurface pollution was ubiquitous and encompassed 
the unsaturated zone to the deep subsurface and included 
unconsolidated sediments, fractured rock, and aquitards or 
low-yielding or impermeable formations. Small-scale pro­
cesses and heterogeneities were shown to be important in 
identifying contaminant distributions and in controlling water 
and contaminant flow paths. 

It is beyond the scope of this paper to summarize all 
the advances in the field of ground-water quality investiga­
tions and remediation, but two particular issues have bearing 
on ground-water sampling today: aquifer heterogeneity and 
colloidal transport. Aquifer heterogeneities affect contaminant 
flow paths and include variations in geology, geochemistry, 

· hydrology and microbiology. As methods and the tools 
available for subsurface investigations have become increas­
ingly sophisticated and understanding of the subsurface 
environment has advanced, there is an awareness that in 
most cases a primary concern for site investigations is 
characterization of contaminant flow paths rather than entire 
aquifers. In fact, in many cases, plume thickness can be less 
than well screen lengths {e.g., 3-6 m) typically installed at 
hazardous waste sites to detect and monitor plume movement 
over time. Small-scale differences have increasingly been 
shown to be important and there is a general trend toward 
smaller diameter wells and shorter screens. 

The hydrogeochemical significance of colloidal-size 
particles in subsurface systems has been realized during the 
past several years {Gschwend and Reynolds, 1987; McCarthy 
and Zachara, 1989; Puls, 1990; Ryan and Gschwend, 1990). 
This realization resulted from both field and laboratory studies 
that showed faster contaminant migration over greater 
distances and at higher concentrations than· flow and trans­
port model predictions would suggest {Buddemeier and Hunt, 
1988; Enfield and Bengtsson, 1988; Penrose et al., 1990). 
Such models typically account for interaction between the 
mobile aqu.eous and immobile solid phases, but do not allow 
for a .mobile, reactive-solid phase: It is recognition of this third 
phase as a possible means of contaminant transport that has 
brought increasing attention to the manner in which samples 
are collected and processed for analysis {Puls et al., 1990; 
McCarthy and Degueldre, 1993; Backhus et al., 1993; U.S. 
EPA, 1995). If such a phase is present in sufficient mass,· 
possesses high sorption reactivity, large surface area, and 
remains stable in suspension, it can serve as an important 
mechanism to facilitate contaminant transport in many types 
of subsurface systems. 

Colloids are particles that are sufficiently small so 
that the surface free energy of the particle dominates the bulk 
free energy. Typically, in ground water, this includes particles 
with diameters between 1 and 1000 nm. The most commonly 
observed mobile particles include: secondary clay minerals; 
hydrous iron, aluminum. and manganese oxides; dissolved 
and particulate organic materials, and viruses and bacteria. 
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These reactive particles have been shown to be mobile under 
a variety of conditions in both field studies and laboratory 
column experiments, and as such need to be included in 
monitoring programs where identification of the total mobile 
contaminant loading {dissolved + naturally suspended 
particles) at a site is an objective. To that end, sampling 
methodologies must be used which do not artificially bias 
naturally ~uspended particle concentrations. 

Currently the most common ground-water purging 
and sampling methodology is to purge a well using bailers or 
high speed pumps to remove 3 to 5 casing volumes followed 
by sample collection. This method can cause adverse impacts 
on sample quality through collection of samples with high 
levels of turbidity. This results in the inclusion of otherwise . 
immobile artifactual particles which produce an overestima­
tion of certain analytes of interest {e.g., metals or hydrophobic 
organic compounds). Numerous documented problems 
associated with filtration {Danielsson, 1982; Laxen and 
Chandler, 1982; Horowitz et al., 1992) make this an undesir­
able method of rectifying the turbidity problem, and include 
the removal of potentially mobile {contaminant-associated) 
particles during filtration, thus artificially biasing contaminant 
concentrations low. Sampling-induced turbidity problems can 
often be mitigated by using low-flow purging and sampling 
techniques. 

Current subsurface conceptual models have under­
gone considerable refinement due to the recent development 
and increased use of field screening tools. So-called 
hydraulic push technologies {e.g., cone penetrometer, 
Geoprobe®, QED HydroPunch®) enable relatively fast 
screening site characterization which can then be used to 
design and install a monitoring well network. Indeed, 
alternatives to conventional monitoring wells are now being 
considered for some hydrogeologic settings. The ultimate 
design of any monitoring system should however be based 
upon adequate site charact_erization and be consistent with 
established monitoring objectives. 

.: • .. If the sampling program objectives include accurate 
assessment of the magnitude and extent of subsurface . 
contamination over time and/or accurate assessment of 
subsequent remedial performance, then some information 
regarding plume delineation in thr~e-dimensional space is 
necessary prior 'o monitoring well network design and 
installation. This can be accomplished with a variety of 
different tools and equipment ranging from hand-operated 
augers to screening tools mentioned above and large drilling 
rigs. Detailed information on ground-water flow velocity, 
direction, and horizontal and vertical variability are essential 
baseline data requirements. Detailed soil and geologic data 
are required prior to and during the installation of sampling 
points. This includes historical as well as detailed soil and 
geologic logs which.accumulate during the site investigation. 
The use of borehole geophysical techniques is also recom- . 
mended. With this information (together with other site 
characterization data) and a clear understanding of sampling 
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• objectives, then appropriate location, screen length, well 
diameter, slot size, etc. for the monitoring well network can be 
decided. This is especially critical for new in situ remedial 
approaches or natural attenuation assessments at hazardous 
waste sites. 

In general, the overall goal of any ground-water 
sampling program is to collect water samples with no alter­
ation in water chemistry; analytical data thus obtained may be 
used for a variety of specific monitoring programs depending 
on the regulatory requirements. The sampling methodology 
described in this paper assumes that the monitoring goal is to 
sample monitoring wells for the presence of contaminants and 
it is applicable whether mobile colloids are a concern or not 
and whether the analytes of concern are metals (and metal­
loids) or organic compounds. 

II. Monitoring Objectives and Design 
Considerations 

The following issues are important to consider prior 
to the design and implementation of any ground-water 
monitoring program, including those which anticipate using 
low-flow purging and sampling procedures. 

A. Data Quality Objectives (DQOs) 

Monitoring objectives include four main types: 
detection, assessment, corrective-action evaluation and 
resource evaluation, along with hybrid variations such as site­
assessments for property transfers and water availability 
investigations. Monitoring objectives may change as contami­
nation or water quality problems are discovered. However, 
there are a number of common components of monitoring 
programs which should be recognized as important regard­
less of initial objectives. These components include: 

1) Development of a conceptual model that incorporates 
elements of the regional geology to the local geologic 
framework·. The,_,concei:itual'"moHel development also ., .. 
includes initial site ''characterization efforts to identify 
hydrostratigraphic units and likely flow-paths using a 
minimum number of borings and well completions; 

2) Cost-effective and well documented collection of high 
quality data utilizing simple, accurate, and reproduc­
ible techniques; and 

3) Refinement of the conceptual model based on 
supplementary data collection and analysis. 

These fundamental components serve many iypes of monitor­
ing programs and provide a basis for future efforts that evolve 
in complexity and level of spatial detail as purposes and 
objectives expand. High quality, reproduCible data collection 
is a common goal regardless of program objectives~ 
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High quality data collection implies data of sufficient 
accuracy, precision, and completeness (i.e., ratio of valid 
analytical results to the minimum sample number called for by 
the program design) to meet the program objectives. Accu­
racy depends on the correct choice of monitoring tools and 
procedures to minimize sample and subsurface dis_turbance 
from collection to analysis. Precision depends on the 
repeatability of sampling and analytical protocols. It can be 
assured or improved by replication of sample analyses 
including blanks, field/lab standards and reference standards. 

B. Sample Representativeness 

An important goal of any monitoring program is 
collection of data that is truly representative of conditions at 
the site. The term representativeness applies to chemical and 
hydrogeologic data collected via wells, borings, piezometers, 
geophysical and soil gas measurements, lysimeters, and 
temporary sampling points. It involves a recognition of the 
statistical variability of individual subsurface physical proper­
ties, and contaminant or major ion concentration levels, while 
explaining extreme values. Subsurface temporal and spatial 
variability are facts. Good professional practice seeks to 
maximize representativeness by using proven accurate and 
reproducible techniques to define limits on the distribution of 
measurements collected at a site. However, measures of 
representativeness are dynamic and are controlled by 
evolving site characterization and monitoring objectives. An 
evolutionary site characterization model, as shown in Fig-
ure 1, provides a systematic approach to the goal of consis­
tent data collection. 
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Figure 1. Evolutionary Site Characterization Model 

The model 'emphasizes a recognition of the causes of the 
variability (e.g., use of inappropriate technology ~uch as using 
bailers to purge wells; imprecis·e or operator-dependent 
methods) and the need to control avoidable errors. 



1) Questions of Scale 

A sampling plan designed to collect representative 
samples must take into 'account the potential scale of 
changes in site conditions through space and time as well as 
the chemical associations and behavior of the parameters 
that are targeted for investigation. In subsurface systems, 
physical (i.e., aquifer) and chemical properties over time or 
space are not statistically independent. In fact, samples 
taken in close proximity (i.e., within distances of a few meters) 
or within short time periods (i.e., more frequently than 
monthly) are highly auto-correlated. This means that designs 
employing high-sampling frequency (e.g., monthly) or dense 
spatial monitoring designs run the risk of redundant data 
collection and misleading inferences regarding trends in 
values that aren't statistically valid. In practice, contaminant 
detection and assessment monitoring programs rarely suffer 
these over-sampling concerns. In corrective-action evaluation 
programs, it is also possible that too little data may be 
collected over space or time. In these cases, false interpreta­
tion of the spatial extent of contamination or underestimation 
of temporal concentration variability may result. 

2) Target Parameters 

Parameter selection in monitoring program design is 
most often dictated by the regulatory status of the site. · 
However, background water quality constituents, purging 
indicator parameters, and contaminants, all represent targets 
for data collection programs. The tools and procedures used 
in these programs should be equally rigorous and applicable 
to all categories of data, since all may be needed to deter­
mine or support regulatory action. 

C. Sampling Point Design and ConstruCtion 

Detailed site characterization is central to all 
decision-making purposes and the basis for this characteriza­
tion resides in identification of the geologic framework and 
major hydro-stratigraphic units. Fundamental data for sample 

· point location include: subsurfa'ce lithology, head-differences 
and background geochemical conditions. Each sampling point 
has a proper use or uses which should be documented at a 
level which is appropriate for the program's data quality 
objectives. Individual sampling points may not always be 
able to fulfill multiple monitoring objectives (e.g., detection, 
assessment, corrective action) .. · 

1) Compatibility with Monitoring Program and Data 
Quality Objectives 

Specifics of sampling point location and design will 
. be dictated by the complexity of subsurface lithology and 
variability in contaminant and/or geochemical conditions. It 
should be noted that, regardless of the ground-water sam­
pling approach, few sampling points (e.g., wells, drive-points, 
screened augers) have zones of influence in excess of a few. 
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feet. Therefore, the spatial frequency of sampling points 
should be carefully selected and designed. 

2) Flexibility of Sampling Point Design 

In most cases we/I-point diameters in excess of 1 7/8 
inches will permit the use of most types of submersible 
pumping devices for low-flow (minimal drawdown) sampling. 
It is suggested that short (e.g., less than 1.6 m) screens be 
incorporated into the monitoring design where possible so 
that comparable results from one device to another might be 
expected. Short, of course, is relative to the degree of vertical 
water quality variability expected at a site. 

3) Equilibration of Sampling Point 

Time should be allowed for equilibration of the well 
or sampling point with the formation after installation. Place­
ment of well or sampling points in the subsurface produces 
some disturbance of ambient conditions. Drilling techniques 
(e.g., auger, rotary, etc.) are generally considered to cause 
more disturbance than direct-push technologies. In either 
case, there may be a period (i.e., days to months) during 
which water quality near the point may be distinctly different · 
from that in the formation. Proper development of the sam­
pling point and adjacent formation to remove fines created 
during emplacement will shorten this water quality recovery 
period. 

Ill. Definition of Low-Flow Purging and Sampling 

It is generally accepted that water in the well casing 
is non-representative of the formation water and needs to be 
purged prior to collection of ground-water samples. However, 
the water in the screened interval may indeed be representa­
tive of the formation, depending upon well construction and 
site hydrogeology. Wells are purged to some extent for the 
following reasons: the presence of the air interface at the top 
of the water column resulting in an oxygen concentration 

. grai:lient'with depth, loss of volatiles up the water column, 

. leaching from or sorption to the casing or filter pack, chemical 
changes due to clay seals or backfill, and surface infiltration. 

Low-flow purging, whether using portable or dedi­
cated systems, should be done using pump-intake located in 
the middle or slightly above the middle of the screened 
interval: Placement of the pump too close to the bottom of the 
well will cause increased entrainment of solids which have 
collected in the well over time. These particles are present as 
a result of well development, prior purging and sampling 
events, and natural colloidal transport and deposition . 
Therefore, placement of the pump in the middle or toward the 
top of the screened interval is suggested. Placement of the 
pump at the top of the water column for sampling is only 
recommended in unconfined aquifers, screened across the 
water table, where this is the desired sampling point. Low-
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•• flow purging has the advantage of minimizing mixing between 
the overlying stagnant casing water and water within the 
screened interval. 

A. Low-Flow Purging and Sampling 

Low-flow refers to the velocity with which water 
enters the pump intake and that is imparted to the formation 
pore water in the immediate vicinity of the well screen. It 
does not necessarily refer to the flow rate of water discharged 
at the surface which can be affected by flow regulators or 
restrictions. Water level drawdown provides the best indica­
tion of the stress imparted by a given flow-rate for a given 
hydrological situation. The objective is to pump in a manner 
that minimizes stress (drawdown) to the system to the extent 
practical taking into account established site sampling 
objectives. Typically, flow rates on the order of 0.1 - 0.5 Umin 
are used, however this is dependent on site-specific 
hydrogeology. Some extremely coarse-textured formations 
have been successfully sampled in this manner at flow rates 
to 1 Umin. The effectiveness of using low-flow purging is 
intimately linked with proper screen location, screen length, 
and well construction and development techniques. The 
reestablishment of natural flow paths in both the vertical and 
horizontal directions is important for correct interpretation of 
the data. For high resolution sampling needs, screens less 
than 1 m should be used. Most of the need for purging has 
been found to be due to passing the sampling device through 
the overlying casing water which causes mixing of these 
stagnant waters and the dynamic waters within the screened 
interval. Additionally, there is disturbance to suspended 
sediment collected in the bottom of the casing and the 
displacement of water out into the formation immediately 
adjacent to the well screen. These disturbances and impacts 
can be avoided using dedicated sampling equipment, which 
precludes the need to insert the·sampling device prior to 
purging and sampling. 

Isolation of the screened interval water from the 
overlying stagnant casi~g water may be accomp!ished using 
low-flow minimal drawdown techniques. If the pump intake is 
located within the screened interval, most of the water 
pumped will be drawn in directly from the formation with little 
mixing of casing water or disturbance to the sampling zone. 
However, if the wells are not constructed and developed 
properly, zones other than those intended may be sampled. 
At some sites where geologic heterogeneities are sufficiently 
different within the screened interval, higher conductivity 
zones may be preferentially sampled. This is another reason 
to use shorter screened intervals, especially where high 
spatial resolution is a sampling objective. 

B. Water Quality Indicator Parameters 

It is recommended that water quality indicator 
parameters be used to determine purging needs prior to 
sample collection in each well. Stabilization of parameters 
such as pH, specific conductance, dissolved oxygen, oxida-
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!ion-reduction potential, temperature and turbidity should be 
used to determine when formation water is accessed during 
purging. In general, the order of stabilization is pH, tempera­
ture, and specific conductance, followed by oxidation­
reduction potential, dissolved oxygen and turbidity. Tempera­
ture and pH, while commonly used as purging indicators, are 
actually quite insensitive in distinguishing between formation 
water and stagnant casing water; nevertheless, these are 
important parameters for data interpretation purposes and 
should also be measured. Performance criteria for determi­
nation of stabilization should be based on water-level draw­
down, pumping rate and equipment specifications for measur­
ing indicator parameters. Instruments are available which 
utilize in-line flow cells to continuously measure the above 
parameters. 

It is important to establish specific well stabilization 
criteria and then consistently follow the same methods 
thereafter, particularly with respect to drawdown, flow rate 
and sampling device. Generally, the time or purge volume 
required for parameter stabilization is independent of well 
depth or well volumes. Dependent variables are well diam­
eter, sampling device, hydrogeochemistry, pump flow rate, 
and whether the devices are used in a portable or dedicated 
manner. If the sampling device is already in place (i.e., 
dedicated sampling systems), then the time and purge 
volume needed for stabilization is much shorter. Other 
advantages of dedicated equipment include less purge water 
for waste disposal, much less decontamination of equipment, 
less time spent in preparation of sampling as well as time in 
the field, and 'more consistency in the sampling approach 
which probably will transiate into less variability in sampling 
results. The use of dedicated equipment is strongly recom­
mended at wells which will undergo routine sampling over 
time. 

If parameter stabilization criteria are too stringent, 
then minor oscillations in indicator parameters may cause 
purging operations to become unnecessarily protracted. It 
should also be noted that turbidity is a very conservative 
parameter in terms ofstabilization. TUrbidity iS always the 
last parameter to stabilize. Excessive purge times are 
invariably related to the establishment of too stringent turbidity 
stabilization criteria. It should be noted that natural turbidity 
levels in ground water may exceed 10 nephelometric turbidity 
units (NTU). 

· C. Advantages and Disadvantages of Low-Flow 
(Minimum Drawdown) Purging 

In general, the advantages of low-flow purging 
include: 

• samples which are representative of the mobile load of 
contaminants present (dissolved and colloid-associ­
ated); 

• minimal disturbance of the sampling point thereby 
minimizing sampling artifacts'; . 

• less operator variability, greater operator control; 
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• reduced stress on the formation (minimal drawdown); 
• less mixing of stagnant casing water with formation 

water; 
• reduced need for filtration and, therefore, less time 

required for sampling; 
• smaller purging volume which decreases waste 

disposal costs and sampling time; 
• better sample consistency; reduced artificial sample 

variability. 

Some disadvantages of low~flow purging are: 
• higher initial capital costs, 
• greater set-up time in the field, 
• need to transport additional equipment to and from the 

site, 
• increased training needs, 
• resistance to change on the part of sampling practitio­

ners, 
• concern that new data will indicate a change in 

conditions and trigger an action. 

IV. Low-Flow (Minimal Drawdown) Sampling 
Protocols 

The following ground-water sampling procedure has 
evolved over .many years of experience in ground-water 
sampling for organic and inorganic compound determinations 
and as such summarizes the authors' (and others) experi­
ences to date (Barcelona et al., 1984, 1994; Barcelona and 
Helfrich, 1986; Puls and Barcelona, 1989; Puls et. al. 1990, 
1992; Puls and Powell, 1992; Puls and Paul, 1995). High­
quality chemical data collection is essential in ground-water 
monitoring and site characterization. The primary limitations 
to the collection of representative ground-water samples 
include: mixing of the stagnant casing and fresh screen 
waters during insertion of the !?ampling device or ground­
water level measurement device; disturbance and 
resuspension of settled solids at the bottom of the well when 
using high pumping rates or raising and lowering a pump or 
bailer:. introduc\i.on of atmospheric gases or· degassing from . 
the water during sample handling and transfer, or inappropri­
ate use of vacuum sampling device, etc. 

A. Sampling Recommendations 

Water samples should not tie taken immediately 
following well development. Sufficient time should be allowed 
for the ground-water flow regime in the vicinity of the monitor­
ing well to stabilize and to approach chemical equilibrium with 
the well construction materials. This lag time will depend on · 
site conditions and methods of installation but often exceeds 
one week. 

Well purging is riearly always necessary to obtain 
samples of water flowing through the geologic formations in 
the screened interval. Rather than using a general but 
arbitrary guideline of purging three casing volumes prior to 
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sampling, it is recommended that an in-line water quality 
measurement device (e.g., flow-through cell) be used to 
establish the stabilization time for several parameters (e.g. , 
pH, specific conductance, redox, dissolved oxygen, turbidity) 
on a well-specific basis. Data on pumping rate, drawdown, 
and volume required for parameter stabilization can be used 
as a guide for conducting subsequent sampling activities. 

The following are recommendations to be considered 
before, during and after sampling: 

• use low-flow rates (<0.5 Umin), during both purging 
and sampling to maintain minimal drawdown in the 
well; 

• maximize tubing wall thickness, minimize tubing 
length; 

• place the sampling device intake at the desired 
sampling point; 

• minimize disturbances of the stagnant water column 
above the screened interval during water level 
measurement and sampling device insertion; 

• make proper adjustments to stabilize the flow rate as 
soon as possible; 

• monitor water quality indicators during purging; 
• collect unfiltered samples to estimate contaminant 

loading and transport potential in the subsurface 
system. 

B. Equipment Calibration 

Prior to sampling, all sampling device' and monitoring 
equipment should be calibrated according to manufacturer's 
recommendations and the site Quality Assurance Project Plan 
(QAPP) and Field Sampling Plan (FSP). Calibration of pH 
should be performed with at least two buffers which bracket 
the expected Iange. Dissolved oxygen calibration must be 
corrected for local barometric pressure readings and eleva­
tion. 

C. Water Level Measurement and Monitoring 
r ·.1 ,., 

It is r~commendect that a device be used' which will 
least disturb the water surface in the casing. Well depth 
should be obtained from the well logs. Measuring to the 
bottom of the well casing will only cause resuspension of 
settled solids from the formation and require longer purging 
times for turbidity equilibration. Measure well depth after 
sampling is completed. The water level measurement should 
be taken from a permanent reference point which is surveyed 
relative to ground elevation. · 

D. PumpType 

The use of iow-flow (e.g., 0.1-0.5 Umin) pumps is 
suggested for purging and sampling all types of analytes. All 
pumps have some limitation and these should be investigated 
with respect tO application ata particular site. Bailers are 
inappropriate devices for low-flow sampling. 



1) General Considerations 

There are no unusual requirements for ground-water 
sampling devices when using low-flow, minimal drawdown 
techniques. The major concern is that the device give 
consistent results and minimal disturbance of the sample 
across a range of low flow rates (i.e., < 0.5 Umin). Clearly, 
pumping rates that cause minimal to no drawdown in one well 
could easily cause significant drawdown in another well 
finished in a less transmissive formation. In this sense, the 
pump should not cause undue pressure or temperature 
changes or physical disturbance on the water sample over a 
reasonable sampling range. Consistency in operation is 
critical to meet accuracy and precision goals. 

2) Advantages and Disadvantages of Sampling Devices 

A variety of sampling devices are available for low­
flow (minimal drawdown) .Purging and sampling and include 
peristaltic pumps, bladder pumps, electrical submersible 
pumps, and gas-driven pumps. Devices which lend them­
selves to both dedication and consistent operation at deffn­
able low-flow rates are preferred. It is desirable that the pump 
be easily adjustable and operate reliably at these lower flow 
rates. The peristaltic pump is limited to shallow applications 
and can cause degassing resulting in alteration of pH, 
alkalinity, and some volatiles loss. Gas-driven pumps should 
be of a type that does not allow the gas to be in direct contact 
with the sampled fluid. 

Clearly, bailers and other grab type samplers are ill­
suited for low-flow sampling since they will cause repeated 

. disturbance and mixing of stagnant water in the casing and 
the dynamic water in the screened interval. Similarly, the use 
of inertial lift foot-valve type samplers may cause too much 
disturbance at the point of sampling. Use of these devices 

. also tends to introduce uncontrolled and unacceptable 
operator variability. 

Summaries of advantages and disadvantages of 
various sampling devices are listed in Herzog.et aL'(.1991), 
U.S. EPA (1992), Parker (1994) and Thurnblad (1994). 

E. Pump Installation 

Dedicated sampling devices (left in the well) capable 
of pumping and sampling are preferred over .a.ID'. other type of 
device. Any portable sampling device should be slowly and 
carefully lowered to the middle of the screened interval or 
slightly above the middle (e.g., 1-1.5 m below the top of a 3 m 
screen). This is to minimize excessive mixing of the stagnant 
water in the casing above the screen with the screened 
interval zone water, and to minimize resuspension of solids 
which will have collected at the bottom of the well. These two 
disturbance effects have been shown to directly affect the 
time required for purging. There also appears to be a direct 
correlation between size of portable sampling devices relative 
to the well bore and resulting purge volumes and times. The 
key is to minimize disturbance of water and solids in the well 
casing. 
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F. Filtration 

Decisions to filter samples should be dictated by 
sampling objectives rather than as a fix for poor sampling 
practices, and field-filtering of certain constituents should not 
be the default. Consideration should be given as to what the 
application of field-filtration is trying to accomplish. For 
assessment of truly dissolved (as opposed to operationally 
dissolved [i.e., samples filtered with 0.45 µm filters]) concen­
trations of major ions and trace metals, 0.1 µm filters are · 
recommended although 0.45 µm filters are normally used for 
most regulato_ry programs. Alkalinity samples must also be 
filtered if significant particulate calcium carbonate is sus­
pected, since this material is likely to impact alkalinity titration 
results (although filtration itself may alter the C02 composition 
of the sample and, therefore, affect the results). 

Although filtration may be appropriate, filtration of a 
sample may cause a number of unintended changes to occur 
(e.g. oxidation, aeration) possibly leading to filtration-induced 
artifacts during sample analysis and uncertainty in the results. 
Some of these unintended changes may be unavoidable but 
the factors leading to them must be recognized. Deleterious 
effects can be minimized by consistent application of certain 
filtration guidelines. Guidelines should address selection of 
filter type, media, pore size, etc. in order to identify and 
minimize potential sources of uncertainty when filtering 
samples. 

In-line filtration is recommended because it provides 
better consistency through less sample handling, and 
minimizes sample exposure to the atmosphere. In-line filters 
are available in both disposable (barrel filters) and non­
disposable (in-line filter holder, flat membrane filters) formats 
and various filter pore sizes (0.1-5.0 µm). Disposable filter 
cartridges have the advantage of greater sediment handling 
capacity when compared to traditional membrane filters . 
Filters must be pre-rinsed following manufacturer's recom- · 
mendations. If there are no recommendations for rinsing, 
pass through a minimum of 1 L of ground water following 
pwging and prior to samP.ling. Once filtration has begun, a 
filter cake may develop as partiCles larger than tfle''.pore size 
accumulate on the filter membrane. The result is that the 
effective pore diameter of the membrane is reduced and 
particles smaller than the stated pore size are excluded from 
the filtrate. Possible corrective measures include prefiltering 
(with larger pore size filters), minimizing particle loads to 
begin with, and reducing sample volume. 

G. Monitoring of Water Level and Water Quality 
Indicator Parameters 

Check water level periodically to monitor drawdown 
in the well as a guide to flow rate adjustment. The goal is . 
minimal drawdown (<0.1 m) during purging. This goal may be 
difficult to achieve under some circumstances due to geologic 
heterogeneities within the screened interval; and may require 
adjustment based on site-specific conditions and personal 
experience. In-line water quality indicator ·parameters should 
be continuously monitored during purging. The water quality · · 
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indicator parameters monitored can include pH, redox 
potential, conductivity, dissolved oxygen (DO) and turbidity. 
The last three parameters are often most sensitive. Pumping 
rate, drawdown, and the time or volume required to obtain 
stabilization of parameter readings can be used as a future 
guide to purge the well. Measurements should be taken 
every three to five minutes if the above suggested rates are 
used. Stabilization is achieved after all parameters have 
stabilized for three successive readings. In lieu of measuring 
all five parameters, a minimum subset would include pH, 
conductivity, and turbidity or DO. Three successive readings 
should be within± 0.1 for pH,± 3% for conductivity,± 10 mv 
for redox potential, and± 10% for turbidity and DO. Stabilized 
purge indicator parameter trends are generally obvious and 
follow either an exponential or asymptotic change to stable 
values during purging. Dissolved oxygen and turbidity usually 
require the longest time for stabilization. The above stabiliza­
tion guidelines are provided for rough estimates based on 
experience. 

H. Sampling, Sample Containers, Preservation and 
Decontamination 

Upon parameter stabilization, sampling can be 
initiated. If an in-line device is used to monitor water quality 
parameters, it should be disconnected or bypassed during 
sample collection. Sampling flow rate may remain at estab­
lished purge rate or may be adjusted slightly to minimize 
aeration, bubble formation, turbulent filling of sample bottles, 
or loss of volatiles due to extended residence time in tubing. 
Typically, flow rates less than 0.5 Umin are appropriate. The 
same device should be used for sampling as was used for 
purging. Sampling should occur in a progression from least to 
most contaminated well, if this is known. Generally, volatile 
(e.g., solvents and fuel constituents) and gas sensitive (e.g., 
Fe2•, CH4, H2S/HS·, alkalinity) parameters should be sampled 
first. The sequence in which samples for most inorganic 
parameters are collected is immaterial unless filtered (dis­
solved) samples are desired. Filtering should be done last 
and in-line filters should be used as discussed .abovri. During 
both well purging and sampling, proper protective tlothing 
and equipment must be used based upon the type and level 
of contaminants present. 

The appropriate sample container will be prepared in 
advance of actual sample collection for the analytes of 
interest and include sample preservative where_ necessary. 
Water samples should be collected directly into this container 
from the pump tubiflg. 

Immediately after a sample bottle has been filled, it 
must be preserved as specified in the site (QAPP). Sample 
preservation requirements are .based on the analyses being 
performed (use site QAPP, FSP, RCRA guidance document 
[U.S. EPA, 1992) or EPA SW-846 [U.-S. EPA, 1982] ). It 
may be advisable to add pre~ervatives to sample bottles in-a 
controlled setting priorto entering the field in order. to reduce 
the chances of improperly preserving sample bottles or · 

introducing field contaminants into a sample ~ottle while 
adding the preservatives. 

The preservatives should be transferred from the 
chemical bottle to the sample container using a disposable 
polyethylene pipe! and the disposable pipe! should be used 
only once and then discarded. 

After a sample container has been filled with ground 
water, a Teflon™ (or tin)-lined cap is screwed on lightly to 
prevent the container from leaking. A sample label is filled 
out as specified in the FSP. The samples should be stored 
inverted at 4°C. 

Specific decontamination protocols for sampling 
devices are dependent to some extent on the type of device 
used and the type of contaminants encountered. Refer to the 
site QAPP and FSP for specific requirements. 

I. Blanks 

The following blanks should be collected: 

(1) field blank: one field blank should be collected from 
each source water (distilled/deionized water) used for 
sampling equipment decontamination or for assisting 
well development procedures. 

(2) equipment blank: one equipment blank should be 
taken prior to the commencement of field work, from 
each ·set of sampling equipment to be used for that 
day. Refer to site QAPP or FSP for spec;:ific require­
ments. 

(3) trip blank: a trip blank is required lo accompany each 
volatile sample shipment. These blanks are prepared 
in the laboratory by filling a 40-ml volatile organic 
analysis (VOA) bottle with distilled/deionized water. 
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V, low-Permeability Formations e1nd Fractured 
Rock 

The overall sampling program goals or sampling 
objectives will drive how the sampling points are located, 
installed, and choice of sampling de.vice. Likewise, site­
specific hydrogeologic factors will affect these decisions. 
Sites with very low permeability formations or fractures 
causing discrete flow channels may require a unique monitor­
ing approach. Unlike water supply wells, wells installed for 
ground-water quality assessment and restoration programs 
are often installed in low water-yielding settings (e.g., clays, 
silts). Alternative types of sampling points and sampliflg 
methods are often needed in these types of environments, 
because low-permeability settings may require extremely low- _ 
flow purging (<0.1 Umin) and may be technology-limited. 
Where devices are not readily available to pump at such low 
flow rates, the primary· consideration is to avoid dewatering of 
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the well screen. This may require repeated recovery of the 
water during purging while leaving the pump in place within 
the well screen. 

Use of low-flow techniques may be impractical in 
these settings, depending upon the water recharge rates. 
The sampler and the end-user of data collected from such 
wells need to understand the limitations of the data collected; 
i.e., a strong potential for underestimation of actual contami­
nant concentrations for volatile organics, potential false 
negatives for filtered metals and potential false positives for 
unfiltered metals. It is suggested that comparisons be made 
between samples recovered using low-flow purging tech­
niques and samples recovered using passive sampling 
techniques (i.e., two sets of samples). Passive sample 
collection would essentially entail acquisition of the sample 
with no or very little purging using a dedicated sampling 
system installed within the screened interval or a passive 
sample collection device. 

A. Low-Permeability Formations (<0.1 Umin 
recharge) 

1. Low-Flow Purging and Sampling with Pumps 

a. "portable or non-dedicated mode" - Lower the pump 
(one capable of pumping at <0.1 Umin) to mid-screen 
or slightly above and set in place for minimum of 48 
hours (to lessen purge volume requirements). After 48 
hours, use procedures listed in Part IV above regard­
ing monitoring water quality parameters for stabiliza­
tion, etc., but do not dewater the screen. If excessive 
drawdown and slow recovery is a problem, then 
alternate approaches such as those listed below may 
be better. 

b. "dedicated mode" - Set the pump as above at least a 

B. Fractured Rock 

In fractured rock formations, a low-flow to zero 
purging approach using pumps in conjunction with packers to 
isolate the sampling zone in the borehole is suggested. 
Passive multi-layer sampling devices may also provide the 
most "representative" samples. It is imperative in these 
settings to identify flow paths or water-producing fractures 
prior to sampling using tools such as borehole flowmeters 
and/or other geophysical tools. 

After identification of water-bearing fractures, install 
packer(s) and pump assembly for sample collection using 
low-flow sampling in "dedicated mode" or use a passive 
sampling device which can isolate the identified water-bearing 
fractures. 

VI. Documentation 

The usual practices for documenting the sampling 
event should be used for low-flow purging and sampling 
techniques. This should include, at a minimum: information 
on the conduct of purging operations (flow-rate, drawdown, 
water-quality parameter values, volumes extracted and times 
for measurements), field instrument calibration data, water 
sampling forms and chain of custody forms. See Figures 2 
and 3 and "Ground Water Sampling Workshop -- A Workshop 
Summary" (U.S. EPA, 1995) for example forms and other 
documentation suggestions and information. This information 
coupled with laboratory analytical data and validation data are 
needed to judge the "useability" of the sampling data. 

VII. Notice 

The U.S. Environmental Protection Agency through its Office 
of Research and Development funded and managed the 
research described herein as part of its in-house research 
program and under Contract No. 68-C4-0031 to Dynamac 

. week prior to sampling; that is, operate in a dedicated 
pump mode. With this approach significant reductions 
in; purge volurpe ·should' be realii.ed. Wafer q1Jal,ity· .. 
parameters should stabilize quite rapidly due to less 
disturbance of the sampling zone. 

" 1 • • Corporation. It has been subjected to the Agency.'s peer.and.· 
. administrative review and has' been. approved for publication 

as an EPA document. Mention of trade names or commercial 
products does not constitute endorsement or recommenda-

2. Passive Sample Collection 

Passive sampling collection requires insertion of the 
device into the screened interval for a sufficient time period to 

·allow flow and sample equilibration before extraction for 
analysis. Conceptually, the extraction of water from low 
yielding formations seems more akin to the collection of water 
from the unsatura~ed zone and passive sampling techniques . 
may be more appropriate in terms of obtaining "representa­
tive" samples. Satisfying usual sample volume requirements 
is typically a problem with this approach and some latitude will 
be needed.on the part of regulatory entities to achieve 
sampling objectives. 
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tion for use. · 
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