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FOREWORD

The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) and

Superfund Amendments and Reauthorization Act of 1986 (SARA) establish a program for the cleanup of

hazardous waste disposal and spill sites nationwide.  This program contains provisions for the cleanup of

contamination from past hazardous waste operations and past hazardous material spills and is the

framework for Installation Restoration (IR) programs at numerous Navy and Marine Corps installations.

The Resource Conservation and Recovery Act (RCRA), as amended, establishes a cleanup program that

provides for current and future hazardous waste management practices, as well as cleanup of past

disposal sites at permitted or interim status Navy/Marine Corps installations.

Because of the past hazardous waste activities conducted at the Marine Corps Recruit Depot (MCRD)

Parris Island, South Carolina, the MCRD meets criteria for conducting IR activities under the CERCLA

regulatory framework.  The MCRD also meets the criteria for conducting IR activities under RCRA

because, in the late 1980s, the MCRD applied for a RCRA permit.  Under RCRA, this action requires the

MCRD to conduct corrective action for the release of hazardous waste or hazardous constituents from

solid waste management units.  Since this time, the MCRD has withdrawn its application for a RCRA

permit.

Because of the circumstances surrounding the MCRD’s IR program history, discussions have been held

among representatives from the U.S. Marine Corps, U.S. Navy, South Carolina Department of Health and

Environmental Control, and the U.S. Environmental Protection Agency, Region 4 to determine the

appropriate regulatory framework for conducting IR activities at the MCRD.  From these discussions, it

has been decided that this site-specific work plan will encompass both CERCLA and RCRA requirements

and will be dually titled as such.
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U.S. EPA COMMENTS ON
DRAFT REMEDIAL INVESTIGATION/RCRA FACILITY INVESTIGATION WORK PLAN

SITE/SWMU 45
U.S. MARINE CORPS RECRUIT DEPOT PARRIS ISLAND, SOUTH CAROLINA

EPA ID# SC6170022762

General Comments:

1. Comment:  The general technical approach presented in the Work Plan is technically adequate,

but there are concerns regarding the necessity of additional testing of air sparging, the

contingencies for defining the nature and extent of contamination in surface soil and the Floridian

aquifer, and the type(s) of groundwater model(s) to be used and the expected model inputs and

outputs.

Response:  Specific responses regarding the air sparge testing, and defining nature and extent

issues, and ground water modeling are presented below.

2. Comment:  The development and presentation of Data Quality Objectives (DQOs) and the

project Quality Assurance Plan (QAP) is inadequate to meet EPA requirements.  While the

planned data acquisition would seem to correspond to the more evident data needs, the lack of

specific DQO problem statements makes this difficult to evaluate.  Moreover, the quantity and

quality of data proposed has not been substantiated (see specific comments), for example why is

slug testing data being collected and how will it be used.  The specific QAP requirements should

reflect the established DQOs.

Response:  The intent of the Navy’s Work Plan, as presented, is to efficiently comply with Navy

and EPA DQO and QAP requirements.  To accomplish this task, a  Master Work Plan was

prepared and approved by the U.S. EPA and SCDHEC in 1998 and includes the common

information for the MCRD Parris Island installation,  project decision making processes, and data

quality requirements.  The Site 45 Work Plan presents only the new and most relevant

information needed for review and concurrence of the field program by the partnering team.  The

EPA QAP checklist (Table RTC) is attached to serve as a cross walk table to aid in your review.

The Navy considers the DQO process to be an excellent approach for developing and

documenting the elements of a field program.  However, there is project specific flexibility in the

level of detail needed to complete the DQO process.  Since, the number and type of samples to

be collected were discussed and agreed to by a diverse group of experienced personnel, (the
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partnering team), the need to document each proposed test through the DQO process is not as

rigid in this case.  Specific issues mentioned in the comment are discussed below in response to

specific comments.
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Specific Comments:

1. Comment:  Page 1-5, Figure 1-2.  The decision rules and limits on decision error are project

specific, and should be included in the Work Plan.  Reference to the Master Work Plan is not

sufficient.

Response:  Figure 1-2 will be changed to reference Section 4.2 of the Work Plan and the Master

Work Plan.  Because of the type of project at Site 45, limits on the decision error are not

applicable in this case.  For groundwater, the only significant criteria are MCLs.  As discussed

during the last few partnering team meetings, additional monitoring wells will be installed to define

the extent of groundwater contamination.  Because of the mobile type of contamination, and

previous soil removal, site related contamination is not expected to be found in the site soils.

2. Comment:  Page 2-1, section 2.2.1, 1st paragraph, 3rd sentence.  Please include the depth

below ground surface, as well as the elevation relative to mean sea level, for subsurface data.

Response:  The referenced discussion addresses general site information based on limited

subsurface data.  To add the requested data would imply a level of accuracy greater than that

available.  As a result, for consistency, the reference to the Hawthorne being approximately 30

feet below mean sea level will be deleted.   Please note that this information will be specifically

addressed in the Remedial Investigation Report for the site.

 3. Comment:  Page 2-6, section 2.4.  This problem statement is too general to support

development of DQOs for this project.  Multiple problems exist at this site that may require

additional data to support decision making, such as: the nature and extent of surface soil

contamination exceeding risk-based concentrations has not been defined, it has not been

determined whether contaminant concentrations in subsurface soil are contributing to

groundwater contamination, the extent of shallow groundwater contamination has not been

defined, the presence or absence of DNAPL has not been determined, potential impacts to the

Floridian aquifer have not been addressed, design data for optimizing the existing treatment

system and/or assessing the potential for MNA have not been collected, and data of sufficient

quality and quantity to assess human health and ecological risks from exposure to soil,

groundwater or surface water have not been collected.
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Response:  The following clarification will be added to the Statement of Problem Section.

“Specific potential concerns at the site are as follows.

1. The soils associated with the reported solvent spill were remediated at the time of the

spill.  However, based on the current distribution of groundwater contamination,

groundwater may have been impacted from more than just the reported spill area and

therefore additional contaminated soils may be present at the site.  Potentially impacted

soils may consist of both surface and subsurface soils.   The potential concerns with

impacted soils are direct exposure to human health and contaminant migration to

groundwater. Potential source areas at the site would consist of unlined waste

accumulation areas, dry cleaning units, and cracks in the building floors.

2. The extent of the groundwater contamination was previously delineated in the horizontal

direction and was also likely delineated in the vertical direction.  Since that time, a

groundwater extraction and treatment system was installed to contain or reduce the

migration of contaminated groundwater.  The effectiveness of this system in containing

groundwater contamination is uncertain.  As a result, the current vertical and horizontal

extent of groundwater is undefined.

3. There are no nearby receptors of groundwater.  However, contaminated groundwater

may be migrating toward a tidal stream of the Beaufort River, approximately 2000 feet

south-southeast of the site.

4. Contamination may also be migrating downward, either with groundwater or as a DNAPL.

A clay unit at the site likely restricts vertical migration downward into the underlying

groundwater aquifer (Floridan).  In addition, the water head gradient from the Floridan

aquifer at this site is expected to be upward and therefore limit potential contamination of

the underlying aquifer.  The rate of migration, contaminant attenuation (monitored natural

attentuation), and potential impacts of the contaminated groundwater on ecological

receptors is uncertain.

4. Comment:  Page 4-1, section 4.0, 1st paragraph, 1st sentence.  The word "No" appears to be

incorrect, please clarify.

Response:  Agreed, no will be deleted from this sentence.
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5. Comment:  Section 4.0.  The content of this section does not fully meet the requirements for

DQOs.  Planned data collection should correspond to specific data needs that support the

decision making process.  The Investigation Rationale should tie the identified data need together

with the data type, quantity and quality proposed.

Response:   Most of the information requested is presented in this section, however it is

presented in a different format than that requested.  Table 4-1 presents the specific data needs to

resolve data gaps.  Table 4-2 presents the data type and quantity.  Additional detail will be added

to the report as indicated in the responses below.

6. Comment:  Page 4-1, section 4.1, 2nd bullet.  Defining the horizontal and vertical extent of

groundwater contamination must be an explicit objective of the RI.

Response:  Agreed, the second sentence will be modified as follows.  Therefore, sampling of the

surficial aquifer is proposed to determine“ the horizontal and vertical extent of groundwater

contamination and “ whether site-related ...

7. Comment:  Page 4-2, section 4.2.1.1.  Clarify what contingency approach will be used if the eight

sample locations chosen do not adequately bound the area(s) of soil contamination.

Response:  Site related soil contamination is not expected to be found at the sample locations.

But if found, the extent should be limited to the immediate area, and at worst,  contained within

the area of groundwater contamination.   This delineation should be adequate for a feasibility

study.

In accordance with the practice performed at other MCRD Parris Island sites, soils results will be

presented to the partnering team, and if a significant data gap is identified, additional soil testing

may be considered at that time. However, if needed, final delineation of soil contamination will not

likely occur until PRGs are developed and a remedy has been selected.

8. Comment:  Page 4-3, section 4.2.1.2, 4th paragraph.  Further develop the proposed rationale

(i.e., develop decision rules) for siting the three permanent monitoring well clusters with regard to

the following concerns: will the wells be sited and constructed to support dual use (monitoring and

remediation), how will the locations be "based" on the initial sampling (i.e., co-located to provide

more definitive data or located to fill remaining data gaps), and how will the monitoring interval(s)

be selected.  Finally, clarify what contingency there is for monitoring the upper Floridian aquifer if

contamination is present in the Hawthorn formation below the source area(s).
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Response:  The available rationale for placing these wells is already presented in this section.

However, the need for and potential locations of these extra wells is uncertain at this time and

therefore developing a decision tree would not be efficient.   During the investigation, we expect

to present  the results and recommendations for additional wells to the partnering team for a

decision.   To clarify this approach, the text in the last paragraph of this section will be modified as

follows.

The locations of the permanent wells will be proposed to “the partnering team for a decision and

then be presented” in a work plan addendum...

Regarding well placement into the Floridan Aquifer, the Navy does not plan to install any wells

into this confined drinking water aquifer unless absolutely necessary.  The primary concern with

installing deep wells is that a monitoring well in this area could create a conduit from an area of

known contaminated groundwater into a high quality drinking water aquifer. Also, based on

current information, there is a confining unit present at the site (Hawthorne) and there should be

an upward gradient from the Floridan Aquifer into the surficial aquifer. The initial phase of the

temporary monitoring well program will confirm the presence of the confining unit.

9. Comment:  Page 4-3, section 4.2.1.3.  Please include discussion of whether or not the previously

observed contaminant concentrations are indicative of the presence of DNAPL, and what data

(which borings at what depths) is expected to substantiate the presence or absence of DNAPL.

Response:  The following statement will be modified as indicated.

Given the historical concentrations of chlorinated solvents in Site 45 soil and groundwater,

“isolated pockets of DNAPL may be at the site, and therefore” the presence of DNAPLs will be

investigated.

Also, the last sentence will be modified as follows.  A minimum of one sample per boring in the

source area “(area bounded by Panama, Samoa, and Kyushu Streets)” will be checked.  Also,

Tables 4-2, 7-1, and 7-2 will be revised to reflect 8 soil borings and 9 temporary monitoring wells

for DNAPL evaluations.

10. Comment:  Page 4-3, section 4.2.1.3, 6th sentence.  Please clarify what fluorescent techniques

will be used, how they will be applied, and what their limitations are (i.e., effective detection

limits).
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Response:  A reference to the evaluation technique will be added to the report.  But in general,

many organics will glow when light of a certain wavelengh is applied (e.g. ultraviolet light).

Detection limits don’t apply, but even small (spec size) globules of organics can be observed.

11. Comment:  Page 4-3, section 4.2.2.  Specify which model(s) are planned for use, and how the

modeling will be used to support the development and selection of remedial alternatives.

Response:  The following will be added to Section 4.2.2.

“BIOCHLOR and/or modflow/RT3D will be used for the modeling.”

12. Comment:  Section 4.2.  Please add references to section 6.0 or to the relevant standard

operating procedures in the descriptions of the various data collection activities, as applicable.

Response:  References will be added as requested.

13. Comment:  Page 4-3, section 4.2.1.2, 3rd and 4th paragraphs.  Clarify whether the data quality

of the samples from the temporary wells will be sufficient to support risk assessment and whether

it will be compared to the data from the permanent wells (i.e., a data quality comparison).  If only

the data from the permanent wells will be used for assessing risk from groundwater, please clarify

how this limited sample population will be sufficient to for risk assessment.

Response:  The following will be added to the referenced text.

“Because of the absence of laboratory documentation and data validation, the temporary

monitoring well data will not be used in the human health or ecological risks assessments.

Rather, data from the existing permanent monitoring wells coupled with data from potential future

permanent monitoring wells will be used for the risk assessments.”

There are currently 16 monitoring wells present at the site.  This number of wells is adequate for

risk assessment.

14. Comment:  Page 4-4, section 4.2.2.2.  Additional description of the method(s) planned for

performance and analysis of slug testing should be provided.  Additionally, the rationale and use

of the slug test data should be presented.  Since a pump and treat system is in place, pump
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testing of the new and existing wells could easily be performed and would provide much higher

quality aquifer characterization data.

Response:  The SOP for conducting slug tests will be added to the Appendix and referenced in

the text.

“The slug tests are to be conducted in the new monitoring wells.  Since these wells are likely to

be relatively remote from the existing groundwater extraction system, these tests will provide

additional characterization of the aquifer down gradient of the source area.”

Slug tests are conducted normally conducted in all permanent monitoring wells because they

provide reasonable quality data very efficiently.   While we concur that pump tests provide a much

higher quality of data, they are very expensive to conduct and the need for such a high quality of

data at all well locations is not anticipated at this time.   In the event that significant data gaps are

found, then additional pump tests can be considered.

15. Comment:  Page 4-6, section 4.2.5.  Include an analysis of the deficiencies with the previous air

sparging pilot test that necessitates further testing of this alternative.

Response:  Deficiencies were not noted with the previous air sparging test.  However, the

following statement will be added to Section 4.2.5.

“If the existing lithology is such that an air sparge/soil vapor extraction system is potentially viable

(relatively free of clay units as determined during the temporary monitoring well program), then an

air sparge/soil vapor extraction system will be evaluated in the source area of contamination.

Since the source area was an occupied building in the past, the test was conducted in an

adjacent clean area that may or may not be representative of site conditions. “

16. Comment:  Page 4-8, Table 4-2.  The text supporting the investigative summary does not clearly

explain/reference all of the activities presented in this table (e.g., collection of shelby tube

samples for testing of vertical hydraulic conductivity from the Hawthorn formation).  The

use/purpose of the data collected should be clearly explained, and the quantity and quality

requirements for the data should be justified in the text.  In general, RI data should be sufficient to

use for definition of the nature and extent of contamination, support risk assessment, and allow

for development of remedial alternatives.
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Response:  The proposed data collection is sufficient to define the nature and extent of

contamination, support risk assessment, and allow for the development of remedial alternatives.

Justification for the quantity and quality of samples and data collected consists of submitting the

approach to a group of experts (i.e. partnering team) for review, comment, and concurrence.  In

many cases, the number of samples and analyte list is based on previous experience of the

authors and reviewers.

17. Comment:  Page 5-1, section 5.1, 1st paragraph, 2nd sentence.  Please clarify what current and

historical data will be used to support the risk assessment (e.g., validated results from approved

fixed-base laboratories that is less than three years old).  Provide a summary table by media and

analyte group of the population of data anticipated to comprise the BRA.

Response:  The following statements will be modified as indicated below.

Analytical data generated under this work plan “for soils and groundwater from newly installed

permanent monitoring wells”, as well as “the most recent” historic data “consisting of groundwater

data from permanent monitoring wells”, will be used...

“Soils will be evaluated for site related contaminants of VOCs, as well as potential non site related

SVOCs and metal chemicals.”  Groundwater will be evaluated for VOCs contaminants.”

18. Comment:  Page 5-1, section 5.1, 2nd and 3rd paragraph.  A technical memorandum should be

considered as an appendix to this plan describing and justifying the risk assessment approach

(i.e., COC selection, pathways of concern, and receptors) following evaluation of the initial RI

data.

Response:  A human health risk assessment will be conducted in accordance with EPA

guidance.  Because of the EPA guidance available, the team does not have much flexibility in

deciding how the risk assessment will be conducted.  As in the past, prior to issuing the RI report,

the risk assessment will be presented to the partnering team for review and comment.

19. Comment:  Page 5-2, section 5.2, 1st paragraph.  The project risk assessment approach should

be agreed prior to completing the BRA (see specific comment 18).  The technical approach to

performing ecological risk assessment should reflect the results of the Partnering Team

ecological risk subcommittee.



REVISION 1
FEBRUARY 2001

090015/P RTC-10 CTO 0127

Response:  The site specific ecological risk assessment approach is presented in Section 5.2 of

the Work Plan for review and concurrence of the partnering team.  Approval of the Work Plan by

the EPA and SCDHEC establishes the approach.  Note that we plan to submit the results of the

investigation to the partnering team and barring the finding of unanticipated results, this approach

is the only planned ecological evaluation for this site. As discussed below, we do not anticipate

the findings of the ecological risk subcommittee to effect the Site 45 work.

The purpose of the ecological group is to help establish sediment PRGs at landfills encroaching

on wetlands.  The ecogroup was formed because these sites are complex with multiple types of

contaminants (PCBs, pesticides, PAHs, SVOCs, and metals) that are present in sediments at

ecologically unacceptable concentrations.  These contaminants are relatively toxic at low

concentrations to the benthic community and are persistent in the environment.  Additionally,

most of these contaminants biomagnify through the food chain.  Because of these complexities,

the ecological subgroup was established to focus specifically on resolving those issues so that

consensus could be reached

Site 45 is different, because Site 45 is primarily a human health/regulation driven site and

ecological concerns are not expected to be significant.  The most recent estimate of the extent of

contamination indicates that the contaminated groundwater is relatively distant from the nearest

potential ecological receptors and contaminants are not migrating very fast.  Also, the site

contaminants are VOCs which do not biomagnify and are not persistent in the environment.

20. Comment:  Page 6-2, section 6.3.2, 2nd paragraph, 2nd sentence.  Please further describe the

"stainless steel drive rods" to be used for groundwater sampling.  Is this a well point assembly or

just an open ended drive rod?

Response:  The sentence will be modified as follows.

Next, stainless steel drive rods, “with slots on the side of the tube” will be driven to sample depth.

21. Comment:  Page 6-4, section 6.4.1, 1st paragraph, 1st sentence.  Clarify how stability of the

groundwater field parameters will be established.

Response:  Since the temporary monitoring wells are for VOCs and the wells are being driven

into undisturbed media, the statement “and these readings have become stabilized.” will be

deleted.
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22. Comment:  Page 6-4 through 6-5, section 6.4.2.  Provision for the development of the permanent

monitoring wells should be included.  The well development criteria should meet or exceed EPA

standards as specified in Environmental Investigations Standard Operating Procedures and

Quality Assurance Manual (EPA, 1996).

Response:  Well development is stated is the last paragraph of this section, which references the

Master Work Plan.

23. Comment:  Page 7-2, section 7.3.1, 2nd sentence.  The site-specific Quality Assurance Plan

(section 8.0) does not contain the referenced information, but does further cross-reference to

section 10.0 where the container requirements are specified.  Please reference the appropriate

section, and see specific comment 27 regarding the required content for a project QAP.

Response:  The referenced sentence will be modified as follows.  “Sample handling

requirements for this investigation are presented in Section 10.0.  “

24. Comment:  Page 7-3, section 7.3.4, 3rd sentence.  The referenced standard operating procedure

may need to be changed to SA-6.3 for sample custody.  It should be noted that the definition of

custody and specific requirements for the maintenance of custody are not specified in either SOP.

Response:  The sentence will be modified to reference both SA-6.1 and SA-6.3.

25. Comment:  Page 7-5, Table 7-1.  This presentation of planned soil data collection is helpful in

discriminating the locations and data types for the "nature and extent" and the "groundwater

modeling" borings.  The text in sections 4.0 and 7.0 should more closely/clearly correspond with

this table.  The quantity, type, locations and sample identifiers should be presented in the text,

and these should correspond to the DQOs.

Response:  The presentation in the text is adequate for our needs.  We normally use the tables

as a check list for collecting samples.

26. Comment:  Page 7-6 and 7-7, Table 7-2.  Please include TCL VOAs for the permanent

monitoring wells on this table.

Response:  At this time, it is uncertain as to whether additional permanent monitoring wells will

be installed.  If the wells are to be installed, then a separate analytical table will be submitted with

the monitoring well installation addendum.
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27. Comment:  Page 8-1, section 8.0.  This section, including the referenced information, does not

meet EPA Quality Assurance Plan (QAP) requirements.  A review of the Master QAP indicates

that appropriate generic/sitewide content (e.g., audit and corrective action processes) is included,

however there remains significant project-specific content that is not presented in the project

Work Plan.  An EPA QAP checklist is attached to assist the Navy in meeting the relevant

requirements.  If the project QAP content will be presented across various portions of the project

Work Plan and Master Work Plan, it is recommended that a crosswalk table be prepared to

facilitate evaluation.

Response:  The EPA QAP checklist as a cross walk table is attached.

28. Comment:  Page 9-1, section 9.1.  Figure 9-1 was missing from the review copy of the Work

Plan provided.

Response:  Figure 9-1 will be included in the revised report.

29. Comment:  Page 10-1, section 10.0, 1st sentence.  Clarify what "DQO statements" are being

referred to.  It is agreed that the project QC requirements should be the result of data needs

identified during the DQO process.  That this is the case is not clear.

Response:  Figure 1-2 will be referenced in this sentence.

30. Comment:  Page 10-1, Table 10-1.  Clarify whether these QC requirements are intended to be

applied to geotechnical samples as well.  Also, clarify what site conditions might require the use

of field blanks.

Response:  The first sentence in Section 10.2.1 will be revised as follows.  Table 10-1

summarizes the frequency and type of QA/QC samples to be collected “for data to be validated

and includes analytical testing of soils (all) and groundwater from permanent monitoring wells.

Soil testing for geotechnical parameters and groundwater testing for quick turn around VOCs will

not be subjected to these field QC samples.  However, groundwater testing for quick turnaround

testing will include trip blanks for each cooler plus 10 percent of the samples as duplicates being

submitted for confirmation testing. “

Frequency for Field Blanks and Equipment Rinsate Blanks will be changed to “1 every 2 days1.”

Where, “1 - Blanks are to be collected and analyzed to document the effectiveness of the
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decontamination procedure when reusable sample equipment comes in direct contact with

samples to be analyzed.”

Note that field blanks and equipment blanks are not expected to be used in during this program.

31. Comment:  Page 10-3, section 10.7.  The extent of data validation should also be a result of the

DQO process.

Response:   Full data validation will be conducted on all samples submitted to the laboratory for

TCL/TAL analysis.
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SOUTH CAROLINA DEPARTMENT HEALTH AND ENVIRONMENTAL CONTROL
COMMENTS ON DRAFT REMEDIAL INVESTIGATION/RCRA

FACILITY INVESTIGATION WORK PLAN SITE/SWMU 45
MCRD PARRIS ISLAND, SC6 170 022 762

1. Comment:  Section 4.2.1.3, This section states that fluorescence techniques will be performed to

identify potential DNAPL if a PID reading greater than 50 ppm is detected.  Please describe how the

50 ppm criterion was selected as the first stage in the identification of potential DNAPL presence.

Response:  The 50 ppm criteria is based on both field experience and theoretical considerations and

is intended to be very conservative.  Based on experience at sites in which free floating light

petroleum product (e.g. diesel) is present, soil gas concentrations of greater than 1000 ppm are

normal.  Also, on a theoretical basis, the reported vapor pressure of pure tetrachloroethene at 57oF

is approximately 13,000 ppm. 

2. Comment:  Section 5.1, Page 5-1, 2nd paragraph, This section states that the groundwater will not

be identified as a pathway of concern in the risk assessment if it is deemed unpotable.  Please be

advised that all groundwater within the state of South Carolina is classified as a potable drinking water

source.  Consequently, this pathway must be evaluated in the risk assessment regardless of the

turbidity, dissolved solids, TOC, etc.

Response:   The South Carolina classification is a promulgated regulation and the site remediation

goals will specially address the groundwater classification at the site as such (as an ARAR). 

However, the risk assessment is based on reasonable uses of the site and should be conducted

independent of the state classification.  As such, the proposed approach does not conflict with state

regulations.   Regardless, for this site, the groundwater is expected to be of potable quality, and

therefore a human health risk assessment will be conducted for the groundwater medium.   

  3. Comment:  Section 5.1, Page 5-1, It is stated that sediment contamination will be modeled based

upon partitioning coefficients.  Please be advised that it may be necessary to collect actual surface

water and sediment samples based upon the results of the groundwater investigation (i.e. if

contaminated groundwater is discharging to Ballast Creek).

Response:  Based on the distance to the surface water relative to expected groundwater flow and

natural attenuation rates, contaminated groundwater is not expected to be discharging into the

surface water.  The referenced text on page 5-1 is based on an expected computer model output that
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will project a maximum chemical concentration at the surface water at some time in the future.  If the

delineation portion of the study finds that contaminated groundwater is actually discharging to the

surface water at this time, then surface water and sediment samples will likely need to be collected.

4. Comment:  General, Please include a figure identifying the location of Ballast Creek relative to

SWMU 45. 

Response:   A new figure will be added to Section 7.0 showing SWMU 45, the planned locations of

SB-11, 12, and 13, and Ballast Creek. 

5. Comment:  Figure 2-1, Please clearly identify the pertinent features such as asphalted areas, grassy

areas, etc…  This will facilitate the review of the document and potentially reduce the number of

comments generated by the Department.

Response:  Asphalt areas at the site consist of the roadways and the two areas shown as “Asphalt

Parking Lot”.  Other than the areas shown as buildings, “Above Ground Storage Tanks”, and

sidewalks adjacent to the road, the balance of the site is grass covered.  A figure will be highlighted

and provided to SCDHEC for their use. 
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DQO STEP 
(QA/R-5 A.3) COMMENTS REFERENCE(S)/COMMENT EXPLANATION

A1.  Title and Approval Sheet
Title P Site 45 RI/RFI Work Plan Title Page
Organization's name P Site 45 RI/RFI Work Plan Title Page
Dated signature of project manager P Site 45 RI/RFI Work Plan Title Page
Dated signature of quality assurance officer NA Project Manager documents QA process
Other signatures, as needed P Site 45 RI/RFI Work Plan Title Page

A2. Table of Contents P Site 45 RI/RFI Work Plan Title Page
A3. Distribution List P Site 45 RI/RFI Work Plan Transmittal Letter
A4. Project/Task Organization 1

Identifies key individuals, with their responsibilities (data-
users, decision-makers, project QA manager, subcontractors, 
etc.)

P Site 45 RI/RFI Work Plan Sec. 9.2

Organization chart shows lines of authority and reporting 
responsibilities. P Site 45 RI/RFI Work Plan Figure 9-1

A5. Problem Definition/Background 1 & 2

Clearly states problem or decision to be reached P Site 45 RI/RFI Work Plan Section 2.4 (As 
Revised)

Provides historical and background information P Site 45 RI/RFI Work Plan Section 2.0
A6. Project/Task Description 1, 2, 3 & 6

Lists measurements to be made P Site 45 RI/RFI Work Plan Table 4-2
Cites applicable technical, regulatory or program-specific 
quality standards, criteria or objectives P Site 45 RI/RFI Work Plan Sections 5.1 and 5.2

Notes special personnel or equipment requirements P Master Work Plan Vol. I Section 3
Provides work schedule NA SMP with regular partnering team updates

Notes required project and QA records/reports P Master QAP Section 7.0, Master Work Plan Vol. 
II

A7. Quality Objectives and Criteria for Measurement Data 4, 5 & 6
States project objectives and limits, both quantitatively and 
qualitatively P Site 45 RI/RFI Work Plan Sections 1.1 and 4.1 

(As Revised)
States and characterizes measurement quality objectives as to 
applicable action levels or criteria P Master QAP Section 3.2

States appropriate temporal and spatial boundaries P Site 45 RI/RFI Work Plan Section 7.0
States "scale of decision making" P Site 45 RI/RFI Work Plan Section 4.0

ELEMENT
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DQO STEP 
(QA/R-5 A.3) COMMENTS REFERENCE(S)/COMMENT EXPLANATIONELEMENT

A8. Special Training Requirements/Certification Listed
States how provided, documented, and assured P Master Work Plan Vol. II HASP Section 8.1

A9. Documentation and Records 3 & 7
Lists information and records to be included in the data report 
(e.g. raw data, field logs, results of QC checks, problems 
encountered)

P Master QAP Chapter 8.0

States requested lab turnaround time P Site 45 RI/RFI Work Plan Section 4.2

Gives retention time and location for records and reports P Master QAP Chapter 7.0 (Stored at Pittsburgh 
office seven years after end of contract)

Sampling Process Design (Experimental Design)
States the following:

Type and number of samples required P Site 45 RI/RFI Work Plan Tables 7-1 and 7-2
Sampling design and rationale P Site 45 RI/RFI Work Plan Chapter 4.0

Sampling locations and frequency P Site 45 RI/RFI Work Plan Figures 7-1 and 7-2
Sample matrices P Site 45 RI/RFI Work Plan Tables 7-1 and 7-2
Classification of each measurement parameter as either 
critical or needed for information only NA All sampling at Site 45 critical

Appropriate validation study information, for nonstandard 
situations NA No nonstandard situations expected

B2. Sampling Method Requirements 3 & 7
Identifies sample collection procedures and methods P TtNUS SOPs SA-1.1 and SA-1.3
Lists equipment needs P Site 45 RI/RFI Work Plan Sections 6.3 and 6.4
Identifies support facilities NA Subcontractors to be decided upon
Identifies individuals responsible for corrective action P Master QAP Section 2.0
Describes process for preparation and decontamination of 
sampling equipment P TtNUS SOP SA-7.1

Describes selection and preparation of sample containers and 
sample volumes P Site 45 RI/RFI Work Plan Table 10-2

Describes preservation methods and maximum holding times P Site 45 RI/RFI Work Plan Table 10-2

B3. Sample Handling and Custody Requirements
Notes sample handling requirements P Site 45 RI/RFI Work Plan Section 6.1
Notes chain-of-custody procedures, if required P Site 45 RI/RFI Work Plan Section 6.3

B1. 5 & 7
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B4. Analytical Methods Requirements 3 & 7
Identifies analytical methods to be followed (with all options) 
and required equipment P Site 45 RI/RFI Work Plan Table 10-2

Provides validation information for nonstandard methods NA No nonstandard method necessary
Identifies individuals responsible for corrective action P Master QAP Section 2.3
Specifies needed laboratory turnaround time P Site 45 RI/RFI Work Plan Table 10-2

B5. Quality Control Requirements 3
Identifies QC procedures and frequency for each sampling, 
analysis, or measurement technique, as well as associated 
acceptance criteria and corrective action

P Site 45 RI/RFI WP Table 10-1, Master QAP 
Sections 3.2 and 3.3

References procedures used to calculate QC statistics 
including precision and bias/accuracy P Master QAP Section 3.2

B6. Instrument/Equipment Testing, Inspection, and 
Maintenance Requirements 3

Identifies acceptance testing of sampling and measurement 
systems P Master QAP Section 6.6

Describes equipment preventive and corrective maintenance P Master QAP Section 6.6

Notes availibility and location of spare parts NA Not applicable.  Critical spare parts not an issue

B7. Instrument Calibration and Frequency 3
Identifies equipment needing calibration and frequency for 
such calibration P Master QAP Section 6.6, Master FSP Section 

2.5

Notes required calibration standards and/or equipment P Master QAP Section 6.6, Master FSP Section 
2.5

Cites calibration records and manner traceable to equipment P Master QAP Section 6.6, Master FSP Section 
2.5

B8. Inspection/Acceptance Reqirements for Supplies and 
Consumables
States acceptance criteria for supplies and consumables NA To be determined during field sampling
Notes responsible individuals P Site 45 RI/RFI Work Plan Section 9.2
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B9. Data Acquisition Requirements for Nondirect 
Measurements 1 & 7

Identifies type of data needed from nonmeasurement sources 
(e.g., computer data bases and literature files), along with 
acceptance criteria for their use

NA Previous sampling results used solely as 
background information

Describes any limitations of such data NA Historic sampling data previously approved
Documents rationale for original collection of data and its 
relevance to this project P Site 45 RI/RFI Work Plan Section 2.3

B10. Data Management 3 & 7
Describes standard record-keeping and data storage and 
retrieval systems P Master QAP Section 8.4, TtNUS SOP CT-05 

Section 5.0 (To be provided)
Checklists or standard forms attached to QAPP P TtNUS SOP CT-05 Attachment A
Describes data handling equipment and procedures used to 
process, compile, and analyze data (e.g., required computer 
hardware and software  

P Master QAP Section 8.4, TtNUS SOP CT-05 
Section 3.0 (To be provided)

Describes process for assuring that applicable Office of 
Information Resource Management requirements are satisfied P Master QAP Section 8.4, TtNUS SOP CT-05 

Section 3.0 (To be provided)

C1. Assessments and Response Actions 7
Lists required number, frequency and type of assessments, 
with approximate dates and names of reponsible personnel 
(assessments include, but are not limited to, peer reviews, 
management system reviews, technical system audits, 
performance evaluations, and audits of data quality.

P Master QAP Section 9.0

Identifies individuals responsible for corrective action P Master QAP Section 10.0
Reports to Management
Identifies frequency and distribution reports for:
Project status NA Partnering team meeting minutes
Results of performance evaluations and audits P Master QAP Section 9.0
Results of periodic data quality assessments P Master QAP Section 9.0
Any significant QA problems P Master QAP Section 8.2
Preparers and recipients of reports P Master QAP Section 9.0

C2.
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D1. Data Review, Validation, and Verification 7

States criteria for accepting, rejecting, or qualifying data P Master QAP Sections 3.0 and 8.0, TtNUS SOP 
CT-03

Includes project-specific calculations or algorithms P Master QAP Section 3.0, TtNUS SOP CT-03
D2. Validation and Verification Methods 3

Describes process for data validation and verification P Master QAP Section 8.2, TtNUS SOP CT-03
Identifies issue resolution procedure and responsible 
individuals P Master QAP Section 9.0

Identifies methods for conveying these results to data users P Master QAP Section 9.0, TtNUS SOP CT-05 
Sections 5.8 and 5.9 (To be provided)

D3. Reconciliation with User Requirements 7
Describes process for reconciling project results with DQOs 
and reporting limitations on use of data P Site 45 RI/RFI Work Plan Section 10.0

DQO Steps: Comments:
1 - State the Problem P - Present and Acceptable
2 - Identify the Decision I - Incomplete
3 - Identify Inputs to the Decision NP - Not Present
4 - Define the Study Boundaries NA - Not Applicable
5 - Develop a Decision Rule
6 - Specify Limits on Decision Error
7 - Optimize the Design

Abbreviations:
WP - Work Plan
QAP - Quality Assurance Plan
HASP - Health and Safety Plan
SOP - Standard Operating Procedure
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1.0  INTRODUCTION

This work plan for the Remedial Investigation (RI)/RCRA Facilities Investigation (RFI) field activities at the

Site/Solid Waste Management Unit (SWMU) 45 – Morale, Welfare and Recreation (MWR) Dry Cleaning

Facility, Marine Corps Recruit Depot (MCRD) Parris Island, South Carolina, has been prepared by Tetra

Tech NUS, Inc. (TtNUS) for the Southern Division (SOUTHDIV) Naval Facilities Engineering Command

(NAVFAC) under the Navy Comprehensive Long-Term Environmental Action Navy (CLEAN) Program,

Contract Number N62467-94-D-0888, Contract Task Order (CTO) 0127.  This work plan outlines the

requirements and describes the procedures for performing a field investigation at Site/SWMU 45.  It is

intended for use in conjunction with the Master Work Plan, Volumes I, II, and III for the MCRD Parris

Island [Brown and Root (B&R) Environmental, 1998].

MCRD Parris Island is located along the southern coast of South Carolina, approximately 1 mile south of

the city of Port Royal and 3 miles south of the city of Beaufort within Beaufort County.  MCRD Parris Island

covers approximately 8,047 acres and consists of dry land, salt marshes, saltwater creeks, and ponds, as

shown in Figure 1-1.  MCRD Parris Island is the reception and recruit training facility for the Marine Corps

for enlisted men from states east of the Mississippi River and enlisted women nationwide.

For the remainder of this document, Site/SWMU 45 will be referred to as Site 45 for ease of reading and

clarity; however, this site is recognized and designated as a Resource Conservation and Recovery Act

(RCRA) SWMU by the state of South Carolina.

1.1 SCOPE AND OBJECTIVE

On March 11, 1994, a perchloroethylene (PCE) spill of unknown quantity was released into soils near the

above-ground PCE storage tanks of Site 45.  It was reported that one of the tanks was overfilled, causing

the liquid PCE to spill onto the concrete catch basin and subsequently to the surrounding surface soils.  It

is also believed that many smaller spills have occurred at the tanks, and, due to the action of rainwater,

PCE from these smaller spills could have been released into the soils as well.

PCE, also known as tetrachloroethene, is a chlorinated hydrocarbon used in many commercial

applications, including chemical syntheses, dry cleaning, and metal degreasing.  It is a nonflammable

volatile organic compound (VOC) that can leach into groundwater if released into the environment.  U.S.

Environmental Protection Agency (U.S. EPA) studies have shown that elevated levels of oral PCE intake

by biological receptors may have significant impacts on neurological, renal, and hepatic functions and may

also, through natural metabolic processes, cause genetic aberrations leading to higher cancer risks.
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The objectives of this investigation are to characterize the nature and extent of contaminant migration

from past PCE releases at Site 45.  The media of concern that will be investigated are soil and

groundwater located in the vicinity of Site 45.

Data collected from this investigation will be used to assess the human health risks associated with

potential direct contact with contaminants.  Human health risks to construction workers, site employees

(maintenance and other), adolescent trespassers, and future residents will be assessed, as well as risks

to ecological receptors.  Based on this information, decisions for remedial action will be evaluated and

determined.

1.2 DATA QUALITY OBJECTIVES

This work plan was developed using the data quality objective (DQO) process.  The DQO process is a

focused, iterative process for developing data collection to support decision-making.  The goal of the

process is to conduct investigations in an efficient and effective manner without unnecessary precision or

redundancy of data.  The process consists of seven steps, ordered in a downward decision flow.  A flow

diagram with descriptions of each step is provided in Figure 1-2.  The DQO process is further explained in

Volume I, Section 1.2.2, of the Master Work Plan (B&R Environmental, 1998).

1.3 PLANNING DOCUMENT ORGANIZATION

This work plan is intended to be used in conjunction with the Master Work Plan for MCRD Parris Island

(Volumes I through III) and references the Master Work Plan where appropriate.  This work plan includes

the site-specific information to be used for sampling at Site 45, and the Master Field Sampling Plan (FSP)

and the Master Quality Assurance Plan (QAP) provide general information that is applicable to all sites on

MCRD Parris Island.  Sections 1.0 through 4.0 of this site-specific work plan identify the project scope and

objectives, summarize background information and existing data, and present the proposed sampling.

Section 5.0 discusses the human health and ecological risk assessment.  Sections 6.0 and 7.0 are the

site-specific FSP.  Sections 8.0 through 10.0 of this document describe the quality assurance and quality

control (QA/QC) measures for ensuring usable data are obtained.
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•Statement of the action-based decision to
resolve problem (Section 4.0)

•Identification of measurable variables
and action levels to support decisions
(Section 5.0)

•Definition of sampling population, and spatial
and temporal boundaries and limitations
(Section 4.0)

•Single statement synthesizing previous steps
and summarizing how data will be used to make
a decision (Section 4.2 and Master Work Plan,
Volume III)

•An “if...then” statement defining values for
deciding between alternative actions (Section
4.2 and Master Work Plan, Volume III)

•Definition of acceptable limits of decision error
and potential consequences of incorrect
decisions (Section 4.2 and Decision Document;
Master Work Plan, Volume III)

•Development of alternative sampling designs
and selection of most effective design for
sampling and analysis (Section 4.2)

•Definition of problem for data collection
(Section 2.4)

•Review of historical & background information
(Section 2.0)

•Preliminary assessment of existing data (Section
3.0)
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2.0  SITE BACKGROUND

This section presents a brief history of Site 45 – MWR Dry Cleaning Facility.  It describes the existing site

conditions and summarizes previous investigation results.  Figure 2-1 illustrates the layout of Site 45 at the

MCRD Parris Island facility.

2.1 SITE DESCRIPTION AND HISTORY

Site 45 – MWR Dry Cleaning Facility is a building located in the Main Post area of MCRD Parris Island,

between Panama Street to the north, Kyushu Street to the south, and Samoa Street to the east.  West of

the facility are other commercial establishments, including a cobbler, a tailor, and a coin-operated laundry

facility.

Four aboveground storage tanks are situated along the northern side of the building.  These tanks were

first put into place in 1988, following the removal of an underground storage system where hydrocarbon

cleaning solvents were previously stored.  The new storage tanks are positioned within a concrete catch

basin used to contain any overflow during tank filling.

It was reported that, on March 11, 1994, one of the tanks was overfilled with PCE.  An unknown amount of

the contaminant flowed into the concrete catch basin.  The PCE overflow was not collected at that time,

and heavy rainfall subsequently washed the contaminant onto the surrounding soil.

2.2 SITE HYDROGEOLOGY

A summary of the site hydrogeology for Site 45 is provided in this section.

2.2.1 Surficial Aquifer

The surficial, or water-table, aquifer at Site 45 is unconsolidated and consists of shallow Pleistocene to

Holocene age, fine-grained sedimentary deposits of the Pamplico and Waccamaw Formations (Hughes et

al., 1989).  Based upon previous investigations at the site, the upper 20 feet of sediment consists of very

fine, yellow-brown sand with traces of clay and silt with thin (approximately 6 inches thick), discontinuous

layers of greenish-gray silty clay.

The water table was encountered at a depth of 3 to 4 feet bgs at each soil boring installed during a

December 1996 Bechtel investigation.  Water-table elevations recorded during the 1996 investigation

ranged from a high of 5.02 feet above msl at the northwestern portion of the site to a low of 4.04 feet
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above msl in the southwest.  The general groundwater flow direction is the to southeast, with a gradient of

0.003 (Bechtel, 1997b).

The nearest surface water body is Ballast Creek, which lies approximately 2,000 feet south-southeast of

the MWR Dry Cleaning Facility.

2.2.2 Confining Layer

The surficial aquifer is underlain by the unconsolidated, Miocene age Hawthorn Formation (Hughes et al.,

1989).  The Hawthorn Formation is comprised of phosphatic sand and clay and hydraulically separates the

unconfined surficial aquifer from the underlying artesian Floridan Aquifer (Hassen, 1985).  The thickness

of the Hawthorn Formation at Site 45 is anticipated to be between 20 and 40 feet [Naval Energy and

Environmental Support Activity (NEESA), 1986].  Hughes, et al. (1989) calculated the leakage through the

Hawthorn Formation to be 0.0002 cubic feet per day for every foot of head difference (using an average

formation thickness of 30 feet and a vertical hydraulic conductivity of 0.006 feet/day).

2.2.3 Floridan Aquifer

The principal source of groundwater used for consumption in the Beaufort County, South Carolina area is

the Floridan Aquifer (Smith, 1987).  This artesian aquifer system is contained within the Santee Limestone

Formation, has a total thickness of approximately 1,000 feet, and is divided into the Upper Unit and the

Lower Unit.  The Upper Floridan Aquifer is contained within the late Eocene Age Ocala Limestone

(NEESA, 1986).

The lithology of the upper portion of the Ocala Limestone consists of bioclastic limestone and is highly

permeable.  The lower portion of the Upper Floridan Aquifer consists of sandy to clayey limestone and

marl and hydraulically separates the Upper Floridan Aquifer from the Lower Floridan (Bechtel, 1997b).

The only public supply well identified within a 1/4-mile radius of MCRD is located approximately 3,000 feet

west-northwest of Site 45.  The well was once used as a hot water source (Sirrine Environmental

Consultants, Inc., 1991).  It is currently not in use but has not been abandoned.

2.3 PREVIOUS INVESTIGATIONS

2.3.1 Initial Assessment and Soil Remediation

Three days after the reported PCE spill occurred in 1994, Parris Island personnel took one sample from

the water in the concrete catch basin and another from the soil near the discharge pipe of the basin.  The

soil sample was shown to have a PCE concentration of 3,000,000 µg/kg, and the water sample
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2,000,00 µg/L.  After these results were received, 17 other soil samples were collected in the vicinity of the

tanks and along Panama Street.  The results of these samples showed a range of soil contamination from

nondetections to 250,000 µg/kg.  After evaluation of the results, Parris Island personnel excavated seven

55-gallon drums of contaminated soils for disposal at an off-site incineration facility (S&ME, 1994).

2.3.2 Contamination Assessment and Conceptual Corrective Action Plan (S&ME, 1994)

After the soil removal, the MWR contracted S&ME, Inc. to perform a PCE Contamination Assessment and

Corrective Action Plan.  In April 1994, S&ME initiated the study by installing three piezometers to study

groundwater flow and direction.  In addition, two piezometer water samples, 25 water samples [(4 to 5 feet

below ground surface (bgs)]; two water samples (8 feet bgs), five water samples (12 feet bgs), three hand-

auger-collected soil samples, and one catch basin water sample were collected.

Sixteen of the 32 groundwater samples that underwent field gas chromatograph (GC) analysis exhibited

detectable amounts of PCE, with concentrations ranging from 13.92 to 5,147 µg/L.  Six groundwater

samples were also sent to a fixed-based laboratory for analysis.  Of these samples, PCE was detected in

three of six samples at concentrations ranging from 1.3 to 370 µg/L, and trichloroethene (TCE) was

detected in three of six groundwater samples at concentrations ranging between 7.3 and 840 µg/L.  Also,

cis-1,2 dichloroethene (DCE) was detected in five of six samples at concentrations ranging between 2.7

and 9,250 µg/L.

Two piezometer groundwater samples (PZ-4 and PZ-5) were also analyzed for petroleum-based

contaminants.  No contaminants were found in the matrix at PZ-4.  However, PZ-5 was shown to have

nine other contaminants, in addition to chlorinated hydrocarbons.  The contaminants included

ethybenzene (5.6 µg/L), 1-ethyl-2-methylbenzene (31 µg/L), 1-ethyl-3 methylbenzene (39 µg/L), 2-ethyl-

1,4-dimethylbenzene (21 µg/L), naphthalene (18 µg/L), toluene (24 µg/L), 1,2,4-trimethylbenzene

(223 µ/L), 1,3,5-trimethylbenzene (31 µg/L), and xylene (25 µg/L).

Of the three soil samples, PCE was detected in only one (PZ-5s), at a concentration of 44.1 µg/kg.  This

sample also contained decane (7,700 µg/kg), 2-methylnonane (1,100 µg/kg), 2-piperidinone (2,300 µg/kg),

2,3,4-trimethylheptane (1,000 µg/kg), 2,3,6-trimethyloctane (1,000 µg/kg), 2,3,7-trimethyloctane

(1,000 µg/kg) and 2,5,6-trimethyldecane (1,300 µg/kg).

S&ME’s final conclusion was that the soils surrounding the site contained elevated levels of PCE, which

had begun to migrate into the surficial aquifer.  A pump and treat system was proposed to remove PCE-

contaminated water from the aquifer.
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2.3.3 Technical Memorandum for Groundwater Evaluation and Air Sparging Pilot Study at

Building 193 (Bechtel, 1997a)

In the summer of 1996, Bechtel Environmental conducted a soil and groundwater investigation to establish

baseline soil and groundwater contamination levels and determine the stratigraphy of Site 45.

Initially, groundwater samples were collected with direct-push technology and analyzed with a field GC.

Analytical results indicated that a plume of PCE, TCE, 1,2-DCE, and vinyl chloride existed at

concentrations exceeding regulatory limits.  Based on these results, 16 permanent monitoring wells were

installed at Site 45.  The wells were established at eight locations surrounding the site using direct-push

technology.  The monitoring wells were installed in pairs, with one completed at approximately 7.5 feet bgs

and the other at 15.5 feet bgs.  All groundwater samples were analyzed for VOCs, chloride, nitrates and

sulfates.

The results of the analysis confirmed VOC migration to groundwater.  PCE concentrations ranged from

nondetect at 193-1MW-S to 32,000 µg/L at 193-8MW-S in the shallow wells and nondetect at 193-1MW-D

to 60,000 µg/L at 193-7MW-D in the deep wells.  Additionally, TCE was detected in five shallow wells

(193-4MW-S, 5MW-S, 6MW-S, 7MW-S, and 8MW-S), at concentrations ranging from 2.9 to 4,900 µg/L

and was also found in five deep wells (193-2MW-D, 5MW-D, 6MW-D, 7MW-D, and 8MW-D), at

concentrations of 0.64, 77, 2,800, 15,000, and 1,400 µg/L respectively.  In five shallow monitoring wells

(193-3MW-S, 5MW-S, 6MW-S, 7MW-S, and 8MW-S), cis 1,2-DCE was found at concentrations ranging

from 2.3 µg/L to 1,100 µg/L.  This VOC was also detected in the adjacent deep monitoring wells.  The

concentrations of cis 1,2-DCE in these wells ranged from 3.8 µg/L at 193-5MW-D to 3,800 µg/L at

193-7MW-D.  Two VOCs, trans 1,2-DCE and vinyl chloride, were found only at one location (193-6MW-S),

with concentrations of 8.3 µg/L and 170 µg/L, respectively.

During the drilling of monitoring wells 193-6MW-D, 7MW-D, and 8MW-D, soil samples were collected at

the 1- to 3-foot bgs interval, as well as the 5- to 7-foot bgs interval.  These six samples were then analyzed

for VOCs.  PCE was detected at the 5- to 7-foot interval of 193-8MW-D at an estimated concentration of

1,100 µg/kg.  PCE was detected in four other samples ranging from 1 J to 32 µg/kg.  TCE was detected in

five samples at concentrations ranging from 0.8 J to 80 µg/kg, and cis 1,2-DCE was detected in four

samples at concentrations ranging from 0.9 J to 22 J µg/kg.

Figure 2-2 presents isocontours depicting the extent of groundwater contamination based on 1996

groundwater data.



REVISION 1
FEBRUARY 2001

090015/P 2-5 CTO 0127

2.3.4 Summary Report For Air Sparging Pilot Test (Bechtel, 1997b)

In December 1996, Bechtel, Inc. conducted an air sparging pilot study at Site 45 to determine whether air

sparging was a viable remedial option for site contaminants.  Objectives of the pilot study included

determining the radius of influence of the one air sparging well installed for the study and the optimum air

injection rate and pressure at the air sparging well.

One air sparge well was constructed for the pilot study (193-1-MW-D) north of the dry cleaning building in

a clean area.  This well was installed 14 feet bgs.  Five observation wells were also installed to monitor the

pilot study.  193-1-MW-S was installed 7 ft bgs 2 feet south of 193-1-MW-D.  Two temporary well clusters

of two wells each were installed at 10 and 20 feet distances from the air sparging well.  Each well cluster

had a shallow and deep well of 7 and 14 ft bgs.

The pilot test concluded that air sparging was effective through the layer of finer material at the 7 foot

level.  The study recommended a radius of influence of 15 feet and a design capacity of 5 standard cubic

feet per minute per well.

2.3.5 Engineering Evaluation and Interim Removal Remedial Work Plan (Bechtel, 1997c)

An Engineering Evaluation and Interim Removal Remedial Work Plan (EE/WP) evaluated the results of

the air sparging study, as well as other technologies for interim remedial action at Site 45.  The results of

Engineering Evaluation recommended a pump and treat system to prevent the migration of groundwater

contaminants until a comprehensive RI could take place.

This pump and treat system is currently in operation and consists of three electric recovery pumps,

groundwater discharge piping, fittings, flow counters, limit switches, and accessories.  Additionally, the

system includes a low profile air stripper for removing VOCs from the groundwater.  Lastly, the system

includes a pumping system for discharging the treated groundwater to an adjacent sewer manhole for

ultimate discharge to the Depot’s wastewater treatment facility.

2.4 STATEMENT OF PROBLEM

Based on documented and undocumented spills of PCE, as well as the results of previous investigations

at Site 45, it has been determined that environmental media have been affected at the site and that further

evaluation is needed to determine potential risks to human health and ecological receptors.

Specific potential concerns at this site are as follows:
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1. The soils associated with the reported solvent spill were remediated at the time of the spill.

However, based on the current distribution of groundwater contamination, groundwater may have

been impacted from more than just the reported spill area, and therefore, additional contaminated

soils may be present at the site.  Potentially impacted soils may consist of both surface and

subsurface soils.  The potential concerns with the impacted soils are direct exposure to human

health and contaminant migration to groundwater.  Potential source areas at the site would consist

of unlined waste accumulation areas, dry cleaning units, and cracks in the building floor.

2. The extent of the groundwater contamination was previously delineated in the horizontal direction

and was also likely delineated in the vertical direction.  Since that time, a groundwater extraction

and treatment system was installed to contain or reduce the migration of contaminated

groundwater.  The effectiveness of this system in containing groundwater contamination is

uncertain.  As a result, the current vertical and horizontal extent of groundwater is undefined.

3. There are no nearby receptors of groundwater.  However, contaminated groundwater may be

migrating toward a tidal stream of the Beaufort River, approximately 2000 feet south-southeast of

the site.

4. Contamination may be migrating downward, either with the groundwater or as a DNAPL.  A clay

unit at the site likely restricts vertical migration downward into the underlying groundwater aquifer

(Floridan).  In addition, the water head gradient from the Floridan aquifer at this site is expected to

be upward, and therefore, limit potential contamination of the underlying aquifer.  The rate of

migration, contaminant attenuation (monitored natural attenuation), and potential impacts of the

contaminated groundwater on ecological receptors is uncertain.
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3.0  PRELIMINARY ASSESSMENT

This section presents a conceptual model and discussion of potential migration and human and ecological

exposure pathways of contaminants from Site 45.  Figure 3-1 presents a conceptual model of the site.  A

detailed discussion of potential receptors, media of concern, and exposure routes is found in Section 5.0.

3.1 SURFACE WATER

Site 45 is located in the main post area of MCRD Parris Island and, therefore, surface water is limited to

rainfall runoff and small ephemeral pools of standing rain water.  The nearest surface water body is

Ballast Creek, which lies approximately 2,000 feet south-southeast of the MWR Dry Cleaning Facility.

3.2 SEDIMENT

There are no stream sediments at Site 45.  The closest sediment location can be found at Ballast Creek,

2,000 feet south-southeast of the MWR Dry Cleaning Facility.

3.3 GROUNDWATER

In the EE/WP (Bechtel, 1997c), Bechtel determined that the shallow groundwater flow is from the

northwest to the southeast.  The study also determined that the soils below the site consisted largely of

sand which forms a shallow, surficial aquifer.  However, the clay comprising the Hawthorn Formation

underlying the surficial aquifer may act as a partial barrier to the Floridan Aquifer and should be

investigated.

In the Contamination Assessment (S&ME, 1994) and the EE/WP (Bechtel, 1997c), high levels of PCE,

along with its reductive chlorination products (TCE, cis/trans DCE, and vinyl chloride), were detected in the

surficial aquifer below the dry cleaning facility.  These compounds were detected in well points at levels

above the U.S. EPA Safe Drinking Water Act action levels.  Ingestion, dermal contact, and inhalation (via

showering) of contaminants in groundwater by human receptors are possible exposure pathways of

concern.  Exposure to ecological receptors is not anticipated.

3.4 SOIL

Initially, after the spill, the MWR took 17 hand auger soil samples around the area where the spill

occurred.  The PCE concentrations of many of the samples exceeded 150,000 ppm (S&ME, 1994).  The

most contaminated soils were then excavated and disposed off site.  Approximately 2 years later, during
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the EE/WP, soil concentrations were measured at a maximum concentration of 1,100 ppb (Bechtel,

1997c).

If surface and subsurface soil is found to be adversely impacted, incidental ingestion and dermal contact

with contaminants within the soil by human receptors would be possible exposure pathways of concern.

Contaminant leaching from soil to groundwater would be a possible transport mechanism and human

exposure to impacted groundwater would also be an exposure pathway of concern.  Furthermore, the

surface and subsurface soil, if disturbed, may serve as a source for airborne transport of contaminants.

However, it is anticipated that site structures will be removed and most of the site will be covered with

pavement.

Contaminants in the soil may also be accumulated by natural or cultural vegetation that could be ingested

by wildlife and/or human receptors, but, the planned covering of pavement will preclude this.  In addition,

current habitat at the site consists solely of a small area of turfgrass that provides negligible habitat for

ecological receptors.  Additional exposure pathways involving direct ingestion or contact with

contaminated soil by benthic invertebrates may also be of concern.

3.5 AIR

In general, the area of PCE spillage at Site 45 is covered with grass, a building, or a paved roadway.

Although the air exposure pathway is anticipated to be a negligible contribution to risk, the potential for

suspension of particles and subsequent airborne transport will be evaluated during the risk assessment

using the results from surface soil samples.
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4.0  INVESTIGATION SCOPING

Field activities will be conducted in several stages with the results from one phase used to refine activities

in the next phase.  Initial phases of field activities will be conducted to determine whether soil

contamination remains in areas surrounding the 1994 PCE spill and dry cleaning operations.  Additionally,

groundwater samples will be collected around the site to determine the extent of surficial aquifer VOC

contamination.

The results of these activities will be used to evaluate the effectiveness of monitored natural attenuation

and other remediation technologies as potential remedial approaches.  The results will also be used to

determine the effectiveness of the pump and treat system that has been in place since 1998 and to outline

a pilot scale treatability study for an air sparging system.

4.1 INVESTIGATION RATIONALE

Previous investigations indicated the presence of elevated levels of PCE and related compounds in the

soils at the MWR Dry Cleaning Facility.  These contaminants have migrated into the surficial aquifer below

the contaminated soils.  Based on the information presented in Sections 2.0 and 3.0, the proposed

investigation of Site 45 will include the following media.  Table 4-1 summarizes the rationale for

investigation of specific media at Site 45.

•  Surface/Subsurface Soil - Previous investigations have shown detections of elevated levels of PCE

and TCE in the vicinity of the 1994 spill.  Spills and leaks may have occurred in areas associated with

former dry cleaning activities.  Human and ecological receptors could be exposed to impacted surface

soil and sediment through exposure pathways such as dermal contact.  Also, soil may impact

groundwater via the leaching of contaminants from soil to groundwater.  Soil samples are proposed to

determine the nature and extent of contamination, as well as to collect data for groundwater

monitoring.

•  Groundwater – PCE, TCE, cis/trans DCE, and vinyl chloride were identified in the shallow

groundwater.  Therefore, sampling of the surficial aquifer is proposed to determine the horizontal and

vertical extent of contamination and whether site-related compounds are migrating to the surrounding

areas at concentrations above maximum contaminant levels (MCLs) and risk-based criteria

(ecological and human health).  For use in the human health risk assessment, sampling and analysis

will be conducted for evaluating the use of groundwater as a drinking water source according to

CERCLA (U.S. EPA, 1991).
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•  Air - Airborne contamination is not anticipated to pose a risk at this site and, therefore, will not be

investigated directly.  Airborne contamination will be investigated indirectly when evaluating potential

surface soil transport in the risk assessment.

4.2 INVESTIGATION SUMMARY

The following sections present the proposed investigation.  All data will be collected in accordance with the

Master FSP, the Master QAP (B&R Environmental, 1998), and U.S. EPA Region 4 Environmental

Investigations Standard Operating Procedures Quality Assurance Manual (IESOPQAM) (U.S. EPA, 1996).

Table 4-2 summarizes the field investigation activities for Site 45.  Descriptions of sample locations and

the sampling techniques to be used are discussed in Section 7.0.

4.2.1 Nature and Extent Sampling Activities

4.2.1.1 Soil

Surface and subsurface soils will be collected at Site 45 to define the nature and extent of soil

contamination.  The samples will be collected from soil borings in accordance with TtNUS SOP SA-13 at

eight locations within suspected source areas.  Due to a documented spill of a known contaminant, as well

as the results of previous sampling, testing will be limited to specific families of compounds.  For surface

soil, analysis will include target compound list (TCL) VOCs, TCL SVOCs, and target analyte list (TAL)

metals (including tin) for remediation determination.  Surface soil samples are to be collected in the

shallow most native soils.  Subsurface soil samples will be analyzed for TCL VOCs and SVOCs and the

samples will be collected from the vadose zone just above the water table as determined during field

operations (approximately 4-5 feet below ground surface).

4.2.1.2 Groundwater

The groundwater investigation at Site 45 will be conducted in two phases.  Initially, 25 temporary

monitoring wells will be installed using direct-push technology (DPT) drilling and/or hollow stem auger

techniques (Section 6.0) and sampled to estimate the boundary of the groundwater contaminant plume.

For borings installed close to suspected source areas, samples will be collected from three different

depths as described below:

•  One sample will be collected within the top of the surficial aquifer (approximately 7 ft bgs)

•  One sample will be collected above the Hawthorne formation (anticipated at a depth of 18 to 20 feet

bgs).
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•  Drilling will then continue to a maximum depth of 40 ft bgs.  If a water-bearing formation is

encountered prior to 40 ft bgs, a third groundwater sample will be collected at this depth.  If a water-

bearing zone is not observed, a sample will not be collected and the boring abandoned by pressure

grouting.

For all other borings/wells, groundwater samples will be collected at the top of the surficial aquifer and just

above the Hawthorne formation.

An estimated 55 groundwater samples will undergo VOC analysis during this initial sampling effort.

Testing will be limited to VOCs, due to the limited leaching potential of SVOCs and metals.  The

groundwater samples to be collected from the temporary wells will be sent to a certified testing laboratory

for GC or GC/MS analysis with a 48-hour turnaround time.  Ten percent of the samples will be sent to a

laboratory where GC/mass spectrometry (MS) analyses will be performed for confirmation.  Upon the

results of the initial 25 wells, up to 10 additional temporary wells will be installed and sampled to refine the

extent of contamination if needed.

Once the boundary of the plume is defined, up to nine permanent monitoring wells (three well clusters of

three wells each) will be installed for the purposes of long-term monitoring.  If needed, the monitoring wells

will be installed to characterize the downgradient portion of the VOC plume.  The wells will be installed at

locations based on the results of the initial sampling.  The locations for the permanent monitoring wells will

be proposed to the partnering team for a decision, and then presented in a work plan addendum that will

be added as Appendix B of this document.

Because of the absence of laboratory documentation and data validation, the temporary monitoring well

data will not be used in the human health or ecological risk assessments.  Rather, data from the existing

permanent monitoring wells coupled with data from potential future permanent monitoring wells will be

used for the risk assessments.

4.2.1.3 Dense Nonaqueous Phase Liquids (DNAPLs)

Most organic compounds have limited solubility in water.   When released into groundwater, these

compounds remain as a separate liquid, a nonaqueous phase liquid (NAPL).  Those NAPLs that are

denser than water (DNAPLs) tend to sink beneath the water table.  Chlorinated solvents are the most

common DNAPL components (GWRTAC, 1998).  Given the historic concentrations of chlorinated

solvents in Site 45 soil and groundwater, isolated pockets of DNAPL may be at this site, and therefore the

presence of DNAPLs will be investigated.  DNAPL screening (using fluorescence techniques as per

Cohen, et al., 1992, given in Appendix A) will be conducted if significant PID readings are obtained
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(greater than 50 parts per million).  A minimum of one sample per boring in the source area (bounded by

Panama, Samos and Kyushu Streets) will be checked.

4.2.2 Groundwater Modeling Parameter Rationale

Modeling using BIOCHLOR and/or modflowr/RT3D will be conducted to evaluate contaminant fate and

transport and extraction system performance.  General parameters that are required to perform modeling

include:

•  Grain-size analysis

•  Porosity

•  Hydraulic conductivity of surficial aquifer

•  Groundwater flow directions and gradients

•  Aquifer thickness

•  Pumping rates (for extraction wells)

•  Total Organic Carbon (TOC)

•  pH

4.2.2.1 Soil Classification/Soil Logging

During the advancement of all soil borings, field geologists will continuously monitor the soil types and the

depths at which they are located.  Using this information, a site-specific hydrogeologic model of the

surficial aquifer will be completed in order to provide a better understanding of groundwater migration

patterns.  Soil classification/loggings will only be performed at the deepest well installed in a well cluster.

Additionally, a total of three on-site and three off-site soil borings will be installed and logged.  Off-site soil

borings will be installed at 500-foot intervals in the direction of the closest surface water body.

Approximately 50 soil borings will be logged for the investigation.  All logging will be performed as per

TtNUS SOP GH-1.5 (provided in Appendix A).

4.2.2.2 Hydraulic Conductivity

Hydraulic conductivity tests (slug tests) will be conducted at each newly installed permanent monitoring

well in accordance with TtNUS SOP GH-2.4 to determine the horizontal hydraulic conductivity of the

aquifer in the immediate vicinity of the well.  Since these wells are likely to be relatively remote from the

existing groundwater extraction system, these tests will provide additional characterization of the aquifer

downgradient of the source area.  This information will be used to characterize the aquifer in the

groundwater modeling and during evaluation of an aquifer remediation alternative, if necessary.
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4.2.2.3 Groundwater Extraction System Evaluation

A water level study or pump test of the groundwater extraction system area will be performed to evaluate

the drawdowns created in the surficial aquifer by the existing extraction system and to determine the

system’s capture zone and optimum pumping rate.  The pump test will consist of operating one well at

several flow rates and then all three wells at several flow rates.  Water levels in the existing and new

permanent monitoring wells will be monitored during the test.  The water level and pumping rate data will

be evaluated to determine both the groundwater flow patterns in the extraction well area under non-

pumping and pumping conditions and the aquifer’s hydraulic characteristics.  The information will be used

to evaluate the extraction system capture zone configuration and to generate recommendations regarding

future extraction system operation.  Further details of the pump test will be provided in a work plan

addendum that will be added as Appendix C of this document.

Groundwater levels provide information that can be used to determine the depth, flow direction, and

gradient of the groundwater.  The levels are also useful for setting calibration targets for modeling

purposes.  Groundwater-level measurements will be collected in accordance with TtNUS SOP GH-1.2,

Evaluation of Existing Monitoring Wells and Water-Level Measurements, and the information that is

obtained will be used to establish groundwater contour maps and provide information concerning the site

hydrogeology.  TtNUS SOPs are provided in Appendix A.

4.2.2.4 TOC and pH

During the advancement of the soil borings installed for the purposes of groundwater modeling, a

subsurface soil from within the surficial aquifer will be collected and analyzed for TOC and pH.

Additionally, a subsurface soil from within the surficial aquifer will also be collected and analyzed for TOC

from all soil borings installed for the purposes of determining the nature and extent of contamination of

subsurface soil.

4.2.3 Natural Attenuation Sampling

Five permanent monitoring wells will be sampled for natural attenuation parameters.  The wells to be

sampled will consist of one well upgradient of the source area, one source area well, two wells within the

contaminant plume, and one downgradient well (beyond the plume edge).  The five monitoring wells will

be analyzed for TCL VOCs and geochemical parameters for the purposes of determining whether organic

contaminants are naturally attenuating.  The groundwater geochemical parameters to be analyzed consist

of the following:
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•  Fixed-based analysis: TCL VOCs, alkalinity, chloride, ethane, ethene, dissolved methane, nitrate,

nitrite, phosphate, sulfate, and TOC.

•  Field analysis: dissolved carbon dioxide, iron, manganese, dissolved oxygen, sulfide, hydrogen

sulfide, specific conductance, oxidation reduction potential, pH, temperature, and turbidity

Additionally, one upgradient saturated subsurface soil sample will be collected and analyzed for fraction

organic carbon.

The location of the wells will be proposed in a work plan addendum to be added as Appendix D of this

document.  The work plan addendum will be issued upon delineation of the plume.

4.2.4 Water Quality Parameters

In addition to determining contaminant concentrations in groundwater, sampling and analysis will be

conducted for evaluating the use of groundwater as a drinking water source according to CERCLA (U.S.

EPA, 1991).  During the sampling to be conducted for monitored natural attenuation, samples will be

collected from five permanent monitoring wells, sent to a fixed-based laboratory, and analyzed for

hardness (CaCO3), total dissolved solids (TDS), total suspended solids (TSS), chloride, fluoride,

nitrate/nitrite and sulfate.  The wells to be sampled for water quality parameters will be identified in Work

Plan addendum to be added as Appendix D of this document.

In addition, all groundwater samples will be monitored in the field for dissolved oxygen, salinity, pH,

specific conductivity, turbidity, and temperature.

4.2.5 Air Sparging System Pilot Scale Test

A pilot scale test may be conducted at Site 45 involving the installation and operation of a skid mounted

injection/extraction blower unit.  Approximately one air injection well and four soil vapor extraction wells will

be installed for the pilot scale test.  Upon receipt and evaluation of the analytical results from the soil

boring, a work plan addendum detailing the specifics of the air sparging system pilot scale test will be

distributed as Appendix E of this work plan.

If the existing lithology is such that an air sparge/soil upper extraction system is potentially viable (relatively

free of clay units as determined during the temporary monitoring well program), the an air sparge/spoil

vapor extraction system will be evaluated in the source area of contamination.  Since the source area was

an occupied building in the past, the test was conducted in an adjacent clean area that may or may not be

representative of site conditions.



TABLE 4-1

INVESTIGATION RATIONALE
SITE 45 – MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Media Identified/Suspected
Contaminants

Preliminary
Assessment

Data Gaps/Needs Resolution Of
Data Gaps/Needs

Soil VOCs: PCE, TCE. Soil may be a potential
pathway to receptors.  Soil
may also be a source of
contaminant leaching to
groundwater.

RI/RFI
• Nature and extent

characterization
• Risk assessment

FS/CMS
• Geotechnical

characterization
•  Stratigraphy
• Modeling
•      Air Sparging
•      Soil Vapor Extraction
•      Monitored Natural

Attenuation

• TCL VOCs and SVOCs, TAL
(metals and tin) parameters

• Soil classification
• Lithology
• Groundwater modeling

parameters

Groundwater VOCs: PCE, TCE,
cis/trans DCE, vinyl
chloride.

Groundwater is a potential
pathway of contaminants
to receptors.

RI/RFI
• Nature and extent

characterization
• Risk assessment

FS/CMS
• Modeling
• Site hydrogeology

• VOCs
• Water quality parameters

• Horizontal hydraulic conductivity
• Groundwater modeling

parameters
• Water-level measurements



TABLE 4-2

SITE-SPECIFIC INVESTIGATION SUMMARY
SITE 45 – MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA
PAGE 1 OF 2

Media Data Gap/Need Investigation Activity Number of
Locations

Samples per
Location(1)

Analysis

Soil •  Nature and Extent •  Collect surface soil
samples

8 1 TCL VOCs
TCL SVOCs
TAL Metals (Total) and
Tin

•  Nature and Extent •  Collect subsurface soil
samples in vadose zone

8 1 TCL VOCs
TCL SVOCs
TOC

•  Determine if DNAPL
is present

•  Field screening 17 1 to 3 tests per
location based on

PID reading

Fluorescent light
screening

•  Soil Classification/
Loggings

Document soil
characteristics during
soil boring and
monitoring well
installation (temporary
and permanent).

Up to 57 Continuous Field characterization

•  Groundwater
modeling
parameters

•  Collect saturated
subsurface soil

3 on site
3 off site

1 TOC, pH, grain-size
analysis

•  Collect shelby tube
sample from the
Hawthorn formation

3 on site
3 off site

1 Vertical hydraulic
conductivity

•  Natural attenuation
testing (laboratory
analysis)

•  Collect one upgradient
saturated subsurface
soil sample

1 1 Fraction organic carbon

Groundwater •  Profiling wells •  Collect shallow and
deep groundwater
samples (temporary
wells).

Up to 35 2 – 3

10%

VOCs – 48 hour turn-
around time

TCL VOCs – QA/QC
•  Nature and extent

wells
•  Collect 3 shallow, 3

intermediate and 3 deep
groundwater samples
(permanent wells).

Up to 9 1 TCL VOCs



TABLE 4-2

SITE-SPECIFIC INVESTIGATION SUMMARY
SITE 45 – MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA
PAGE 2 OF 2

Media Data Gap/Need Investigation Activity Number of
Locations

Samples per
Location(1)

Analysis

Groundwater
(continued)

•  Water quality
parameters
(collected in field)

•  Measure from
groundwater sample

All
groundwater

samples

1 Dissolved oxygen,
salinity, pH, specific
conductivity, turbidity,
temperature

•  Hydraulic
conductivity

•  Perform slug tests (new
monitoring wells)

up to 9 1 Evaluation of hydraulic
conductivity

•  Groundwater
Extraction System
Evaluation

•  Measure
hyrdogeological
characteristics

Details to be provided in a future
work plan addendum

Water-level and pumping
rate measurements

•  Natural attenuation
testing and water
quality parameters
(laboratory analysis)

•  Collect 1 upgradient, 1
downgradient, 1 source
area, and 2 samples
within the plume

5 1 TCL VOCs, alkalinity,
chloride, ethane, ethene,
methane, nitrate, nitrite,
phosphate, sulfate, and
TOC, hardness, total
dissolved solids, total
suspended solids, and
fluoride

•  Natural attenuation
testing (field
analysis)

•  Collect 1 upgradient, 1
downgradient, 1 source
area, and 2 samples
within the plume

5 1 Dissolved carbon dioxide,
iron, manganese,
dissolved oxygen, sulfide,
specific conductance,
oxidation reduction
potential, pH,
temperature, and turbidity

Notes:

1. Does not include QA/QC samples.
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5.0  HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENT

The following two sections briefly describe the human health and ecological risk assessment that will be

conducted for Site 45.

5.1 HUMAN HEALTH RISK

A human health risk assessment for the site will be performed.  Analytical data generated under this work

plan for soils and groundwater from newly installed permanent monitoring wells, as well as the most

recent historical data consisting of groundwater data from permanent monitoring wells, will be used to

determine whether measured chemical concentrations pose a significant threat to human receptors.  The

general methodologies that will be used to assess human health risks are contained in Appendix A of the

Master Work Plan Volume III for MCRD, Parris Island (B&R Environmental, 1998).

Soils will be evaluated for site related contamination of VOCs, as well as potential non-site related SVOCs

and metal chemicals.  Groundwater will be evaluated for VOC contaminants.

Potential chemicals of concern (COCs) for the site, based on historical sources, are PCE, TCE, cis/trans

DCE, and vinyl chloride.  Based on data collected under this work plan, the U.S. EPA Region IX

preliminary remediation goals (PRGs) (U.S. EPA, 1999) will be used to identify additional site-specific

potential COCs for soils and groundwater.  Included in the groundwater analysis will be pH, turbidity,

dissolved solids, TOC, chloride, fluoride, nitrate/nitrite, dissolved oxygen, salinity, and sulfate to aid in

determining whether the groundwater at Site 45 is suitable for use as a drinking water source.  If it is

determined that the groundwater is not potable, groundwater will be removed as a pathway of concern

from the human health risk assessment.

The migration of contaminants to Ballast Creek and the adjacent marsh will be modeled based upon

analytical groundwater data and hydrogeologic testing results.  It will be assumed that, upon entry into the

Ballast Creek watershed, the groundwater will be treated as surface water for risk calculations.  In

addition, the respective partitioning coefficient values for the contaminants in the groundwater will be used

to calculate a theoretical sediment concentration levels for risk calculations.  The U.S. EPA Region IX

residential PRGs (U.S. EPA, 1999) will be used to identify site-specific COCs for sediment.  Ambient

Water Quality Criteria (AQWCs) will be used to identify site-specific COCs for surface water.

The following potential receptor groups will be evaluated in the human health risk assessment.
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• Construction Workers

- Soil:  ingestion, dermal contact, inhalation

- Groundwater:  ingestion, dermal contact, inhalation

• Future Residents

- Soil:  ingestion, dermal contact, inhalation

- Groundwater:  ingestion, dermal contact, inhalation (showering)

• Workers (Maintenance, Other Employees)

- Soil:  ingestion, dermal contact, inhalation

• Adolescent Trespassers

- Sediment: Incidental ingestion and dermal contact

- Surface water: Incidental ingestion and dermal contact

Additional details on receptors and complete exposure pathways to be considered in the development of

the human health risk assessment are provided in Section 3.3 of the Human Health Risk Assessment

Methodology provided in Appendix A of the Master Work Plan, Volume III.

5.2 ECOLOGICAL RISK

A screening-level ecological risk assessment for this site will be performed.  Analytical data generated

under this work plan, as well as historical data for the site, will be used to determine if measured chemical

concentrations pose a significant threat to potential ecological receptors.  The general methodologies that

will be used to assess risks to ecological receptors are contained in Appendix B of the Master Work Plan

Volume III for MCRD, Parris Island (B&R Environmental, 1998) and modified by recent EPA guidance

(U.S. EPA, 2000).

Selection of contaminants of potential concern will be accomplished by the comparison of maximum

detected site concentrations to U.S. EPA Region 4 ecological screening values.  Previous sampling has

shown unacceptable levels of PCE and TCE in the groundwater that potentially could pose a danger to

ecological receptors if the migration of groundwater continues approximately 2,000 feet to Ballast Creek.

The screening-level ecological risk assessment will begin with a preliminary problem formulation step,

including review of historical documents, potential COCs, site characteristics, photographs, maps, and

notes from a site visit.  The surface soil exposure route is not considered to be complete, since the site is

largely paved or covered with buildings.  The medium of concern at Site 45 is believed to be groundwater.

Should the contaminants migrate with the southeastward groundwater flow, they could pose a risk to
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receptors in Ballast Creek and the surrounding marsh. Receptors may be exposed to such contaminants

through direct contact of surface water and sediment, incidental ingestion of surface water and sediment,

and ingestion of contaminated food.  Preliminary receptors of concern along Ballast Creek include the

following:

•  Benthic invertebrates,

•  Fish communities (forage fish and higher trophic level fish)

•  Piscivorous birds

•  Omnivorous birds

•  Piscivorous mammals

•  Aquatic vegetation

•  Reptiles and amphibians

Others may be added, if applicable.

The migration of contaminants to Ballast Creek and the adjacent marsh will be modeled based upon

analytical groundwater data and hydrogeologic testing results.  It will be assumed that, upon entry into the

Ballast Creek watershed, the groundwater will be treated as surface water for ecological receptor risk

calculations.  In addition, the respective partitioning coefficient values for the contaminants in the

groundwater will be used to calculate a theoretical sediment contamination level for ecological risk

calculations.

The ecological risk assessment will include an evaluation of ecological effects, which will establish

preliminary threshold levels for contaminant concentrations in exposure media.  As mentioned earlier, the

threshold levels will consist of U.S. EPA Region 4 ecological screening levels.  If needed, contaminant

doses associated with toxicity to ecological receptors will be obtained.  The preliminary exposure

assessment will include the compilation of maximum contaminant concentrations in exposure media.  If

necessary, maximum ingestion rates for indicator species will be calculated.  The preliminary risk

calculations will be in the form of ratios, which will be the exposure concentrations divided by the threshold

values.

The preliminary risk assessment will be initially documented in the form of a technical memorandum.  The

purpose of the memorandum is to provide results as quickly as possible in case more investigation may

be required.  The preliminary risk assessment will conclude with recommendations for further

investigation.  If more work is required, a work plan addendum will be submitted.
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6.0  FIELD OPERATIONS

This section is the site-specific field sampling plan (FSP) for the investigation at Site 45 – MWR Dry

Cleaning Facility.  It outlines the project-specific field investigation activities to be performed at Site 45 for

this investigation.  This section also describes the procedures for performing the field investigation

activities.  It is to be used in conjunction with the Master FSP, Volume II of the Master Work Plan for

MCRD, Parris Island (B&R Environmental, 1998) and references the Master FSP where appropriate.

Field operation activities to be performed at MCRD Parris Island for this investigation include mobilization

of equipment, soil boring installation and soil sampling, DPT and permanent monitoring well installation,

hydraulic conductivity testing (slug tests), groundwater sampling, water-level measurements, site

surveying, equipment decontamination, waste handling, and site restoration.

All field operation activities will be performed as described in the Master FSP and subsequent TtNUS

SOPs provided in Volume II of the Master Work Plan, except where noted.

6.1 MOBILIZATION/DEMOBILIZATION

Mobilization activities will be performed in accordance with the procedures outlined in the Master FSP

(B&R Environmental, 1998).

6.2 SITE RESTORATION

If investigation activities (e.g., monitoring well installation) disturb or alter the landscape, vegetation, or

other features of Site 45, the site may require restoration to reestablish conditions existing prior to the

investigation.  If vegetation is stressed or damaged as a result of investigation activities, the affected area

will be reseeded.  Portions of Site 45 will be regraded if investigation activities alter the natural contour of

the sites.  Additionally, all equipment used during the investigation and all investigation-derived waste

(IDW) will be removed from the site.

6.3 DRILLING METHODS

Hollow-stem auger drilling techniques will be used to install soil borings for the purposes of:

•  Nature and extent soil sampling within the source area

•  Obtaining soil data for groundwater modeling purposes

•  Installing permanent monitoring wells after the initial rounds of groundwater sampling

•  Installing five temporary wells close to suspected source areas
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DPT or hollow stem auger drilling techniques will be used to install the remaining temporary wells.  Drilling

activities are further described in the following sections.

6.3.1 Direct-Push Technology (DPT) with Macro Core Soil Sampling

At all DPT locations, Macro-Core� samplers will be driven continuous to the desired depth of boring.  The

temporary well points will consist of stainless-steel drive rods and Geoprobe� Screen Point Samplers or

equivalent.  The well points will have a nominal diameter of approximately 1 inch, and the well screens will

have a slot size of approximately 0.0057 inches.  Upon completion of the groundwater sampling at each

location, the well point will be removed, and the boring will be abandoned by pressure grouting from the

bottom of the boring to the ground surface.  The grouting will be done by placing a tremie pipe to the

bottom of the boring and pumping grout through this pipe until undiluted grout flows from the boring at the

ground surface.  The grout sealant will consist of Portland Type I cement.  The composition of grout shall

not exceed six gallons of water per 94-pound sack of Portland cement.

6.3.2 Hollow-Stem Auger Soil Boring Drilling with Split-Spool Soil Sampling

During hollow-stem auger drilling, split-spoon samples will be collected continuously from the ground

surface to the termination depth of the borings, in accordance with American Society of Testing and

Materials (ASTM) Standard Method D 1586-84.  The split-spoon samplers will have a minimum inside

diameter (I.D.) of 2 inches and a length of 2 feet to fulfill sample volume requirements for chemical

analysis.  Each split-spoon sample will be field screened with a  flame ionization detector (FID) upon

collection, and head-space field analysis.  Split-spoon samples will be divided and placed in chemical

sample jars and 8-oz. lithologic sample jars.  Selected chemical sample jars will be labeled, packed, and

shipped to the laboratory.  Lithologic samples not being sent to the laboratory will be containerized along

with the IDW, and will be disposed of accordingly.  Lithologic samples will provide information relevant to

contaminant fate and transport modeling.

For temporary wells installed using hollow-stem auger drilling techniques, the soil boring will be advanced

to two feet above the desired well screen depth.  Next, stainless-steel drive rods with slots on the side of

the tube will be driven to sample depth.  A groundwater sample will then be obtained using a peristaltic

pump, and the pH, temperature, turbidity, and specific conductivity will be measured for the purged water.

The temporary well will be purged prior to sampling until a minimum of three and maximum of 10 well

volumes have been removed.  After all sampling has been completed at the temporary well, the borings

will be pressure grouted.
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A boring log will be maintained as described in the Master FSP for each soil boring by the TtNUS field

geologist.  In the case of well cluster drilling, soil boring logs will be maintained solely for the deep boring

at each well cluster.  Field screening and head-space analysis results and a lithologic description of each

split-spoon sample will be recorded on the boring log.  At a minimum, the information outlined in the

Master FSP will be recorded on the boring log for each boring.

6.4 MONITORING WELL INSTALLATION

Prior to the construction of any monitoring well, a formal request will be submitted to the South Carolina

Department of Health and Environmental Control (SCDHEC) for approval.  The request will contain the

following information:

•  Proposed location(s) on a scaled map or plate

•  Proposed construction detail

•  Intended purpose of the monitoring well(s)

The state also requires a formal submission detailing the activity performed during the installation of the

monitoring well(s).  A monitoring well record form or other form provided and/or approved by the state

shall be completed and submitted within 30 days after completion of each monitoring well.  The form shall

contain the following information:

•  Name and address of facility/owner

•  Location of monitoring well(s) on a scaled map or plate

•  Driller and certification number

•  Date drilled

•  Driller's or geologist's log

•  Total depth

•  Screened interval

•  Diameter and construction details

•  Depth to water table, with date and time measured

•  Surveyed elevation of measuring point with respect to an established benchmark

•  Geologist’s seal and certification number

6.4.1 Temporary Monitoring Wells using DPT

During temporary well construction, stainless-steel screens will be driven to sample depth.  At each

interval, a groundwater sample will be obtained using a peristaltic pump, and the pH, temperature,
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turbidity, and specific conductivity will be measured for the purged water.  The temporary wells will be

purged prior to sampling until a minimum of three and a maximum of 10 well volumes have been

removed.  After all sampling has been completed at the well, the borings will be pressure grouted as the

rods are being withdrawn.

6.4.2 Permanent Monitoring Well Installation and Construction

Permanent monitoring wells will be installed and constructed in accordance with all applicable state of

South Carolina regulations (e.g., Code of Laws of South Carolina 1976, Regulation 61-71 Well Standards)

and Volume II of the Master Work Plan (B&R Environmental, 1998).   As with the temporary monitoring

wells, a formal request letter will submitted to SCDHEC prior to advancement of the permanent wells, and

a monitoring well record will be submitted within 30 days after completion.

Up to nine soil borings (three clusters of three) will be drilled at Site 45 for the purpose of monitoring well

installation.  From these borings, three will be converted to shallow surficial aquifer wells, three will be

converted to intermediate depth surficial aquifer wells, and three additional borings will be converted to

deep surficial aquifer wells.

All wells will be constructed with certified clean well construction material.  The shallow wells will monitor

the top of the surficial aquifer, and the intermediate and deep wells will monitor the middle and bottom of

the surficial aquifer, respectively.  Shallow and intermediate monitoring wells will be constructed of 2-inch

I.D., flush-threaded polyvinyl chloride (PVC) well screen and compatibly-threaded PVC well casing riser.

PVC shall meet National Sanitation Foundation (NSF) Standard 14 as specified in U.S. EPA Region 4

Environmental Investigations Standard Operating Procedure and Quality Assurance Manual (EISOPQAM)

(U.S. EPA, 1996).  PVC is appropriate for the application because sorption and leaching are not of

sufficient impact to affect the pipe, and PVC is expected to function properly for the expected duration of

this project.

Boreholes for deep monitoring wells will be advanced to the top of the confining unit (Hawthorn Formation)

underlying the surficial aquifer.  The bottom of the screened interval for the deep monitoring wells will be

placed even with, or slightly below, the top of the confining unit.  Continuous soil boring logs will be

maintained for the purpose of soil lithology and determination of depth to confining unit.  Deep monitoring

wells will be constructed of 2-inch I.D., flush-threaded PVC well screen and PVC well casing riser.  PVC

well screens and well casing risers will be used and will meet the requirements as stated previously.

Well screens for shallow and intermediate monitoring wells will be 5 feet long with 0.010-inch openings.

Deep well screens will be 5 feet long with 0.020-inch openings.  There is sufficient history from existing

wells to conclude that the upper wells will be screened in fine-grained material (silt and fine sand) and the
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deeper wells will be screened in more coarse-grained sands.  Therefore, the anticipated slot size for the

shallow and deep well screens is determined to be 0.010 and 0.020 inches respectively.

A primary filter pack of clean silica sand will be installed flush with the bottom of the well to a minimum of

2 feet above the top of the well screen.  A sand passing U.S. Standard Sieve No. 20-30 will be used for

finer formations (0.010 slot size), and sand passing U.S. Standard Sieve No. 10-20 will be used for

coarser formations (0.020 slot size), as determined by the site geologist.  A minimum 2-foot-thick seal of

100 percent sodium bentonite pellets will be installed above the primary filter pack and allowed to hydrate

in accordance with the manufacturer's recommendations.  The annular space above the bentonite seal will

be grouted with neat cement or a bentonite/cement mixture from the top of the bentonite seal to a point at

least 2 feet bgs.  The concrete used to form the pad will fill the remaining annular space.

Permanent monitoring wells will be installed as at-grade wells.  An at-grade protective steel casing

equipped with a sealing, locking cap will be installed around all wells in high-traffic areas.  At-grade covers

will be installed in accordance with state requirements.  Figure 6-1 illustrates typical well construction

details for an at-grade well.

•  Well identification number

•  Date of construction

•  Drilling contractor and certification number

•  Depth of well

•  Screened interval

•  Latitude and longitude of well location

Prior to sampling, all monitoring wells will be developed to remove formation cuttings (as well as any

residual drilling fluids), as described in the Master FSP, Volume II (B&R Environmental, 1998).

6.5 HYDRAULIC CONDUCTIVITY

Slug tests will be performed at each proposed and existing monitoring well to determine the hydraulic

conductivity of the aquifer.  The slug tests will be conducted according to the procedures described in

Section 2.7.1 of the Master FSP, Volume II (B&R Environmental, 1998).

6.6 SURVEYING

All proposed soil borings and permanent groundwater monitoring wells will be surveyed.  A third-order

survey will be conducted by a professional surveyor licensed in the state of South Carolina, according to
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the requirements described in the Master FSP of the Master Work Plan, Volume II (B&R Environmental,

1998).

6.7 DECONTAMINATION

Decontamination of major equipment and sampling equipment will be in accordance with the Master FSP

and SOP SA-7.1, Decontamination of Field Equipment and Waste Handling.  An area for the

decontamination pad for major equipment and a source of potable water for steam washing will be

arranged by the field operations leader (FOL) through MCRD personnel.

6.8 WASTE HANDLING

All solid and liquid wastes generated as a result of this investigation will be handled in accordance with the

procedures described in Section 2.11 of the Master FSP and SOP SA-7.1, Decontamination of Field

Equipment and Waste Handling (B&R Environmental, 1998).

During the investigation, personal protection equipment (PPE) will be drummed.  Based on the

characterization of soil, the drummed PPE will be disposed of accordingly.

Soil cuttings will be placed in drums and conveyed to a roll-off box.  These cuttings will be tested and then

disposed off site.

Well development water will be collected in bulk tanks.  Based on test results, the water will be either

discharged to the sanitary sewer, treated in the on-site groundwater treatment system, or taken off site for

disposal.

Decon water will also be collected in a bulk tank, tested, and then processed as the well development

water.
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7.0  ENVIRONMENTAL SAMPLING

This section outlines the environmental sampling program and describes the sampling procedures for the

field investigation at Site 45 – MWR Dry Cleaning Facility.

7.1 SUMMARY OF ENVIRONMENTAL SAMPLING

Tables 7-1 and 7-2  summarize the soil and groundwater sampling program for the field investigation at

Site 45.  Figure 7-1 depicts the proposed soil sampling locations, and Figure 7-2 shows the proposed

groundwater sampling locations.  Proposed sampling locations are contingent upon utility location and

clearance with MCRD personnel.

7.2 SAMPLING PROCEDURES

The following sections describe sampling procedures that will be followed during soil and groundwater

sample collection.  Additionally, the following sections present the proposed sampling locations for field

activities.

7.2.1 Surface Soil Sampling

Eight surface soil samples (PAI-45-SS-01 to PAI-45-SS-08) will be collected at a depth of 0- to 1-foot bgs

at the locations shown on Figure 7-1.  All surface soil samples will be collected in accordance with the

methodologies described in the Master FSP and TtNUS SOP Number SA-1.3, Soil Sampling.

The rationale for these locations is as follows:

Sample ID Location Rationale
PAI-45-SS-01 Location of the 1994 reportable spill of PCE
PAI-45-SS-02 Location within the former containment area
PAI-45-SS-03 Location within the former containment area
PAI-45-SS-04 Location of a former dry cleaning unit
PAI-45-SS-05 Low point/depression within Building 193
PAI-45-SS-06 Location of a former dry cleaning unit
PAI-45-SS-07 Location of the exterior solvent storage area
PAI-45-SS-08 Location of the exterior solvent storage area
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7.2.2 Subsurface Soil Sampling

Eight subsurface soil samples (PAI-45-SB-01 to PAI-45-SB-08) will be collected for this investigation to

define the nature and extent of contamination.  A subsurface soil sample will be collected from the same

proposed surface soil locations as shown in Figure 7-1.

A saturated subsurface soil samples will be collected from three on-site soil borings (PAI-45-SB-01,

PAI-45-SB-09, and PAI-45-SB-10) and three off-site soil borings (PAI-45-SB-11 to PAI-45-SB-13) to

support groundwater modeling efforts.  The off-site soil borings will be installed at approximately 500-foot

intervals in the direction of the closest surface water body.

A saturated subsurface soil will be collected from location PAI-45-SB-14 to support natural attenuation

sampling. The location of this boring will be proposed in a work plan addendum to be included as

Appendix D of this document.

All subsurface soil samples will be collected in accordance with the methodologies described in the Master

FSP and TtNUS SOP Numbers GH-1.5, Borehole and Sample Logging and GH-1.3, Soil and Rock Drilling

Methods.

7.2.3 Groundwater Sampling

Initially, groundwater samples will be collected for this investigation at the 25 temporary monitoring well

locations, as shown in Figure 7-2.  Based on the analytical results from these wells, up to an additional 10

temporary monitoring wells may installed and sampled to delineate groundwater concentrations to MCLs.

Afterwards, nine permanent monitoring wells may be established in downgradient areas for long-term

monitoring. The locations will be proposed in a work plan addendum to be included as Appendix B of this

document.

All groundwater samples will be collected in accordance with the U.S. EPA Region 4 EISOPQAM and

TtNUS SOP Number SA-1.1, Section 5.7, Low Flow Purge and Sampling.

7.3 SAMPLE HANDLING

7.3.1 Sample Containers, Preservation, Holding Times, and Analyses

Sample handling includes proper selection of sample containers, preservation, allowable holding times,

and analyses.  Sample handling requirements for this investigation are presented in Section 10.0.
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7.3.2 Sample Nomenclature

Each sample will be assigned a unique codified sample identification number.  The sample nomenclature

format described in the Master FSP and B&R Environmental SOP Number CT-04, Sample Nomenclature,

will be used for this investigation.  The unique label system established for this sampling event is as

follows:

1 2 3 4

AAA-NN - AA - NN - NN

Site Location
and Site
Number

Media Sample
Location

Sample
Depth

1 PAI - Parris Island 3 An ascending sequential
45 - Site 45 number of samples collected

2 SS – Surface Soil 4 Bottom of sample interval in feet
GW – Groundwater
SB - Soil Boring/Subsurface Soil
TW – Temporary Monitoring Well

7.3.3 Sample Documentation, Packaging, and Shipping

Matrix-specific sample logsheets will be maintained for each sample collected.  In addition, sample

collection information will be recorded in field notebooks and the site logbook.  Further description of

sample documentation is provided in the Master FSP and TtNUS SOP Number SA-6.3, Field

Documentation.

Samples will be packaged and shipped according the Master FSP and TtNUS SOP Number SA-6.1, Non-

Radiological Sample Handling.

7.3.4 Sample Custody

Sample custody will be maintained and documented at all times.  Custody begins at the time of collection

and ends at the time of disposal by the laboratory.  The procedures for custody described in the Master

FSP and TtNUS SOP Numbers SA-6.1 and SA-6.3 will be implemented for this investigation.
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TABLE 7-1

SUMMARY OF SOIL SAMPLING
SITE 45 - MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Sample Analysis

TCL 
VOCs

TCL 
SVOCs

TAL Metals 
(Total) and 

Tin

DNAPL 
Screening TOC

pH and 
Grain 
Size

Vertical 
Conductivity

PAI-45-SS-01 PAI-45-SS-01-01 0 -1 l l l

PAI-45-SS-02 PAI-45-SS-02-01 0 -1 l l l

PAI-45-SS-03 PAI-45-SS-03-01 0 -1 l l l

PAI-45-SS04 PAI-45-SS-04-01 0 -1 l l l

PAI-45-SS-05 PAI-45-SS-05-01 0 -1 l l l

PAI-45-SS-06 PAI-45-SS-06-01 0 -1 l l l

PAI-45-SS-07 PAI-45-SS-07-01 0 -1 l l l

PAI-45-SS-08 PAI-45-SS-08-01 0 -1 l l l

PAI-45-SB-01 PAI-45-SB-01-xx TBD(1)
l l l

PAI-45-SB-01-xx TBD(2)
l l

PAI-45-SB-01-xx TBD(3)
l  

PAI-45-SB-01-xx TBD(4)
  l

PAI-45-SB-02 PAI-45-SB-02-xx TBD(1)
l l l

PAI-45-SB-02-xx TBD(2)
l

PAI-45-SB-03 PAI-45-SB-03-xx TBD(1)
l l l

PAI-45-SB-03-xx TBD(2)
l

PAI-45-SB-04 PAI-45-SB-04-xx TBD(1)
l l l

PAI-45-SB-04-xx TBD(3)
l

PAI-45-SB-05 PAI-45-SB-05-xx TBD(1)
l l l

PAI-45-SB-05-xx TBD(2)
l

PAI-45-SB-06 PAI-45-SB-06-xx TBD(1)
l l l

PAI-45-SB-06-xx TBD(3)
l

PAI-45-SB-07 PAI-45-SB-07-xx TBD(1)
l l l

PAI-45-SB-07-xx TBD(2)
l

PAI-45-SB-08 PAI-45-SB-08-xx TBD(1)
l l l

PAI-45-SB-08-xx TBD(3)
l

PAI-45-SB-09 PAI-45-SB-09-xx TBD(2)
l l

PAI-45-SB-09-xx TBD(4)
l

PAI-45-SB-10 PAI-45-SB-10-xx TBD(2)
l l

PAI-45-SB-10-xx TBD(4)
l

PAI-45-SB-11 PAI-45-SB-11-xx TBD(2)
l l

PAI-45-SB-11-xx TBD(4)
l

PAI-45-SB-12 PAI-45-SB-12-xx TBD(2)
l l

PAI-45-SB-12-xx TBD(4)
l

PAI-45-SB-13 PAI-45-SB-13-xx TBD(2)
l l

PAI-45-SB-13-xx TBD(4)
l

 
Notes:     
1.  To be sampled in the vadose zone just above the water table as determined during field operations (approximately 
     4-5 feet below ground surface).
2.  To be sampled in the saturated zone (approximately 3 to 10 feet below the water table).  The borings will extend to the
     first significant silt/clay lens encountered.
3.  To be collected if significant PID readings are encountered (e.g., greater than 50 ppm).
4.  To be sampled within the Hawthorn formation.
5.  Surface soil samples are to be collected in the shallow most native soils.  Surface soil samples will be collected 
     at the same location as the soil borings (i.e., PAI-45-SS-01 will be collected at location PAI-45-SB-01).
TBD = To be determined

Sample 
Location

Sample 
Designation

Sample 
Depth



TABLE 7-2

SUMMARY OF GROUNDWATER SAMPLING
SITE 45 - MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA
PAGE 1 OF 2

Sample Analysis

QT VOCs DNAPL Sampling Soil Logging(3)

PAI-45-TW01 PAI-45-TW-01-07 7 l l

PAI-45-TW-01-18 18(4)
l l

PAI-45-TW02 PAI-45-TW-02-07 7 l l

PAI-45-TW-02-18 18(4)
l l

PAI-45-TW03 PAI-45-TW-03-07 7 l l

PAI-45-TW-03-18 18(4)
l l

PAI-45-TW04 PAI-45-TW-04-07 7 l l

PAI-45-TW-04-18 18(4)
l l

PAI-45-TW-04-xx TBD(7)
l

PAI-45-TW05 PAI-45-TW-05-07 7 l l

PAI-45-TW-05-18 18(4)
l l

PAI-45-TW-05-40 40(5)
l l

PAI-45-TW-05-xx TBD(7)
l

PAI-45-TW06 PAI-45-TW-06-07 7 l l

PAI-45-TW-06-18 18(4)
l l

PAI-45-TW-06-xx TBD(7)
l

PAI-45-TW07 PAI-45-TW-07-07 7 l l

PAI-45-TW-07-18 18(4)
l l

PAI-45-TW08 PAI-45-TW-08-07 7 l l

PAI-45-TW-08-18 18(4)
l l

PAI-45-TW-08-40 40(5)
l l

PAI-45-TW-08-xx TBD(7)
l

PAI-45-TW09 PAI-45-TW-09-07 7 l l

PAI-45-TW-09-18 18(4)
l l

PAI-45-TW10 PAI-45-TW-10-07 7 l l

 PAI-45-TW-10-18 18(4)
l l

PAI-45-TW-10-40 40(5)
l l

PAI-45-TW-10-xx TBD(7)
l

PAI-45-TW11 PAI-45-TW-11-07 7 l l

PAI-45-TW-11-18 18(4)
l l

PAI-45-TW-11-40 40(5)
l l

PAI-45-TW-11-xx TBD(7)
l

PAI-45-TW12 PAI-45-TW-12-07 7 l l

PAI-45-TW-12-18 18(4)
l l

PAI-45-TW13 PAI-45-TW-13-07 7 l l

PAI-45-TW-13-18 18(4)
l l

PAI-45-TW-13-xx TBD(7)
l

PAI-45-TW14 PAI-45-TW-14-07 7 l l

PAI-45-TW-14-18 18(4)
l l

PAI-45-TW-14-40 40(5)
l l

PAI-45-TW-14-40 TBD(7)
l

PAI-45-TW15 PAI-45-TW-15-07 7 l l

PAI-45-TW-15-18 18(4)
l l

PAI-45-TW16 PAI-45-TW-16-07 7 l l

PAI-45-TW-16-18 18(4)
l l

PAI-45-TW-16-xx TBD(7)
l

PAI-45-TW17 PAI-45-TW-17-07 7 l l

PAI-45-TW-17-18 18(4)
l l

PAI-45-TW18 PAI-45-TW-18-07 7 l l

PAI-45-TW-18-18 18(4)
l l

PAI-45-TW19 PAI-45-TW-19-07 7 l l

PAI-45-TW-19-18 18(4)
l l

Sample Location Sample Designation Sample Depth (ft below 
ground surface)



TABLE 7-2

SUMMARY OF GROUNDWATER SAMPLING
SITE 45 - MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA
PAGE 2 OF 2

Sample Analysis

QT VOCs DNAPL Sampling Soil Logging(3)
Sample Location Sample Designation Sample Depth (ft below 

ground surface)

PAI-45-TW20 PAI-45-TW-20-07 7 l l

PAI-45-TW-20-18 18(4)
l l

PAI-45-TW21 PAI-45-TW-21-07 7 l l

PAI-45-TW-21-18 18(4)
l l

PAI-45-TW22 PAI-45-TW-22-07 7 l l

PAI-45-TW-22-18 18(4)
l l

PAI-45-TW23 PAI-45-TW-23-07 7 l l

PAI-45-TW-23-18 18(4)
l l

PAI-45-TW24 PAI-45-TW-24-07 7 l l

PAI-45-TW-24-18 18(4)
l l

PAI-45-TW25 PAI-45-TW-25-07 7 l l

PAI-45-TW-25-18 18(4)
l l

Notes:  
1.  Approximately ten additional wells may be installed to further delineate the extent of groundwater 
     contamination.  
2.  Additional permanent wells may be installed in downgradient locations.
3.  DNAPL screening will also be conducted if significant PID readings are obtained (greater than 50 ppm).
4.  To be sampled above the Hawthorn Formation.  The Hawthorn formation is anticipated to occur at a 
     depth of approximately 20 feet bgs.
5.  To be sampled in a water-bearing zone below the Hawthorn formation at a maximum depth of 40 ft bgs.  
     If a water-bearing zone is not observed, a sample will not be collected.
6.  Natural Attenuation sampling will be performed on five established monitoring wells after an initial round of 
     sampling results have been analyzed.
7.  DNAPL screening will be conducted if significant PID readings are obtained (greater than 50 ppm).

TBD = To be determined
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8.0  QUALITY ASSURANCE PLAN

A general discussion of the data quality process is provided in the Master Work Plan (B&R Environmental,

1998).  Site-specific data quality objectives are provided in Section 4.0, and the laboratory DQOs are

discussed in Section 10.0 of this document.



REVISION 1
FEBRUARY 2001

090015/P 9-1 CTO 0127

9.0  PROJECT MANAGEMENT ORGANIZATION

Tetra Tech NUS, Inc. will be responsible for management, implementation, and inspection of the field

investigation for MCRD Parris Island Site 45.  Tetra Tech NUS, Inc. will coordinate activities with program

personnel and MCRD Navy personnel when appropriate.

9.1 PROJECT ORGANIZATION

An organizational chart of the site-specific project personnel for this investigation is provided in Figure 9-1.

9.2 PROJECT PERSONNEL RESPONSIBILITIES

A description of responsibilities of individual project team members is provided below.

The responsibilities of the Task Order Manager (TOM) are provided in the Master Work Plan.  The Field

Operations Leader (FOL) will be responsible for coordinating all site personnel and field activities.  The

FOL will

•  Act as liaison between the TOM, field team members, site safety officer (SSO), and site QA/QC

officer.

•  Supervise all subcontractors.

•  Oversee the mobilization and demobilization of all equipment, personnel, and subcontractors, and

ensure the availability and maintenance of all field sampling and monitoring equipment and

materials.

•  Oversee the completion of all site documentation.

•  Assume custody of all samples and ensure the proper handling and shipment of all samples.

•  Resolve all logistical, weather, personnel, and equipment problems that may arise and initiate field

change requests after consultation with the TOM, when necessary.
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The site QA/QC Officer will be responsible for ensuring all site activities are performed according to the

QA/QC guidelines outlined in the Master QAP.  The Site QA/QC officer will

•  Act as liaison between the Tetra Tech NUS quality assurance manager (QAM) and laboratory and

site personnel.

•  Ensure that field duplicates and quality control blanks are collected at the proper frequency and

volume.

•  Ensure that all measuring and testing equipment is calibrated, used, and maintained in accordance

with applicable procedures.

•  Manage bottleware procurement and oversee field preservation and filtration activities.

The SSO will advise the FOL on issues of site health and safety.  The duties of the SSO are described in

the Master Health and Safety Plan (HASP) of the Master Work Plan, Volume II (B&R Environmental,

1998).



B&R Environmental
Task Order Manager

(TOM)

Dave Brayack

Tetra tech NUS
Field Operations Leader (FOL)

TBA

Tetra tech NUS Staff

•  Field Engineers
•  Geologists
•  Hydrogeologists
•  Technicians
•  Office Support Staff

FIGURE 9-1

PROJECT PERSONNEL ORGANIZATION
SITE 45 - MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Subcontractors

•  Drillers
•  Analytical Laboratory
•  Surveyors

Tetra tech NUS
Site QA/QC Officer

Paul Frank

NOAA:   National Oceanic and Atmospheric Administration
PM:         Project Manager
RPM:      Remedial Project Manager
SCNDR: South Carolina Department of Natural Resources
TBA:       To Be Assigned
USFW:    U.S. Fish and Wildlife Service

U.S. Navy
SOUTHDIVNAVFACENGCOM

Art Sanford, RPM

MCRD Parris Island

Timothy Harrington,
Environment Project

Specialist

U.S. EPA Region 4

Rob Pope, RPM

SCDHEC

Jerry Stamps, PM
Don Hargrove, Hydrogeologist

Tetra tech NUS
Site Safety Officer (SSO)

TBA

Natural Trustees

Diane Duncan, USFW
Tom Dillon, NOAA

Priscella Wendt, SCDNR



REVISION 1
FEBRUARY 2001

090015/P 10-1 CTO 0127

10.0  DATA QUALITY REQUIREMENTS

The purpose of this section is to relate the site-specific laboratory analyses and field QA/QC samples to

the DQO statements established for this investigation.  See Figure 1-2 for a schematic of the DQO

process.  The Master QAP of the Master Work Plan (Volume II) is referenced where appropriate.

10.1 LABORATORY ANALYSES

Section 5.0 of the Master QAP describes the laboratory and methodology requirements for the sample

analyses for this investigation.  Section 5.5 of the Master QAP describes the data reporting requirements

for this investigation.  Section 5.6 of the Master QAP describes the criteria for laboratory selection.  The

laboratory selected to perform work at this site must be South Carolina state certified.

10.2 EXTERNAL (FIELD) QC SAMPLES

Section 3.3 of the Master QAP contains a general description of external quality control measures.

10.2.1 Field QC Sample Types and Frequencies

Table 10-1 summarizes the frequency and type of QA/QC samples to be collected for data to be validated

and includes analytical testing of soils (all) and groundwater from permanent monitoring wells.  Soil testing

for geotechnical parameters and groundwater testing for quick turnaround VOCs will not be subjected to

these field QC samples.  However, groundwater testing for quick turnaround testing will include trip blanks

for each cooler plus 10 percent of the samples as duplicates being submitted for confirmation testing.

TABLE 10-1

FREQUENCY OF FIELD QC SAMPLES
SITE 45 – MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Type Of Sample Organics Inorganics

Field Duplicate/ Split Samples 1/10 samples/medium 1/10 samples/medium

Source Water Blank 1/source/sampling event 1/source/sampling event

Trip Blank (VOCs only) 1/cooler containing VOCs samples NA

Equipment Rinsate Blank 1 every 2 days(1)/matrix 1 every 2 days(1)/matrix

Field Blank 1 every 2 days(1) 1 every 2 days(1)

1 Blanks are to be collected and analyzed to document the effectiveness of the decontamination
procedure when reusable sample equipment comes in direct contact with samples to be analyzed.
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Detailed descriptions of QC sample types are provided in Sections 3.3.1 through 3.3.5 of the Master QAP

of the Master Work Plan (Volume II).

10.2.2 Matrix Spike/Duplicate Sample Aliquots

Laboratory duplicate and matrix spike samples will be analyzed as described in Section 3.4 of the Master

QAP of the Master WP (Volume II).  The field sampling team will provide the appropriate additional

sample volume as prescribed by the laboratory requirements.  The additional sample aliquots required for

analysis of matrix spike/duplicates will be collected with a frequency of 1 per 20 samples per matrix.

10.3 BOTTLEWARE REQUIREMENTS

The bottleware and preservation requirements for the analyses proposed for this investigation are

provided in Table 10-2.  Pre-preserved, certified clean bottleware will be supplied by the laboratory

subcontractor.

10.4 SAMPLE CUSTODY AND SHIPMENT

Sample custody procedures are designed to provide proper documentation of sample acquisition and

integrity.  Sample custody and shipment procedures for this investigation are described in Section 4.0 of

the Master QAP of the Master Work Plan (Volume II).

10.5 INTERNAL (LABORATORY) QC CHECKS

Descriptions of the internal (laboratory) QC check types are provided in Section 6.0 of the Master QAP of

the Master Work Plan (Volume II).

10.5.1 Laboratory Duplicate, Spike, and Method Blank Analyses

Table 10-3 summarizes the frequency and type of laboratory QC checks to be performed for this

investigation.
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TABLE 10-3

FREQUENCY OF LABORATORY QC CHECKS
SITE 45 – MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Type Of Sample Organics Inorganics
Laboratory Duplicate NA 1/20 samples/medium
Matrix Spike 1/20 samples/medium 1/20 samples/medium
Matrix Spike Duplicate 1/20 samples/medium NA
Surrogate Spike Each sample for chromatographic

analyses
NA

Method Blank Based on method requirements with a
minimum of 1/batch of 20 samples

Based on method requirements with a
minimum of 1/batch of 20 samples

10.5.2 Other Laboratory QC Checks

Calibration and preventive maintenance of laboratory instruments are described in Section 6.6 of the

Master QAP of the Master Work Plan (Volume II).  Handling and storage of samples, use of qualified

technicians, and independent confirmation of data computations and deliverables are described in the

Laboratory Quality Assurance Plan (LQAP).

10.6 PROJECT RECORDS

Record keeping and evidentiary file concerns are described in Section 7.0 of the Master QAP of the

Master Work Plan (Volume II).  All protocols described therein will be strictly observed.

10.7 DATA REDUCTION, VALIDATION, AND REPORTING

The data generated from this investigation shall be validated in accordance with the U.S. EPA National

Functional Guidelines for Organic and Inorganic Data Review.  The corresponding requirements as

discussed in Section 8.0 of the Master QAP, Volume II, for data validation, data assessment, electronic

deliverables, and data interpretation and reporting will be followed.

10.8 PERFORMANCE AND SYSTEM AUDITS

The protocol for conducting audits as outlined in Section 10.0 of the Master QAP, Volume II, will be

followed.
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10.9 CORRECTIVE ACTIONS

In the event there are discrepancies in field activities from the established procedures and/or requirements

or modifications to the proposed work plan, the procedures established in Section 10 of the Master QAP,

Volume II, for documenting nonconformances shall be implemented and, if appropriate, a Field Task

Modification Request Form will be completed.

10.10 TRAINING AND QUALITY PLANNING

Training requirements and proactive management practices are provided in the Master Work Plan,

Volume II (B&R Environmental, 1998).



TABLE 10-2

SUMMARY OF BOTTLEWARE, PRESERVATION, AND HOLDING TIMES
SITE 45 – MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA
PAGE 1 OF 3

Analysis Analytical
Method

Analysis
Location

Sample
Volume(1)

Bottleware Preservation(2) Holding Time(3)

AQUEOUS (GROUNDWATER)

TCL and Volatile Organic Compounds SW-846 8260B Fixed-base
lab

2 x 40 mL Glass; Teflon-lined
septum cap

HCl to pH<2; Cool to 4°C;
zero headspace

14 days to analysis

Alkalinity EPA 310.1 Fixed-base
lab

250 mL Glass or HDPE Cool to 4°C; Filter if
Turbid

14 days

Hardness EPA 130.2 Fixed-base
lab

250 mL Glass or HDPE HNO3 to pH<2;Cool to
4°C

6 months to analysis

Total Dissolved Solids (TDS) EPA 160.1 Fixed-base
lab

250 mL Glass or HDPE Cool to 4°C 7 days to analysis

Total Organic Carbon (TOC) EPA 415.1 Fixed-base
lab

125 mL HDPE H2SO4 to pH <2; Cool to
4°C

28 days to analysis

Total Suspended Solids (TSS) EPA 160.2 Fixed-base
lab

250 mL Glass or HDPE Cool to 4°C 7 days to analysis

Chloride EPA 300 Fixed-base
lab

250 mL Glass or HDPE Cool to 4°C 28 days to analysis

Ethane/Ethene/Methane (dissolved) RSK SOP-147 &
175

Fixed-base
lab

2 X 40 mL Glass septum vial or
Vaportech VOA
vial

Field bubble-strip
sampling required for
Microseeps.

48 hours to analysis

Fluoride EPA 340.2 Fixed-base
lab

500 mL HDPE None required 28 days to analysis

Nitrate/Nitrite EPA 300 Fixed-base
lab

250 mL Glass or HDPE Cool to 4°C 48 hours to analysis

Phosphate (ortho) EPA 300 Fixed-base
lab

250 mL HDPE Cool to 4°C; Filter if
Turbid

48 hours to analysis

Sulfate EPA 375.4 Fixed-base
lab

250 mL Glass or HDPE Cool to 4°C; Filter if
Turbid

28 days to analysis
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SUMMARY OF BOTTLEWARE, PRESERVATION, AND HOLDING TIMES
SITE 45 – MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA
PAGE 2 OF 3

Analysis Analytical
Method

Analysis
Location

Sample
Volume(1)

Bottleware Preservation(2) Holding Time(3)

AQUEOUS (GROUNDWATER) (Continued)

Conductance, specific SW-9050 A Field 250 mL Glass or HDPE None Required Analyze immediately

Oxidation Reduction Potential (ORP) ASTM d-1498 Field N/A Glass or HDPE None Required Analyze immediately

pH SW-9040B Field N/A Glass or HDPE None Required Analyze immediately

Salinity SM2520B Field 250 mL Glass or HDPE Cool to 4°C Analyze immediately

Temperature EPA 170.1 Field N/A Glass or HDPE None Required Analyze immediately

Turbidity EPA 180.1 Field N/A Glass or HDPE None Required Analyze immediately

Carbon Dioxide (dissolved) HACH CA-DT
-HACH 8205
-Mod. SM 406

Field N/A Test Kit None Required Analyze immediately

Iron, ferrous (Fe+2) HACH DR-850
-HACH 8146
-Mod. SM 315B

Field N/A Test Kit Avoid Agitation; Filter if
Turbid

Analyze immediately

Manganese HACH DR-850
-HACH 8034
-CFR 44(116)
34193

Field N/A Test Kit Avoid Agitation; Filter if
Turbid

Analyze immediately

Oxygen (dissolved) CHEMetrics

K-7501, K-7512
ASTM D5543-94
ASTM D887-92

Field N/A CHEMetrics  Vacuum
Vials

Avoid Agitation Analyze immediately

Sulfide (H2S) HACH HS-C Field N/A Test Kit Avoid Agitation Analyze immediately

Sulfide (S-2) SM 4500-S2 Field N/A Test Kit Avoid Agitation;
Pretreatment
required for turbid
samples

Analyze immediately



TABLE 10-2

SUMMARY OF BOTTLEWARE, PRESERVATION, AND HOLDING TIMES
SITE 45 – MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA
PAGE 3 OF 3

Analysis Analytical
Method

Analysis
Location

Sample
Volume(1)

Bottleware Preservation(2) Holding Time(3)

SOLID (SURFACE & SUBSURFACE SOIL)

TCL Volatile Organic Compounds SW-846 8260B Fixed-base
lab

5 X 5 g Glass EnCore�
Samplers; Teflon-lined
cap; volatiles vial

Cool to 4°C; At lab add
sample to be
preserved with either
sodium bisulfate
solution or by adding
to 5 ml reagent
water and then
freezing at -10°C

Extract within 48 hours; 14 days to
analysis

TCL Semivolatile Organic Compounds SW-846 8270C Fixed-base
lab

8 oz. Glass; Wide-mouth;
Teflon-lined cap

Cool to 4°C 14 days to extraction; 40 days from
extraction to analysis

Total TAL Metals and Tin SW-846
6010B/7000A

Series and
9010B/9012A

Fixed-base
lab

8 oz. Glass; Wide-mouth;
Teflon-lined cap

Cool to 4°C 6 months, except Hg (28 days);
cyanide 14 days

Fraction Organic Carbon (FOC) SW-846 9060 Fixed-base
lab

200 g Glass; Wide-mouth Cool to 4°C; Upgradient
Saturated Soils

14 days to analysis

Total Organic Content (TOC) SW-846 9060 Fixed-base
lab

4 oz. Glass; Wide-mouth Cool to 4°C 28 days to analysis

Vertical Permeabilty/Conductivity ASTM Method
D 5084-90

SW-846 9100

Fixed-base
lab

NA Shelby Tube None None

pH SW-846-9045C Fixed-base
lab

4 oz. Glass; wide-mouth Cool to 4°C Analyze immediately

Grain-size Analysis ASTM D
421/422

Fixed-base
lab

1 qt. Glass; wide-mouth None None

Notes:
1. Sample volume may vary based on the laboratory.
2. HCl – Hydrochloric acid; HNO3 – Nitric acid; NaOH – Sodium hydroxide; H2SO4 – Sulfuric acid.
3. Holding times are measured from the date of collection.
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APPENDIX B 

LETTER WORK PLAN ADDENDUM FOR MONITORING WELL 

INSTALLATION AT SITUSWMU 45 

MWR DRY CLEANING FACILITY 

MCRD PARRIS ISLAND, SOUTH CAROLINA , 

1.0 INTRODUCTION 

Groundwater contamination has been found in surficial monitoring wells installed above peat and clay 

units found at a depth of approximately 20 feet below ground surface (bgs) at Site/SWMU (Site) 45. As a 

result, up to five deep monitoring wells are to be installed at Site 45 at MCRD Parris Island to determine 

groundwater quality conditions below the peat/clay units, which have a combined average thickness of 

about 5 feet at the site. A shallow monitoring well may also be installed adjacent to one of the deep 

monitoring wells. In addition, three shallow piezometers are to be installed near the Site 45 extraction 

wells, to provide drawdown data during the upcoming Site 45 shallow aquifer testing program. 

2.0 FIELD ACTIVITIES 

The field activities will include well drilling and installation, well development, and the disposal of 

investigation-derived waste (IDW). Each of these activities is described below. In addition, the wells will 

be used for aquifer testing activities, which are described in a separate work plan. 

2.1 Well Locations 

The approximate locations of the new monitoring wells and piezometers, along with the rationale for each 

well/piezometer, are described in Table 1 and shown on Figure 1. After construction, a licensed South 

Carolina surveyor will survey the new monitoring wells. 

2.2 Well/Piezometer Drillinq and Installation 

The monitoring wells and piezometers will be installed and constructed in accordance with applicable 

state of South Carolina regulations (e.g., Code of Laws of South Carolina 1976, Regulation 61-71 Well 

Standards) and Volume II of the Master Work Plan (B&R Environmental, 1998). A formal request letter 

will submitted to South Carolina Department of Health & Environmental Control prior to advancement of 

the wells/piezometers, and a monitoring well record will be submitted within 30 days after completion. 

This work plan constituents the formal request letter for monitoring well/piezometer installation. The 

piezometers and any shallow wells will monitor the surficial aquifer, and the deep welis will monitor the 
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upper portion of the groundwater flow unit that directly underlies the peat/clay layer that is present at a 

depth of approximately 20 - 25 feet. 
t----b 

Piezometer/shallow well borings will be drilled using hollow stem auger drilling methods, with split barrel 

sampling performed as follows: at locations where no boring logs are available, continuous split barrel 

sampling will be performed for the purpose of determining soil lithology and the depth to confining unit(s). 
At locations where wells have previously been installed and detailed boring logs are available, continuous 

soil sampling will only be performed below these depths, 

Deep well borings will be advanced by drilling down into the peat/clay confining unit, using hollow stem 

auger or mud rotary drilling methods, with soil sampling performed as necessary based on the above 

discussion. Six-inch diameter permanent steel casing will be seated approximately 2-3 feet into the 

confining unit and grouted into place, using cement/bentonite grout placed under pressure using a tremie 

pipe. After the grout has set up in accordance with manufacturer’s recommendations, the boring will be 

continued down to the final depth using mud rotary drilling methods and split barrel sampling. Drill 

cuttings generated will be containerized in roll-off dumpsters. Characterization and disposal of the 

cuttings is discussed in Section 2.5. 

The wells will be constructed with certified clean well construction materials. Monitoring wells/piezometers 

will be constructed of 2-inch inner-diameter (I.D.), flush-threaded polyvinyl chloride (PVC) well screen and 

compatibly threaded PVC well casing riser.. The PVC will meet National Sanitation Foundation (NSF) 

Standard 14 as specified in United States Environmental Protection Agency (U.S. EPA) Region 4 

Environmental Investigations Standard Operating Procedure and Quality Assurance .Manual (EISOPQAM 

- U.S. EPA, 1996). PVC is appropriate for the application because sorption and leaching are not of 

sufficient impact to affect the pipe, and PVC is expected to function properly for the expected duration of 

this project. 

,,-----, 

Well screens for piezometers and monitoring wells will be 10 feet long with O.OlO-inch openings. A 

primary filter pack of clean silica sand (U.S. Standard sieve size No. 20-30) will be installed from 6 to 12 

inches below the bottom of the well to a minimum of 2 feet above the top of the well screen. A minimum 

2-foot-thick seal of 100percent sodium bentonite pellets will be installed above the primary filter pack and 

allowed to hydrate in accordance with the manufacturer’s recommendations. After installation of the 

bentonite seal, the seal will be hydrated with potable water. The annular space above the bentonite seal 

will be grouted with neat cement or a bentonite/cement mixture from the top of the bentonite seal to a 
point at least 2 feet bgs. The concrete used to form the pad will fill the remaining annular space. 

P10109S45WPAPPBMW, 09-13-01 B-2 CT0 0127 



All wells and piezometers will be labeled with well tags. The well tags will contain the following 

information: 

l Well identification number 

l Date of construction 

l Drilling contractor and certification number 

l Depth of well 

l Screened interval 

l Latitude and longitude of well location 

The monitoring wells will be developed to remove formation cuttings (as well as any residual drilling 

fluids), as described in’ the Master Field Sampling Plan, Volume II (B&R Environmental, 1998). Each 

monitoring well will be equipped with a steel protective casing with a 3-foot by 3-foot concrete pad and 

bollards. The concrete pad will extend a minimum of 6 inches below the ground surface. 

2.3 Well Develotament 

Development of the groundwater monitoring wells will be performed using a surge block and electric 

pump with discharge tubing. The surge block is used to sweep the screen interval (and filter pack) 

several times throughout the development process. The well water will be pumped into 55-gallon drums 

or bulk containers, labeled as IDW, and sampled/analyzed for disposal as discussed in Section 2.5. 

Water will be collected for field monitoring in a stainless-steel beaker, and an Horiba U-10 will be used to 

measure field parameters consisting of temperature, specific conductance, pH, salinity, dissolved oxygen, 

and turbidity. At least three times the calculated well volume of water will be removed during 

development. If potable water is used to fill the augers during drilling to prevent sand from flowing into 

the augers, to remove a sand bridge during installation of the sand pack, or to flush the tiorehole and 

hydrate the bentonite seal, the amount of water used (measured in 5-gallon buckets) will be noted in the 

field book. Five times that amount will be removed before the minimum of three well volumes is removed. 

Readings will be collected until the field parameters, with the exception of dissolved oxygen, stabilize and 

the required removal volume of water for each well is removed. 

A target turbidity of 5 to 10 NTUs will be used in an attempt to reduce the turbidity as much as possible 

during the development phase. Time pumped, volume of water pumped, and the turbidity of the water will 

be used to determine whether to suspend development once stabilization has been achieved. 

F”“, 2.4 Auuifer Testinq 

P10109S45WPAPPBMW, 09-13-01 B-3 CT0 0127 



Slug tests will be performed at all newly installed monitoring wells and piezometers in accordance with 

the Master Field Sampling Plan, Volume II (B&R Environmental, 1998) and the Site 45 Aquifer Testing 

Plan. The data generated from these tests will be used to verify the local hydrologic characteristics. 

Selected wells will also be monitored during upcoming pumping test activities at Site 45. 

2.5 Investiqation-Derived Waste (IDW) Disposal 

The generated waste will be containerized as discussed above, sampled for disposal criteria, and stored 

at a temporary storage location until the results of the analytical data are available. The IDW will then be 

disposed of in an appropriate manner. 
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TABLE 1 

ADDITIONAL PERMANENT MONITORING WELLS 
SITEKWMU 45 - MWR DRY CLEANING FACILITY 

MCRD PARRIS ISLAND, SOUTH CAROLINA 

Phase 
1. Deep Groundwater 
Evaluation 

1A 

Objective Well ID/ Depth Rationale 
l Complete delineation PAI-45MWOl D/ l Monitoring well is to be installed to determine vertical 

of potentially impacted 32-42 feet bgs. hydraulic gradient at MWOl cluster; and used in 
deep groundwater. conjunction with other deep monitoring wells to determine 

l Determine the deep horizontal gradient across Site 45. 
groundwater horizontal l Monitoring well will also be use to determine the quality of 
flow direction. the deep groundwater. 

l Determine the vertical l This location is currently believed to be hydraulically up 
hydraulic gradient. gradient of the Site. 
between surficial and PAI-45MW04D/ l Monitoring well is to be installed to determine vertical 

deep groundwater 32-42 feet bgs. hydraulic gradient at MW04 cluster; and used in 
conjunction with other deep monitoring wells to determine 
horizontal gradient across Site 45. 

l Monitoring well will also be use to determine the quality of 
the deep groundwater. 

l This location is currently believed to be potentially 
hydraulically down gradient of the Site. 

PAI-45-MW05D/ l Monitoring well is to be installed to determine vertical 
32-42 feet bgs. hydraulic gradient at MW05 cluster; and used in 

conjunction with other deep monitoring wells to determine 
horizontal gradient across Site 45. 

l Monitoring well will also be use to determine the quality of 
the deep groundwater. 

l The location is currently believed to be hydraulically down 
gradient of the Site. . 

0. Delineate horizontal PAI-45MW09D/ l Monitoring well is to be installed down gradient of deep 
extent of deep fuel- 32-42 feet bgs. fuel-type contamination detected at PAI-45-TW19. The 
contaminated well is to be installed after wells PAI-45MWOl D, 04D, 
groundwater and 050 are installed, and the hydrostatic head in these 
associated with PAI- wells contoured to better define groundwater flow 
45-TW19. directions. 
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TABLE 1 (Continued) 
ADDITIONAL PERMANENT MONITORING WELLS 
SITEKWMU 45 - MWR DRY CLEANING FACILITY 
MCRD PARRIS ISLAND, SOUTH CAROLINA 

IB 

Phase Objective Well ID/ Depth Rationaie 

0 Contingency well PAI-45-MW 1 OSU/ l The need for these wells is contingent onthe deep 
cluster in the event that 3-13 feet bgs groundwater flow directions measured in wells PAI-45- 
the deep down PAI-45MW 1 OD/ MWOl D, 04D, and 050. If the deep groundwater flow 
gradient direction is not 32-42 feet bgs direction is not through monitoring wells PAI-45-MW05D 
defined by the wells or -04D, then another deep down gradient well will be 
identified above. required. The location of this well cluster is to be 

determined. 

2. Pump Tests 

l If the deep monitoring well is installed, then a shallow 
monitoring well will also be installed to evaluate the 
vertical groundwater flow gradient. 

l Better define PZ095, 5-l 5 feet bgs l Piezometer is to be installed approximately 5 feet south of 
characteristics of the existing groundwater extraction well RW 1 to provide “near 
surficial aquifer at Site extraction well” drawdown data for pump tests. 
45. 

PZ115, 5-l 5 feet bgs l Piezometer is to be installed between existing 
groundwater extraction wells RW2 *and RW3 to provide 
drawdown data for pump tests. 

PZ105, 5-15 feet bgs l Piezometer is to be installed approximately 5 feet south of 
existing groundwater extraction well RW2 to provide “near 
extraction well” drawdown data for pump tests. 

The surficial aquifer at Site 45 is defined as groundwater from the water table surface down to the top of the clay/peat unit at a depth of 
approximately 15 to 20 feet below ground surface. 
The deep aquifer at Site 45 is defined as groundwater from the bottom of the clay/peat unit at a depth of approximately 20 to 25 feet to 
approximately 55 to 70 feet below ground surface. 
The monitoring wells installed in 1997 will be re-titled to reflect the site number (45) instead of the building number (193), and the “S” and “D” will 
be replaced with “SU” - surficial upper (5 to 10 feet bgs) and “Sk” - surficial lower (11 to 20), respectively. Note that these wells are located in the 
surficial aquifer. 
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APPENDIX C 

DRAFT LETTER WORK PLAN FOR AQUIFER TESTING AT 

SITEISWMU 45 - MWR DRY CLEANING FACILITY 

MCRD PARRIS ISLAND, SOUTH CAROLINA 

1.0 OBJECTIVES 

The objective of the Site 45 aquifer tests is to characterize and quantify the hydraulic characteristics of the 

shallow coastal plain aquifer at the site. The aquifer tests are intended to provide information regarding the 

following: 

. Overall transmissfvky and storativity of the shallow coastal plain aquifer; 

. Capture zone extent for the Site 45 groundwater extraction system; and 

. Horizontal and vertical heterogeneity of the shallow aquifer sediments. 

The test results will be used to .define the local hydraulic conditions, to evafuate groundwater and 

contaminant migration, and .evaluate the effectiveness of the current groundwater extraction system at the 

P site. The results will also be compared against the assumptions used in the groundwater extraction system 

design, to identify any operational modifications that may be appropriate to.optimize the system performance. 

Finally, the data will be used in future groundwater flow and contaminant transport model development and 

calibration that is planned for Site 45. 

2.0 SCOPE OF WORK 

The aquifer tests at Site 45 will include both single well slug tests designed to provide localized data 

regarding aquifer characteristics, and long term pumping tests designed to provide data with which to 

determine the overall hydraulic characteristics of the shallow aquifer. Each of the tests is briefly described 

below. 

Slug tests - All of the monitoring wells at the site will be slug tested to determine the hydraulic conductivity of 

the aquifer materials in the immediate vicinity of each well. The data ,will be combined and averaged to 

develop hydraulic conductivity estimates for the shallow aquifer. Comparisons of test results from the wells . 

will also be made to determine both the horizontal and vertical variability of the shallow aquifer in regards to 

hydraulic conductivity. The slug tests will consist of rising head tests, performed by withdrawing a slug of 

water (or a solid slug) from the well to depress the water level, then measuring the rate of recovery back to 

static conditions. 
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Pumping tests - Both short term and long term pumping tests will be performed, using the Site 45 

groundwater extraction system, to determine the overall hydraulic characteristics of the shallow aquifer at the 

site. The tests will be performed by pumping at a constant rate (averaged over time) from the extraction 

wells and periodically measuring drawdowns in the nearby observation wells. The drawdowns measured in 

the observation wells will provide a direct indication of the extraction system’s influence on local groundwater 

and the most accurate data regarding the local aquifer characteristics, especially as they apply to capture 

zone analysis. 

i---Y 

K 

3.0 FIELD PROCEDURES 

3.1 SIUCI Tests 

All 16 currently existing monitoring wells at Site 45 plus the new monitoring wells to be installed at the site will 

be slug tested during the field investigation. The slug tests will consist of rising head tests, performed by the 

. sudden withdrawal of a slug of water (or a solid slug) from the well to depress the water level, then the 

collection of a series of water level measurements to determine the rate of recovery back to static conditions. 

A data logger and transducer will be used to record water level recovery measurements on a logarithmic 

time schedule, to ensure that a sufficient number of measurements are collected to produce an ‘accurate 

recovery trend. Water level recovery data will be field plotted immediately following each test to evaluate the 
,/-- 

data quality. If the recovery data does not show a clearly defined and consistent trend, the slug test will be, 

repeated. Slug tests will be performed in general accordance with Tetra Tech NUS SOP GH-2.4 (Appendix 
. 

4 

3.2 Pumpina Tests 

Two pumping tests will be performed as part of the site investigation. The first test will be a short-term 

(approximately 12-36 hr) test that will entail pumping. one of the extraction wells and collecting water level 

data from nearby observation wells. The data from this test will be evaluated real-time to generate estimates 

of aquifer transmissivity and storativity, which will in turn be used to finalize the approach for the long term 

pumping test. 

, 
The second pumping test will be a I~g term (approximately 3 to 7 days) test that will entail the concurrent 

startup and continual operation of all three extraction wells. Water level measurements will be periodically 

collected from all Site 45 wells during the pumping test and during the subsequent recovery phase after 

pumping has been discontinued. The data from this test will be evaluated to more accurately determine 

aquifer characteristics and to determine the extraction well system’s effects on local groundwater during 

normal operating conditions. The results of the data evaluation will be used for capture zone evaluation and 

future groundwater flow and contaminant transport modeling. 
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The Site 45 extraction wells operate on a continuous cycling on/off basis. The set pumping rates are higher 

than the maximum yields of the wells, and current information suggests that the rates cannot be reduced any 

further than currently set due to submersible pump efficiency limitations. As a result, the wells operate until 

the water level is drawn down to the low level shutoff switch, then the.pumps shut off. The pumps,are 
automatically turned on again when the water level in the well recovers up to the high level start switch. This 

on-off cycling of the pumps will likely cause some fluctuations.in water levels in nearby observation wells 

during the pumping,tests. For the short term test, where a detailed evaluation of time-drawdown data will be 

performed, these fluctuations may compromise the data quality beyond an acceptable level, therefore a 

substitute pump will be installed in the pumping well and used for the test. For the long term test where the 

data evaluation approach will not be as sensitive to short term water level fluctuations, the pumps currently 

operating in the extraction wells will be utilized. As long as the long temt average pumping rate remains 

consistent, the drawdown data should be usable for aquifer characteristics determinations. 

The water pumped during both tests will be routed through the existing Site 45 groundwater treatment 

system for removal of contaminants, then discharged to the sanitary sewer system. General guidance for 

. conducting pumping tests is provided in Tetra Tech NUS SOP GH-2.3 (Appendix A). 

3.2.1 Short Term Pumping Test 

PumoinalObservation Well Network 

For the short term pumping test, extraction well RW3 will be pumped at a consistent average rate 

(approximately 2 gpm) and water level readings will be periodically collected from nearby observation wells, 

including wells MW03SU/SL, MWoGSU/SL, and MW07SU/SL, RW2, and new observation wells PZlO5 and 

PZ115 (see Figure 1). Distances from the pumping well to each of the observation wells will be field 

measured and recorded in the field logbook. Pressure transducers will be used for water level monitoring fn 

these wells and will be set in the wells at depths below the maximum anticipated drawdown levef due to 

pumping. In addition, once drawdowns of 0.2 ft or more are measured in observation wells MW03SU/SL 

and/or MW07SU/SL, manual measurements of water levels in more distant wells at Site 45 will be collected 

periodically during the remainder of the test. ‘. 

Water levels will be manually collected from wells MWOlSU/SL and MWO4SUEL prior to test startup and 

every 2 hours during the short term pumping test, to provide background water level trend data and to see if 

groundwater levels at Site 45 vary cyclically in response to tidal influences. 

Test Procedures 

Immediately prior to beginning the pumping test, a round of water levels will be obtained from the observation 

wells’(measured with an electronic water level meter). Concurrent with starting the pump in RW3 for the 
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pumping test, the collection of water level readings from the observation wells will begin. Data loggers will be 

programmed to collect water level data from the observation wells at logarithmic time intervals throughout the 

test, using the log cycle data logger recording option. If significant drawdowns (> 0.2 ft) are observed in RW2 

or MW07SLVSL during the pumping test, the water level monitoring wili be extended out to include additional 

wells (hand measurements only). Hand measurements of water levels will also be collected from all of the 

transducer-monitored observation wells periodically (every few hours) throughout the duration of the test, to 

verify the transducer data. 

-.. 

The pumping rate will be recorded at least every 10 minutes during the first hour of the test, at 30 minute 

intervals for the next 3 hours of the test, every hour forthe next 4 hours of the test, then every 2 hours until 

test completion. The average flow rate will be calculated by recording the flowmeter reading (total gallons 

pumped) for the pumping well, subtracting the previous reading from the current reading, and dividing the 

resulting cumulative flow volume by the time elapsed. between measurements. The average flow rate for 

each time period will be maintained within a variance of 5 percent for the test, to the extent possible. 

Transducer data will be periodically downloaded during the test and the observation well drawdowns 

calculated/field plotted on semi-log and log-log paper, to allow for real-time evaluation of the drawdown 

trends. The field data plots will be used to evaluate drawdown trends, look for boundary conditions, project 

drawdowns for the latter stages of the test, and to determine whether steady-state drawdown conditions have 

been reached. Field personnel will be in frequent communication with senior technical personnel to provide 

updates of the test progress. The test will be run until sufficient data is collected to allow for application of 

standard pumping test evaluation techniques to the data (i.e., well defined drawdown trends are established), 

or until otherwise deemed appropriate to terminate the test based on field conditions encountered. 

3.2.2 Long Term Pumping Test 

Pumpinct/Observation Well Network 

For the long term pumping test, all three extraction wells (RWl, RW2, and RW3) will be pumped at a 

constant average rate (approximately 4 to 5 gpm cumulative flow rate). Water level readings will be 

periodically collected from all of the Site 45 wells, including wells MWOlSU/SL, MWu2SU/SL, MW03SU/SL, 

MWO4SU/SL, MW05SU/SL, MWOGSlJ/SL, MW07SU/SL, MWO&U/SL, the 4 new deep monitoring wells, 

and new observation wells PZ095, PZ105, and PZ115 (see Figure 1). Distances from the pumping wells to 

each of the observation wells will be field measured and recorded in the field logbook. 

Pressure transducers will be set in selected wells (MWO&SU/SL, MW07SU/SL, MW08SU/SL, and new 

observation wells PZ095, PZ105, and PZ115) at depths below the maximum anticipated drawdown level due 

to pumping. The remaining observation wells will be monitored for drawdown through the collection of 

manual water level measurements. 

.r----.. 
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Since all of the Site 45 wells potentially will be impacted by pumping and there are no other wells nearby, it 

does not appear that any wells are present which could be used to identify and make trend corrections to the 

observation wells. As a result, trend data will be extrapolated directly .from the wells monitored during the 

test. Pre-pumping static water levels in the wells will be compared against post-pumping static water levels, 

and a straight-line trend projection will be made based on the water levels before and after the test. This 

extrapolated trend data will be applied tp the drawdown data as necessary. The application of this trend 

correction technique requires that no &gnifiiant precipitation events occur between the pre- and 

post-pumping test static,water level measurements. 

Test Procedures 

Immediately prior to beginning the pumping test, a round of water levels will be obtained from the pumping 

wells and all observation wells (measured with an electronic water level meter) to determine the prepumping 

potentiometric surface. Concurrent with starting the extraction well pumps for the pumping test, the collection 

of water level readings from the pumping and observation wells will begin. Data loggers will be programmed 

to collect water level data from the observation wells at logarithmic time intervals throughout the test, using 

the log cycle data logger recording option. For the observation wells that will be monitored for drawdown 

through hand measurements, water level readings will be collected approximately 10,20, 30,40,60,80, 120, 

160,200,240,300,360,480,600, and 720 minutes after system startup; every 4 hours thereafter within the 

first 36 hours of operation; every 8 hours thereafter within the first 72 hours of system operation, then at least 

twice daily until the test is concluded. 

Hand measurements of water levels will also be collected from transducer-monitored wells periodically (every 

few hours during the first day of operation, then once daily after the first day) throughout the duration of the 

test, to verify the transducer data. In addition, the transducer data will be periodically downloaded during the 

test and the drawdowns calculated/field plotted on semi-log and log-log paper to allow for real-time evaluation 

of the drawdown trends. The field data plots will be used to evaluate drawdown trends, look for boundary 

conditions, project drawdowns for the latter stages of the test, and to determine whether steady-state 

drawdown conditions have been reached. Field personnel will be in frequent communication with senior 

technical personnel to provide updates of the test progress. 

The pumping rates will be measured and recorded at least every 10 minutes during the first hour of the test, 

at 30 minute intervals for the next 3 hours of the test, every hour for the next 8 hours of the test, then during 

every round of hand-measured water levels until test completion. The average flow rates will be measured 

by recording the flowmeter readings (total gallons pumped) for the pumping wells, subtracting the previous 

readings from the current readings, and dividing the resulting cumulative flow volume by the time elapsed 

between measurements. The average flow rate for each time period will be maintained within a variance of 

5 percent for the test, to the extent possible. 
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The long-term pumping test will be run for a maximum of 7 days. The test may be terminated prior to the full 

duration if steady-state drawdown conditions are reached in the pumping and observation wells, or if 

changing field conditions make the data obtained from further testing of highly questionable usefulness (i.e., 

a sustained rainfall event occurs that ‘causes. significant water level changes in the wells). To the extent 

possible, the test will be scheduled during a time period when no significant precipitation is anticipated, to 

avoid precipitation-related complications. 

At the conclusion of the active pumping phase of the test, recovery measurements will be taken in ail 
observation wells in which significant drawdowns were observed, for a period of 24 hours. In addition, 

synoptic rounds of water level measurements will be obtained from all of the observation wells approximately 

24 and 48 hours after the conclusion of the long term pumping test. 

4.0 DATA EVALUATION 

4.1 Slua Tests 

Slug test data will be evaluated using the Hvorslev basic time lag method. Water level recovery rates 

(residual drawdown/maximum drawdown versus time) will be plotted on semi-log graph paper. The hydraulic’ 

conductivity of the aquifer in the immediate vicinity of the well screen will be calculated based on the recovery 

rate and on monitoring well-specific physical parameters (well diameter, screen length, borehole diameter). 

The resulting hydraulic conductivity values for the wells will be evaluated to generate overall average 

hydraulic conductivity values for the shallow aquifer, determine the variability of hydraulic conductivity, 

determine whether any trends exist regarding hydraulic conductivities in shallow versus deep portions of the 

aquifer, and identify any lateral spatial trends. 

;c‘?. 

4.2 Pumuina Tests 

Drawdown data obtained from the wells monitored during the pumping tests, along with pumping rate data, 

will be evaluated to determine aquifer transmissivity and storativity. Prior to analysis, the data will be 

corrected for dewatering, trend, and/or tidal influences,, if necessary. It is not anticipated that partial 

penetration corrections will be required, however they will also be applied if necessary. The corrected data 

will be plotted on both semi-log and log-log graph paper and analyzed using appropriate data analysis 

methods. Both time-drawdown and distancedrawdown methods will ‘be considered for use, with final 

selection of the analysis methods made based a review of the data plots and hydrogeologic conditions. 

,F--.. 
The aquifer transmissivity determined from the pumping tests, along with the extraction system flow rate 

and the background groundwater flow gradient determined using the prepumping rounds of water levels, 

P10109S45WPADDPT, 09-28-01 6 CT0 0127 



will be used to calculate the capture zone of the groundwater extraction system under the current 

operational conditions and under potential future operational modes that differ from the current conditions. 

In addition, the aquifer characteristics data generated from both the pumping and slug tests may be used 

at a later time for modeling of groundwater flow and contaminant transport. 
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1.0 PURPOSE 

This guideline is intended to describe procedures for performing in-situ hydraulic conductivity testing (slug 
testing) in boreholes and monitoring wells, and prqvide a short description of commonly used evaluation 
techniques for the data generated. Slug tests are used to provide data regarding the hydraulic properties 
of the formation tested. A variation of the slug test, called a constant-head test, is also briefly described. 

2.0 SCOPE 

Slug tests are shctt-term tests designed to provide approximate hydraulic conductivity values fqr the 
portion of a formation immediately surrounding the screened/open interval of a well’or boring.. These tests 
are much less accurate than pumping tests, as a much more localized area is invoked. Therefore, a 
number of slug tests ‘are typically performed and averaged to determine a representative hydraulic 
conductivity value for the formation tested. Performance of slug tests may be preferable to pumping tests 
in situations where handling of large volumes of contaminated water is a concern or when time/budget ’ 
constraints preclude the more expensive and time-consuming setup and performance of a pumping test. 

Constant-head tests also are used to determine hydraulic c&ductivii values and are simitar to slug tests 
w*kh regard to the quality of data obtained and time/cost considerations. A disadvantage of constant-head 
tests is that a .significant volume of water may be added to high-penneabilii formations, potentially 
affecting short-term water quality. 

3.0 GLOSSARY 

Hydraulic Conductivity (K) - A quantitative measure of the ability of a porous material to transmit water, 
defined as the volume of water that will flow through a unit cross-sectional area of porous material per unit 
time under a head gradient of 1. -Hydraulic conductivity is dependent upon properties of the medium and 
fluid. Common units df expression include centimeters per second (cmlsec), feet per day (ft/day), and 
gallons per day per foof (gpd/ff).- 

Transmissivity (T) - A quantitative measure of the ability of an aquifer to transmit water. The product of 
the hydraulic conductivity times the saturated thickness. 

Slug Test - A rising head or falling head test used to measure hydraulic conductivity., A slug test consists 
of instantaneously changing the water level within a well and measuring the rate.of recovery of the water 
level to equilibrium conditions. Slug tests are performed by either withdrawing a slug of water (rising head 
test) or adding a slug of water (falling head test), then measuring recovery over time. A solid slug of 
known volume can be used to displace a volume‘of water, thereby simulating the addition or removal of 
water. 

4.0 RESPONSlBlLlllES 

Project Hydrogeologist - The project hydrogeologist, in conjunction with the Project Manager, shall 
evaluate the type(s) and extent of hydra& testing required for a given project during the planning 
process, and design the field program accordingly. The’project hydrogeologist also shall ensure that fieM 
personnel have the necessary training and guidance to properly perform the tests, and shall oversee data 
reduction activities, including selecting the appropriate evaluation techniques and checking calculations 
for accuracy. 

. 
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Field’ Geologist - The field geologist is responsible for performing the planned field tests as specified in the 
project planning documents, (or approved modifications thereto). The field geologist also generally 
assists in the ,data evaluation process. The field geologist shall be knowledgeable in the testing 
methodologies used and is responsible for obtaining the necessary support equipment required to perform 
the field tests. All applicable data regarding testing procedures, equipment used, well construction, and 
geologic/hydrogeologic conditions shall be recorded by the field geologist The field geologist shall be 
familiar enough with testing procedures/requirements to be able to recommend changes in methodology, 
should unanticipated field conditions be encountered. 

5.0 PROCEDURES 

5.1 In-situ Hydraulic Conductivity Testing in Wells 

.Slug tests are commonly performed in completed welts. Prior to testing, the well shall be thoroughly 
developed and allowed to stabilize, in order to obtain accurate results. Once the water level within the 
well has stabilized at its static level, it shall be quickly raised or towered and the rate of recovery 
measured. 

One of the basic assumptions of slug testing is that the initial change in water level is instantaneous; 
therefore, an effort shall be made to minimize the time involved in raising or lowering the water level 
initially. Various methods can be used to induce instantaneous (or nearly instantaneous) changes in 
water level within the well. A rise in water levels can be induced by pouring water into the well. A solid 
slug of known volume, quickly lowered below the water level within the well, will displaoean equivalent 
volume of water and raise the water level within the well. The slug can be left in place until the water level 
restabilizes at the static water level, then suddenly removed to create a drop in water level within the well. 
An advantage of using a solid cylinder of known volume (slug) to change the water level is that no water is 
removed’or added to the monitoring well. This eliminates the need to dispose of contaminated water 
and/or add water to the system. A bailer or pump can be used to withdraw water from the well. If a pump 
is used; pumping shall not continue for more than several seconds so that a cone of depression is not 
created which would adversely impact testing results. The pump hoss shall also be removed from the 
well during the recovery period, as data analysis techniques involve volume of recovery versus time, and 
leaving the hose within the well would distort the calculated testing results by altering the apparent volume 
of recovery; Falling head slug tests should only be performed in wells with fully submerged screens, while 
rising head slug tests can be performed in wells with either partially or fully submerged screens/open 
intervals. 

Other methods that ,can be used ‘to change water levels within a well include creating a vacuum or a high 
pressure environmentwithin the well, The vacuum method will raise water levels within the well, while the 
pressure method will depress the water level in the well. These methods are partiiulariy useful in highly 
permeable formations where other methods are ineffective in creating measurable &ranges in water 
levels. Both of these methods are limited to wells which have completely submerged screens. 

Rate of recovery measurements shall be obtained from time zero (maximum change in water level) until 
water level recovery exceeds 90 percent of the initial change in water level. In low permeabilii 
formations, the test may be cut-off short of 90 percent recovery due to time constraints. Time intervals 
between water level readings will vary according to the rate of recovery of the well. For a moderately fast 
recovering well, water level readings at 0, Oil, 0.2, 0.3, 0.4, 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 2.5, 3.0, 4.0, . . . 
minutes may be required. With practice, readings at down to 0.05-minute (3seconds) time intervals can 
be obtained with reasonable accuracy, using a pressure transducer and hand held readout. For wells 
which recover very fast, a pressure transducer and data logger may be required to obtain representative 
data. Time intervals between measurements can be extended for slow recovering wells. A typical 
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schedule for measurements for a slow recovering well would be 0, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 
6.0, 8.0, 10.0, 15.0, 20.0, 30.0, . . . minutes from the beginning the test Measurements shall be taken 
from the top of the well casing. 

Water level measurements can be obtained using .an electric water level indicator, popper, or pmswre 
transducer. Steel tape coated with chalk or water’sensitive paste although very accurate, is a slow&r . 
method of obtaining water levels and is generafly not recommended for use due to the frequency at which 
water level measurements need to be obtained during the performance of a slug test 

Time/recovery should be field-plotted on semilog graph paper to determine the data quality. The data set 
should plot along a sloped, straight line. If excessive data scatter is observed, the test should be rerun 
until acceptable results are obtained. 

The following data shall be recorded when performing slug tests in wells or borings: 

v Well/boring ID number 
l Total depth of well/boring 
l Screened/open interval depth and length 

’ l Gravel pack interval depth and length 
l Well stickup above ground surface 
l Gravel pack radius 
0 Static water level 
l Aquifer thickness 
l Depth to confining layer 
l Time/recovery data 

A variation of the slug test, called a constant-head test, is a test in which water is added to the well at a 
measured rate sufficient to maintain the water level in the well at a constant height above the static water 
level. Once a stable elevated water level has been achieved, discharge (pumping) rate measurements 
are recorded in place of timelrecovery data for approximately IO to 20 minutes. The hydraulic 
conductivity is then calculated from this information. The constant-head test is generally not 
recommended for monitoring wells as large volumes of water may be introduced into the screened 
formation, potentially impacting later sampling events. 

5.2 In-situ Hydraulic Conductivity Testing in Borings 

Slug tests can be performed in borings while the boring is being advanced. This permits testing of 
formations at different depths throughout the drilling process. Boreholes to be tested shall be drilled using 
casing, so that discrete depths may be investigated. Various tests and testing methods are described 
below. The most appropriate test and testing method to be used in a situation varies and shall be 
selected after a careful evaluation of drilling, geologic, and general site conditions. 

Rising head or falling head slug tests can be performed in satuiated and unsaturated formations during 
drilling. There are two ways that the tests can be performed. One way entails setting the casing flush 
with the bottom of the boring when the desired testing depth has been reached. The hole is then cleaned 
out to remove loose materials, the drill bit and rods are carefully withdrawn from the boring, and a few feet 
of sand (of higher permeability than the surrounding formation) is added to the bottom of the boring. After 
the water level in the boring has stab/lied (for saturated formations), the static water level is measured 
and recorded. The water level is then raised (falling head test) or lowered (rising head test) and the 
change in water level is measured at time intervals determined by the field hydrogeologist Only falling 
head tests can be performed for depth intervals within the unsaturated (vadose) zone. As described for 

. 
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WeIfS, time intervals for Water tevej measurements will vary according to the formation!s hydraulic 
conductivity. The faster the rate of recovery expected, the shorter the time intervals between 
measurements shall be. The rate of change of water level will be used to calculate hydraulic conduct+~ity.’ 
The test is to be conducted until the. water level again stabilizes, .or for a minimum of 20 minutes. In low 
permeability formations, it is not always practical to run the test until the water level stabilbes,. as it may 
take a long time to do so. The top of the casing shall be used’as the reference point for all water level 
measurements. 

The second method for conducting a slug test during drilling consists of placing a temporary well with a 
short screen into the cleaned-out boring, pulling the drilling casing back to expose me screen, allowing the 
formation to collapse around the screen (or placing a sand/gravel pack around the screen), and 
performing the appropriate hydraulic conductivity test in the well, as described for the first method. Again, 

-the test shall be conducted until the water level stabilizes or for a minimum of 20 minutes. This method 
allows for testing a larger section of the formation and results in more reliable hydraulic conductivity 
estimates. 

Constant-head tests may also be performed in borings. As described for monitoring wells, once a stable 
elevated level has been achieved, the discharge rate into the boring is measured for a period of time, 
usually 10 to 20 minutes, and the hydraulic conducti&y is calculated from this. This method is the most 
accurate method depicted in this.section, and shall be given preference over others if the materials, are 
available to perform the test and the addition of water to the boring does not adversely impact project 
objectives. Once the test is over, additional information can be gathered by measuring the rate of the 
drop in water level in the boring (for saturated formations}.. A limitation of the constant-head test is that 
foreign water is introduced. into the formation which must be removed from the well area by natural or 
artificial means, before a representative groundwater sample can be obtained. 

Detailed descriptions regarding the performance of borehole hydraulic.conductivity tests and subsequent 
data analysis techniques are provided in Ground Water Manual (1981). 

5.3 Data Analysis 

There are a number of data analysis methods available to reduce and evaluate slug testing data. The 
determination of which method is most appropriate shall be made based on the testing conditions 
(including physical setup of the weli/boring, tested, hydrogeologic conditions, and testing methodology) 
and the limitations of each test analysis method. Well construction details, aquifer type (confined or 
unconfined), and screenediopen interval (fully or partially penetrating the aquifer) shall be taken into. 
account in selecting an analysis method. Cooper, et al, (1957), and Papadapulos, et al. (1973) have 
developed test interpretation procedures for fully penetrating wells in confined aquifers. HvOrslev’(l951) 
developed a relatively simple analytical procedure for point piezometem in an infinite isotropic medium. In 
Cedergren (1967). ,Hvorslev presenk a number of analytical procedures whii cover a wide variety of 
hydrogeologic conditions, testing procedures, and well/boring/pi&ometer configurations. Bouwer and 
Rice (1976) developed an analytical technique’.applicable to both unconfined and confined conditions, 
which factors in partial/full penetration and disqusses well screen gravel pack considerations. The 
Ground Water Manual (1981) presents a number of testing and test anaiysis procedures for wells and 
borings open above or below the water table, and for both falling head and- constant-head tests. The 
methods described above do not represent a complete listing of test analysis methods available, but are 
some of the more commonly used and accepted methods. Other m&hods can be used, at ‘the discretion 
of the project hydrogeologist and in concurrence with the Project Manager and client. 

One consideration to be noted during data analysis is the determination of the screenedjopen interval of a 
tested well. If a well with a fully submerged screen is installed in a relatively low permeability formation, 
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and a gravel pack which is significantly more permeable is installed around the screen, the length of the 
gravel pack (if longer than the screened interval) should be used as the screened/open length, rather than 
the screen length itself. In situations,whem the formation permeability is judged to be comparable to the 
gravel pack permeability (within about an order of magnitude)-this adjustment is not required. 

.All data analysis applications and calculations shall be reviewed by technical personnel thoroughly 
familiar with testing and test analysis procedures. Upon approval of the calculations and resufts, the 
calculation sheets shall be initialed and dated by the reviewer. Distribution copies shall be supplied to. 
appropriate project personnel and the original copy stored in the project central fife. 

6.0 REFERENCES 
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pp. 78-76. 
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an Instantaneous Change of Water. Water Resources Research, V. 3, No. 1, pp. 263-269. 

Hvorslev, M. J., 1951. Time Lag and Soil Permeability in Ground water Observations. U.S. Army Corps 
of Engineers, Waterways Experiment Station, Washington, D.C., Bull. No. 36. 

Papadopulos, I. S., J. D. Bredehoeft, and H. H. Cooper, 1973. On the Analysis of Slug Test Data. Water 
Resources Research, V. 9, No. 4, pp. 1087-1089. 

Bouwer, H. and R. C. Rice, 1976. “A Slug Test for Determining Hydraulic Conductivity of Unconfined 
Aquffers with Completely or Partially Penetrating Wells.” Water Resources Research, 12423-28. 

United States Department of the Interior, 1981. Ground Water Manual. U.S. Government Printing Office, 
Denver, Colorado. 

7.0 RECORDS 

Field data shall be recorded on the data sheet induded as Attachment A (or equivalent). 1 Any notes 
regarding testing procedures, problems encountered, and general observations not included on me data 
sheet shall be noted in the bound site fogbook or field notebook The boring fog and well wnstructfon 
diagrams for each well/boring tested shall be used as references during testing and data analysis 
activities. Original data sheets shall be placed in the project fife, abng with the logbook/notebook. 

1 If an automated data. recorder is used, the data may be displayed using the printer output from the unit Such 
printouts sf~oufd be annoted to include the relevant data form, or attached to the form shown as Attachment A. 

I 
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1.0 PURPOSE 

The objective of this procedure is to provide general reference informatioh and technical guidance on ihe 
performance and evaluation of pumping tests. 

2.0 SCOPE 

This procedure gives ovetill technical guidance for the performance and evaluation of pumping tests. 
The methodologies presented should be modified to meet the requirements/constraints of specific 
P@@- 

Pumping test data analysis is subject to much interpretation. Therefore, evaluation of the test results 
,should be performed by an experienced hydrogeologist familiar with pumping test analytical techniques 
and interpretation. Due to the complexity of some of the evaluation methods and the wide variety of 
corrections which may be required to be factored into the data obtained, this guideline presents only a 
general overview.of the pumping test evaluation process. The references provided in Section 6.0 shouM 
be consulted for detailed discussions regarding pumping test evakiation techniques. 

‘3.0 GLOSSARY 

Cone of Depression - The area around a discharging well where the hydraulic head in the aquifer has 
been lowered by pumping. Also called cone of influence. 

Confined Aquifer - An aquifer that is completely saturated and is overlain and underlain by strata of lower 
permeability. The potentiometric surf& of a confined aquifer is higher than th@ base of the upper 
confining layer at any given point. 

Discharge (Q) -Volume of water removed per unit time. 

Drawdown (S) - Difference between the initial static water level and the’water level position at a given time 
during pumping. 

Hydraulic Conductivity (Q - A quantitative measure tif the ability of porous material to transmit water. 
Volume of water that will flow through a unit cross sectional area of porous material per unit time under a 
h&ad gradient. Hydraulic conductivity is dependent upon properties of the medium and fluid. 

. . 
Puriiping Test - A test made by pumping a well for a peiiod of time and obsenring the resulting change in 
hydraulic head in the aquifer. A pumping test may be used to determine the hydraulic characteristics of 
the aquifer and ,the capacity of the pumped well. 

Specific Capacity (SC) - Rate of yield per unit drainrdown. Often expressed as gallons per minute per foot 
of drawdown. The pumping time prior to measurement of drawdown should be stated, e.g., SC = 5 gal/it 
after 12 hrs pumping. 

. 
Specific Storage - The amount of water released from or taken into Storage per unit volume of aquifer per 
unit change in head. 

Specific yield - The ratio of the volume of water a rock or soil will yield by gravity drainage to the total 
volume of the rock or soil. 
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Storage Coefficient (Sl- Volume of water an aquifer releases from or takes into storage per unit volume of 
aquifer per unit change in head. The product of specific storage times saturated thickness. Atso called 
storativity. 

Transmissivity m - A quantitafive measure of the ability of an aquifer to transmit water. The product of 
the hydraulic conductivity times saturated thickness. 

4.0 RESPONSIBILTDES 

Project Hydrogeologist - The Project Hydrogeotogist, in conjunction with the Project Manager, has the 
responsibility of determining the need to perform a pumping test or tests for investigative purposes. 
Factors that should be taken into account when considering v&ether a pumping test should ba parformad 
or not include: 

l Project objectives and the data required to meet these objectives. 
l The amount and accuracy of hydrogeologic data currently available. 
l Cost and schedule constraints. 
l Physical site limitations (discharge of ‘contaminated/uncontaminated water, aquifer water yielding 

capability, access, etc.) 

. Pumping tests (especially long-term tests) can be time-consuming,. labor intensive, and costly. On the 
other hand, pumping tests generally yield the most accurate data regarding aquifer characteristics that 
can be obtained, when designed, performed, and evaluated properly. Specific uses for pumping tests 
include: 

l Determination of aquifer hydraulic characteristics. 
l Determination of the extent of influence of a pumped well. 
l Design of groundwater withdrawal systems (for groundwater treatment or water supply). 
l Determination of the interconnection between water bearing formations. 
l ldentttication of aquifer boundaries (recharge/discharge boundaries). 

Once the need to perform a pumping test has been established, the’Project Hydrogeologist is responsible 
for the design and oversight of the pumping test, including identifying the wells to be used, designing and 
locating the pumping and observation wells as needed, specifying methodok@es to be used, and 
detemi,ning the length of tiie of the test The Project Hydrogeologist should ensure that all field 
persohnel involved are familiar with the planned test and the field operations related to the performance of 
the test During the startup of the pumping test, the Project Hydrogeologist may need to be onsite to 
ensure that proper field procedures are used. Data generated during the performanceof the pumping test 
should be concurrently reviewed by the Project Hydrogeojbgist to identify any modifications to the planned 
procedure that may be required during the performance ofthe test.. Data reductionlevaluatiqn should be 
performed under the supervision of the Project Hydtogeologist 

Field Personnel - All field personnel should be familiar with the, overall methodology of performing 
pumping tests, as well as being familiar with the specific requirements of each individual test that they wit1 
participate in. The field personnel shou!d be familiar with the types and uses of the various fleld 
equipment required for the performance of a pumping test (surface or submersible pumps, generators, 
water level measuring devices, flow measuring devices, support equipment). It is the responsibilii of the 
field personnel to alert the Project Hydrogeologist to any unexpected donditions that may be encountered 
that would require modifications to the planned procedure. The’ field personnel are responsible for 
performing thetest as described in the approved project plans and any approved~modifications. Once the 
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pumping test has been completed, field personnel are to assist the Project Hydrogeologist in the process 
of data reductiqnlevaluation. 

5.0 PROCEDURES ’ 

5.1 Plannfng for a Pumping Test 

The need for, and design of a pumping test is determined largely by the project goals and 
geologicYhydrogedo$c conditions within the study &tea. The pumping test should be designed so the 
results obtained will be representative of the area under study. 

As much information as possible should be collected and evaluated before running a pumping test Thii 
includes data regarding physical and hydraulic characteristics of the aquifer, groundwater flow ‘direction, 
hydraulic gradients, velocity, regional water level trend, the existence of other pumping wells in the vicinity 
of the test area, and the expected quality/quantity of the discharge water. 

The placement and design of the pumping well is c&al to the suc&ss of the pumping test Placement of 
the well is dependent on pumping test objectives and local geologic conditions. In general, the pumping 
well should fully penetrate the aquifer to be pumped, and be screened across the entire saturated Interval 
of the aquifer. Due to project constraints and physical practicality, this is often not the case, and 
correcti?ns must be factored into the data,analysis for partially penetrating wells. 

if an existing well is to ba used for a test, the. well should closely conform to ge requirements for aquifer 
testing. Boring logs, construction data, and performance characteristii of other wells in the area should 
be examined to develop a preliminary estimate of the aquifer characteristics. Transmissiviies can be 
estimated from the boring logs and preliminary testing. 

Any number of obsenration wells may be used. The number chosen depends on maintaining a balance 
between cost.and need to obtain the maximum amount of accurate and reliable ,data. If three or four 
observation wells are to be instakd in the pumped aquifer, till but one well should be installed along a 
radial line from the pumping well, with the remaining well placed along a line normal to the line of 
observation wells and passing through the pumping well, to detect any radial *anisotropy within the aquifer. 
If two observation wells are to be installed, they should be placed in a straight line away from the pumping 
well. in a fracture controlled bedrock flow system; fracture orientations should be considered when 
deciding.where to place observation wells. lfl general, observation wells for an unconfined aquifer test 
should be placed closer to the pumping well than for a confined aquifer test. 

When a pumping’well does not filly penetrate an unconfined aquifer (any well with an 85 percent or more 
open or screened hole in the saturated thickness may be considered as fully penetrating), the observation 
wells should be located at a minimum distance equal to l-112 to 2 times the aquifer thickness from a 
partially penetrating pumping well if partial penetration corrections are to be avoided. This minimizes the 
effect of flow field distortions resulting from pumping a partially penetrating well.’ ,. 
If the confined aquifer is not thick, the pumping wei1 should be screkned for the entire thiikness of the 
aquifer. The nearest observation well should be located at least 25 beet from the pumping well ‘and should 
penetrate and be screened in the middle portion of the aquifer. 

Observation wells screened within the aquifer being pumped will provide information regarding aquifer 
‘charactertstics. Wells screened in an overlying or underlying aquifer *!I proyide information regarding the 
degree of interconnection between .aqulferk If an observation well is screened in an overlying aquifer, it 
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should be placed close to the pumping well so the response of the overlying aquifer is monitored at a 
point where the difference in head between aquifers is retatively-targe. 

The pumping and observation well configurations and locations described above are not requirements, 
but are suggested setups to maximize the accuracy of the data generated. In many instances, less than 
ideal conditions regarding screened intervals/depths and observation well numbers/locations will be 
enwuntered due to project constraints. Valii pumping tests can still be performed if the wells used do not 
conform to the idea1 setup. 

Single well pumping tests can be performed when project ‘constraints do not allow for the installation of 
observation wells. The data obtained from these tests is less accurate than for tests performed using 
observation wells, and specific yield/specific storage cannot be determined. Drawdown measuiements in 
a pumped well are generally greater than the actual drawdown in the adjacent aquifer due to well 
inefficiency, so this factor must be considered when interpreting results. 

5.2 Preparation for a Test 

For a few days before starting a long-term pumping test, water levels in the pumping well and observation 
wells should be measured at about the same time each day to determine whether there is a measurable 
trend in groundwater levels. If such a trend is apparent, a graph of the change in water level versus time 
should be prepared and used to correct the water levels obtained during the test. 

Pumping wells should undergo a preliminary pumping prior to the actual test to ensure that the well will 
function at it’s maximum efficiency. This will enable fines to be flushed from the formation and a steady 
flow rate to be established. The preliminary pumping should determine the maximum drawdown in the 
well at a given pumping rate and establish the pumping rate for the tater test. The aquifer should then be 
given adequate time to fully recover before the’pumping test is begun. 

Stepdrawdown tests can be performed prior to the actual pumping test, to determine the optimum 
pumping rate for the test A stepdrawdown test consists of pumping a well at several successively higher 
rates, for a given time period (W-2 hours for each rate), and measuring the rate of drawdown for each 
pumping rate. If pos&bie, the well should be allowed to recover between tests. The resulting data 
generated can be used to predict drawdown versus time over an extended period for various pumping 
rates. 

Barometric changes may affect water levels in wells, particularly those screened in confined aquifers. An 
increase in barometric pressure may cause a decrease in the water level. The response of wells to 
changes in barotietrtc pressure should.be determined in order to correct the measurement of water levels 
during a long-term pumping test. 

A record should be maintained of the pumping times and discharge rates of other pimping wells in the 
vicinity, if their radius of may influence potentially intersect the cone of depression of the pumping test 
well. 

In areas of severe winter climate, where the frostline may extend to depths of Several feef pumping tests 
should be avoided during the winter in areas where the water table is near ground surface. Under some 
circumstances, the frozen soil acts asa confining bed, combining with IeaG aquifer and delayed yield 
characteristics to make the results of the test unreliable. 

” i 
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5.3 COndUCtinQ a Test 

Immediately before the pump is started, the water levels should be measured in the pumping well and all 
observation wells to determine the static water levels upon which drawdowns will be based. These data 
and the time of measurement should be recorded on a pumping test data sheet (see Attachment A for an 
example). . . 

It may be useful to collect water samples from the pumping well (at least) before and after pumping. This 
data can give an indication of changes in groundwater quality due to pumpage. 

Critical data that must be collected for each pumping test include the time that pumping started and 
ended, water level measurements during the test, periodic measurements of the pumping rate, and the 
distances between the pumping well and the observation wels. 

Pump selection depends on the expected pumping rate and the physical constraints of the test (e.g., 
depth to water, expected total drawdown, pumping well diameter). Pump size is related to the required 
discharge capacity and the well diameter. Submersible pumps or air-lift set-ups are required when the 
drawdown of the water level is expected to exceed 25 feet below ground surf&e. Suction pumps can be 
used if total drawdown plus well headspace is not expected to exceed 25 feet. 

Once pumping is initiated, the flow rate should immediately be measured and adjusted as necessary to 
achieve a constant discharge at the desired rate. The discharge rate should be checked, adjusted, and 
recorded frequently during the performance of the test, especially during the e&y stages of the test ‘The 
initial pumping rate should, not be the maximum rate that the pump is capable of, as progressive 
dr&wdown may decrease the pump’s efficiency, and as a result reduces the discharge rate. If the pump is 
initialty operating at less than full capacity, the decrease in efficiency can be countered by increasing the 
pump speed or, if the discharge rate is controlled through a valve (as is more typical), opening the valve 
further. Pumping rates can be monitored using a flowmeter or, for low volume pumping tests, a stopwatch 
and calibrated bucket can be used to measure discharge rates. 

The tone or rhythm of a pump or generator motor engine provides a check of performance. If there is 
sudden change in tone, the discharge should be checked immediately and proper adjustments made to 
the gate valve or to the. engine speed if necessary. 

At least 10 observations of drawdown within each tog cycle of time should be measured in the pumping 
well and observation wells. Continuous water level recording for the observation wells nearest to the 
pumping well can be extremely useful. A suggested schedule for measurements is as follows~ 

l 0 to 10 minutes: 0.0,0.5, 1, 1.5,2,2.5, 3,4,5, 6.5, 8, and 10 minutes. It is important in the early part 
of the test to record with maximum accuracy the time at which readings are taken. 

l 10 to 100 minutes: IO, 15,20,25,3O,40,50,60,80, and 100 minutes. 
l to P-hour intervals: To the end of the first day. 
l 500- to 1 ,OOO-minute intervals: After the first day. 

In addition, water level measurements should be collected periodically (every 4-8 hrs) from one or more 
background wells located outside the cone of depression. 

Initially, there should be enough personnel available to measure flow rates/adjust pump rates continuously 
and to station a person at each nearby well used in the pumping,.test, unless continuous water level 
recorders or pressure transducers and data loggers are used. After the first two hours of the pumping 
test, two people are usually sufficient to continue the test 
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The total pumping time for a test depends on the type of aquifer and degree of accuracy desired, and can 
range from less than 2 hours to several days. Economizing on the period of pumping is not 
recommended. More reliable results are obtained if pumping continues until the cone of depression 
reaches a stabilized condition, however, this is not always practical or necessary. The cone of depression 
will continue to expand at a progressively stower rate until recharge of the aquifer equals the pumping rate 
and a steady state condition is established. The time required to achieve steady state flow conditions 
may vary from less than an hour to beyond the practical limits of a pumping test Under average 
conditions,‘ it is good practice to run a large scale pumping test in a confined aquifer for at least 24 hours 
and in an unconfined aquifer, for a minimum.of 72 hours. A longer period of pumping may reveal the 
presence of boundary conditions not previously known. Single well ,pumping tests or small scale tests 
‘may be run for shorter time periods. Preliminary field plotting of drawdown data should be conducted 
during the test to evaluate how the test is progressing and how much longer it should continue. 

Water pumped from an unconfined aquifer during a pumping test should be disposed of in such a way so 
that the aquifer is not recharged by discharge water infiltration during the test, as recharge may offset 
drawdown effects. Also, if contaminated water is pumped during the test, the water may have to be 
stored, treated, or disposed of in an acceptable manner. 

The method of disposal of discharge .water from the pumping well should be planned. The discharge 
water coukl be routed to a storm sewer or surface water body if uncontaminated, or temporarily stored in 
tanks, drums or in a lined pit if collection is required. Contarninatod water can also be treated and 
diiharged in an appropriate .manner, with clientlregulatory approval. If necessary, contaminated 
discharge water should be transported and deposited into a designated secure area. 

Recovery Test 

When pumping is stopped after completing the drawdown pcrtion of the pumping test, the cumulative 
drawdown and time at which pumping was discontinued are recorded. The rate of recovery of the water 
levels in the wells should then be measured. 

The same procedure and time pattern are followed as at the beginning of a pumping test; that is, the 
depth-to-water is periodically measured during the recovery test in the pumping well and observation 
wells, with readings obtained more frequently .during the early’ phase of recovery. Recovery data should 
follow the same general trend as drawdown data, and is considered in many cases to be more accurate 
end useful for pumping test analysis than drawdown data. . 
The recovery data should be recorded until the aquifer fully recovers, .or as tong as possible within project 
constraints. 

5.5 Data Analysls 

A constant rate pumping test can be run to determine transmissivii. and hydraulic conductivity. If the 
effects of pumping the well can be measured in one or mow observam wells at known distances from 
the pumping well, the specific yield or storage coefficient can also be determined. A good check of the 
transmissivity value can be made using recovery data from the pumped weil and of transmissivity and 
storage coefficient from recovery rate measurements in observ&tiin wells. 

Example data wllection forms for a pumping test are illustrated in Attachments A and B. The forms can 
be used to racord data for the pumping well or an observation well. It should be noted that thera are some 
differences in the types of data recorded for pumping versus observation wells. 
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The effects of all extraneous factors such as baromettic pressure, tidal inflt.ierICe, injection interference, or 
other pumpage in the nearby’ area, can be adjusted for and wrrected from the measured data by using 
applicable corretation techniques. 

After correction of the raw data to eliminate or reduce the amount of extraneous interference, graphs are 
prepared showing resulting drawdowns versus time and/or distance; these are plotted on semi-log or iog- 
lo9 paper. The graphs are used to determine aquifer characteristics by matching type curves or by straight 
line slope analysis procedures. Analytical methods not requiring the use of a graph have also been 
developed. Selection of the most appropriate evaluation technique is dependent on the test setup and 
results, In addition to manual methods of analysis, there are numerous computer programs avaitabte for 
data analysis. Selection and appliition of the proper analysis method(s) requires the judgement and 
guidance of an experienced hydrogeologist. 

5.6 Records 

The Pumping Test Data Sheet exhibited on Attachment A should be,‘used to record data from pumping 
wells, and the Pumping Test Data Sheet exhibited on Attachment 8 should be used to record data from 

’ observation wells. A written iog of the field setup and performance of the pumping test,niust also be kept 
in a bound site logbook or notebook. Descriptions of procedures used,. daily activitiesi and any other 
pertinent observations made prior to, during, and following the test should also be recorded. 
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ATTACHMENT A 
EXAMPLE PUMPING TEST DATA SHEET, PUMPING WELL 

+ 7 

y&i, 

PUMPING TEST DATA SHEET 
PUMPING WELL. Pags-Df- 

PROJECT NAMk: PUMPING W+L NUMBER: 
PROJECT NUMBER: MlEE@): 
PUMPINGTEST: [ J sTEPDRAwDowNTEsT [I 
EST NUIMBER: 
MmD OFMEASUREMENT: 

MONITORING POINT 
ELBVATION OF MqNlTORlNG ,POlNT MBi 

DEPTH CORRECTlO~ PUMP SmNG (Ft below monitoring potnt): 
PUMPING-TEST PERFORMED By: 
REMARF: . 

I 

SIGNATURES: 
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ATTACHMENT B 
EXAMPLE PUMPING TEST DAiA SHEET, 06SEfWATlON WELL 

‘) 

rR* PUMPtNG ‘?-EST DATA SHEET ’ 
OBSERVATtdN WELL Page - of - 

JROJECT NAME: 08SERVATl~ WELL NUMBER: 
‘ROJECT NUMBER: DATE(s): 
rESTNUMBER: MONKORING F’OtNT: 
METHOD OF-MEASUREMENT: ELEVATION OF MONl’TORlNG POINT: ,MSL 
DEPTH CORRECTtON: 
CORRESPONDING PUMPING WELL NUMBER: 
DISTANCE FROM PUMPING WELL (Ft.1 (0: 
EzzREE POINT MEASUREMENTS By: 

. 
. 

I 

I 
I 

c I I 

SIGNATURE& 
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APPENDIX D 
l.ElTER WORK PLAN ADDENDUM FOR NATURAL AlTENUATiON SAMPLING AT 

SITTUSWMU 45 - MWR DRY CLEANING FACILITY 

MCRD PARRIS ISLAND, SOUTH CAROLINA 

1.0 BACKGROUND . 

Site/SFMU (Site) 45 groundwater sampling activities performed to date have revealed the presence of 
chlorinated solvent contamination in the surficial aquifer that is considered to be related to past dry 
cleaning operations. Sampling results for volatile organics and selected natural attenuation parameters 
suggest that natural attenuation processes are actively degrading the chlorinated solvent 
contamination in shallow groundwater. The contaminants most commonly detected and found at the 
highest concentrations include PCE, TCE, 1,2-DCE, and vinyl chloride. These compounds are often 
found in association with one another at sites where biodegradation processes are active, as PCE 
typically biodegrades to TCE, TCE to 1 ,PDCE (mostly cis-1,2-NE), 1 ,P-DCE to vinyl chloride, and 
vinyl chloride to ethene under favorable biodegradation conditions. Biodegradation of PCE and TCE 
most readily occurs under anaerobic groundwater conditions, while degradation of 1,2-DCE and vinyl 
chloride occurs more readily under aerobic conditions. 

To date, a detailed natural attenuation evaluation has not been performed at Site 45. The evaluation 
is necessary to identify the mechanisms controlling biodegradation processes at the site, to identify 
and project contaminant degradation end products, and to evaluate the use of natural attenuation as a 
remedy or component of a remedy for groundwater at the site. 

2.0 SCOPE OF WORK 

2.1 Groundwater Samr>llnq 

In order to characterize the biodegradation processes that are active at the site, a focused round of 
groundwater sampling will be performed. The evaluation process will include collecting data with 
which to compare groundwater geochemical conditions within and outside (both upgradient and 
downgradient of) the Site 45 contaminant plume. Five monitoring wells at the site will be sampled and 
analyzed for a comprehensive list of natural attenuation indicator parameters. The following identifies 
the wells to be sampled and the rationale for selection: 

Pl0109S45WPADDMNA, 09l28fOl 1 CT0 0127 



l MW-1SU will be sampled to provide data with which to characterize groundwater conditions /--- 
upgradient of Site 45. 

l MWSSU will be sampled to determine groundwater conditions in the approximate central area of 
the plume. 

l MW-6SU will be sampled to characterize groundwater in the downgradient portion of the plume. 

l MW-4SU and MW-5SL will be sampled to provide data regarding groundwater conditions 
immediately downgradient of the plume. 

Monitoring well sampling will be performed using low-flow purging and sampling methods as per the 
Master Field Sampling Plan for the site. 

2.2 Samde Analvsis 

Each sample will be analyzed for low-concentration volatile organics. In addition, the well samples will 
be analyzed for the following natural attenuation indicator parameters: 

l Dissolved oxygen 
l Carbon dioxide 
l Nitrate/nitrite 
l Ferrous iron 
l Sulfate/sulfide 
l Methane 
l Ethane 
l Ethene 
l Oxidation-reduction potential 

l pf-f 
l Specific conductance 
l Temperature 
l Turbidity 
l Chloride 
l Alkalinity 
l Total organic carbon 
l Manganese 
l Orthophosphate 

Pl0109S45WPADDMNA, 09/28/01 
1 

2’ CT0 0127 



l Biological Oxygen Demand (BOD) 
l Chemical Oxygen Demand (COD) 

Analytical methods that will be used are presented in Table 1. 

2.3 Reportinq 

A letter report will be prepared providing the results of the natural attenuation sampling described 
above. The report will include data tables with all analytical results, an. evaluation of the data in 
regards to characterizing the biodegradation processes active at the site and spatial trends in 
biodegradation environments/processes, and supporting figures/graphs as appropriate. ” 
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TABLE 1 
ANALYTICAL METHODS FOR NATURAL AlTENUATlON SAMPLING 

,.- 

SITUSWMU 45 - MWR DRY CLEANING FACILITY 
MCRD PARRIS ISLAND. SOUTH CAROLINA 

Fixed-Base Lab Analyses 

Parameter 

Low-concentration 
volatile organics 

Total organic carbon 

Methane, Ethane, 
Ethene 

Ca, Mg, Na, K, Mn, Fe 
CL SO4, NOat NO3, 

POi3 
BOD 
COD 

Alkalinity 

Method Sample Volume/Preservation 
Requirements 

CLP OLCO2.1 3 - 40 ml VOA vials, HCL to pH c 2, 
cool to 4°C 

EPA Method 415.1 125 ml HDPE, H2S0., to pH c 2, cool to 
4OC 

FISK SOPS 147 and 175 3 - 40 ml VOA vials, HCL to pH c 2, 
cool to 4°C 

SW-846 601 OB 500 ml HDPE, HN03 to pH < 2 
EPA Method 300 250 ml HDPE, cool to 4’C 

EPA 405.1 1 L HDPE, cool to 4’C 
EPA 410.1 1 L glass, HCL to pH c 2, cool to 4’C 
SM2320 250 ml HDPE, cool to 4°C 

Field Analyses 

Parameter Test Kit & Brand Cat. No. Range, mg/L, Method 
or as noted 

Dissolved Oxygen Chemetrics test kit K-751 2 o-12 Rhodazine D 
(DO) HR 

Dissolved Oxygen Chemetrics test kit K-7501 o-1 Indigo Carmine 
(DO) LR 

Carbon Dioxide Chemetrics test kit K-1910, 1 O-2500 Sodium hydroxide 
(dissolved) 1920,1925 titrant w/ pH indicator 

Sulfide HACH-DR-850 2244500 o-0.70 8131 
Methylene Blue 

DO Horiba U-22 Multi- NA o-1 9.99 Diaphragm galvanic 
Parameter Meter mg/L 

ORP Same NA fl999 rilv Platinum, Electrode 
PH Same NA o-14 su Glass electrode 

Specific Conductance Same NA O-9.99 S/m Electrode 
Temperature Same NA Q-55” c Thermistor 

Turbidity Same NA O-800 NTU Penetration & 
scattering 

HACH DR/850 or 890 used. 
LR = low range, HR = high range 
Cat. No. = reagents or kit number 
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Appendix E is reserved for a future Work Plan addendum. The Work Plan addendum will outline an air 
y-l 

sparging system pilot scale test if groundwater results and site lithology are favorable for such a system. 
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