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Radford Army Ammunition Plant
Route 114, P.O. Box 1

Radford, VA 24143-0100

USA

February 20, 2004

Mr. Robert Thomson ‘

U. S. Environmental Protection Agency
Region [IT

1650 Arch Street

Philadelphia, PA 19103-2029

Subject: Master Work Plan, Final, August 2003 and
Work Plan Addendum 18, RCRA Facility Investigation at SWMU 41, Final December 2003
Radford Army Ammunition Plant
EPA ID# VAL 210020730

" Dear Mr. Thomson:

Per your February 11, 2004 approval of the subject documents, two additional copies of each will be forwarded under
separate cover to your office. ' ’ .

- Please coordinate with and provide any questions or comments to myself at (540) 6398266, Jerry Redder of my staff (540)

639-7536 or Jim McKenna, ACO Staff (540) 639-3641.

Sincerely,

Ny Y
C. A. Jake, Entizdnmental Manager -

Alliant Ammunition and Powder Company, LLC

Enclosure
' ’ , RS
c Russell Fish, P.E., EPA Region III Thorsde g 2(27/209% Gored o Dossen Q"“"“ ;U
Durwood Willis

Virginia Department of Environmental Quality
P. O. Box 10009
Richmond, VA 23240-0009

Mark Leeper

Virginia Department of Environmental Quality -
P. O. Box 10009

Richumond, VA 23240-0009

E. A. Lohman

Virgiia Department of Environmental Quality

West Central Regional Office

3019 Peters Creek Road : :

Roanoke, VA 24019 o -

04-815-23
JMcKenna/JJRedder
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February 20, 2004

Mr. Robert Thomson - U. S. Environmental Protechon Agency .
Master Work Plan, Final, August 2003 and _

Work Plan Addendum 18, RCRA Facility Investigation at SWMU 41

Tony Perry

U.S. Army Environmental Center

5179 Hoadley Road, Attn: SFIM-AEC-ERP
Aberdeen Proving Ground, MD 21010-5401

Katie Watson

Engineering & Environment, Inc.
7927 Camberley Drive

Powell, TN 37849

Dennis Druck

U.S. Army Center for Health Promouon and Preventive Medicine
5158 Blackhawk Road, Attn: MCHB-TS-HER-

Aberdeen Proving Ground, MD 21010-5403

John Tesner

Corps of Engineers, Baltimore District
ATTN: CENAB-EN-HM

10 South Howard Street

Baltimore, MD 21201
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be: Admjnistrative File Coordination: - I)L -iie".%m
MK ] §iMcKenna

C. A. Jake
J. J. Redder
Env. File

04-815-23
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
~REGION 1
. 1650 Arch Street
Philadelphia, Pennsylvania 19103-2029

Date:’ February 11, 2004

In reply
- Refer to 3HS;3'

CERTIFIED MAIL .
RETURN RECEIPT REQUESTED

Commander,

Radford Army Ammunition Plant
Attn: 'SIORF-SE-EQ (Jim McKenna)
P.O. Box 2 )

- Radford, va 24141-0099

C.A. Jake

Environmental Manager
Alliant Techsystems, Inc.
Radford Army Ammunltlon ‘Plant
P.O. Box 1.

Radford, VA 24141-0100

Re: Radford Army Ammunition Plant
New River Ammunition Storage Depot
Draft revised Master Work Plan
Document submittal and review

Dear Mr. McKenna and Ms. Jake:

The U S. nv1ronmental Protection Agency (EPA) has reviewed
the Army’ sAAugust 2003 draft revised Master Work Plan for the
investigation of the Radford Army Ammunition Plant (RFAAP) and
the New River Ammunition Storage. Depot  (NRASD). Based upon our
review, the draft revised Master Work Plan for the investigation
of RFAAP and the NRASD is approved. In accordance with Part II.
(E) (5)0f RFAAP’s Corrective Action Permit, the Master Work Plan
is now considered final. Please forward two copies of the final
Master Work Plan to EPA for our files.

Celebrating 25 Years of Environmental Progress =




- o If you have any questions, please call me at 215-814-3357.

Sincerely,

" Robert Thomson, PE
Federal Facilities
cc: Russell Fish, EPA

Leslie Romanchik, VDEQ-RCRA
" Mark Leeper, VDEQ-CERCLA

Celebrating 25 Years of Environmental Progress




McKenna, Jim

m: McKenna, Jim
t: Thursday, January 15, 2004 7:18 AM
To: ‘Thomson.Bob@epamail.epa.gov'; John.E.Tesner@nab02.usace.army.mil
Cc: darren_renne@urscorp.com; james_o_spencer@urscorp.com; Redder, Jerome; McKenna,
Jim; msleeper@deq.state.va.us
Subject: RE: SWMU 54 Presentation, Tuesday, 20 January @ 0930

For SWMU 54 there are no EPA actions pending after the October 10, 2002 EPA approval letter. Based on this
approval letter, RFAAP sent final report covers for WPA 13 on December 6, 2002. Also there was DEQ
approval letter of November 5, 2002.

On another topic, the RFAAP Master Work Plan RFAAP submitted on September 4, 2003 still hasn't been
approved. We revised it to address BTAG comments and resubmitted it for approval.

Jim McKenna
IMPORTANT NOTE: When replying to this message cut and paste Jim_McKenna@ATK.com into the
address line.  Please do not hit reply. Thanks.

----- Original Message-----
From: Thomson.Bob@epamail.epa.gov [mailto:Thomson.Bob@epamail.epa.gov]
nt: Wednesday, January 14, 2004 3:20 PM
‘: John.E.Tesner@nab02.usace.army.mil
¢: darren_renne(@urscorp.com; james_o_spencer(@urscorp.com;
Jerome_Redder@ATK.COM; Jim McKenna@ATK . com; msleeper@deq.state.va.us
Subject: Re: SWMU 54 Presentation, Tuesday, 20 January @ 0930

Just a follow-up, the latest correspondence I have in the EPA working
files for this site is an October 10, 2002 approval of Work Plan addedum
13. I am assuming that this is correct, unless I hear otherwise.

Raob

John.E.Tesner@nab02.usa

ce.army.mil To:  msleeper@deq.state.va.us, Bob Thomson/R3/USEPA/US@EPA,
Jim_McKenna@ATK .com, Jerome Redder@ATK.COM
01/14/2004 01:52 PM cc.  darren_renne@urscorp.com, james_0_spencer@urscorp.com

‘ Subject: SWMU 54 Presentation, Tuesday, 20 January @ 0930



ALLIANT TECHSYSTEM)

Radford Army Ammunition Plant
Route 114, PO. Box 1

Radford, VA 24141

USA

September 4, 2003

Mr. Robert Thomson ,

U. S. Environmental Protection Agency
Region IIT

1650 Arch Street

Philadelphia, PA 19103-2029

Subject: Final Master Work Plan, August 2003,
Radford Army Ammunition Plant
EPA ID# VA1 210020730

Dear Mr. Thomson:

Enclosed is one certified copy of Final Master Work Plan, August 2003 Radford Army Ammunition Plant for your files.

Your additional two copies will be sent under separate cover as well as additional copies to the Virginia Department of
Environmental Quality (VDEQ), U.S. Army Environmental Center, U.S. Army Center for Health Promotion and
Preventive Medicine. .

This report has been revised to address USEPA Biological Technical Assistance Group (BTAG) of May 28, 2002.
Note closure on these comments was first achieved during a conference call held on July 17, 2003. Our responses to
these comments are attached. In a subsequent conversation with Mr. Jim McKenna, you indicated to send this as a final
document. Please note that the Final Master Work Plan, August 2003 replaces the Final Master Work Plan, September

2002.

Please coordinate with and provide any questions or comments to myself at (540) 639-8266, Jerry Redder of my staff
(540) 639-7536 or Jim McKenna, ACO Staff (540) 639-8641.

Sincerely,

C. & Jake, I%;m%ntaél Manager

Alliant Ammunition and Powder Company LLC
Enclosure

w/o enclosure
c: Russell Fish, P.E., EPA Region OI’

Durwood Willis

Virginia Department of Environmental Quality
P. O.Box 10009

Richmond, VA 23240-0009

Mark Leeper

Virginia Department of Environmental Quality -
P. O. Box 10009

Richmond, VA 23240-0009

03-815-138
JMcKenna/JJRedder



E. A. Lohman

Virginia Department of Environmental Quality
West Central Regional Office
3019 Peters Creek Road

Roanoke, VA 24019

Tony Perry -

U.S. Army Environmental Center

5179 Hoadley Road, Attn: SFIM-AEC-ERP
Aberdeen Proving Ground, MD 21010-5401

Katie Watson

Engineering & Environment, Inc.
7927 Camberley Drive

Powell, TN 37849

Dennis Druck

U.S. Army Center for Health Promotion and Preventive Medicine
5158 Blackhawk Road, Attn: MCHB-TS-HER ‘
Aberdeen Proving Ground, MD 21010-5403

John Tesner

Corps of Engineers, Baltimore District
ATTN: CENAB-EN-HM

10 South Howard Street

Baltimore, MD 21201 2 ,
bc: Admmlstratwe Flle Coordmahon Q\J %

‘ ZVIC SAEOS ﬁ McKenna
Rob Dav1e-ACO Staff
C. A. Jake .

J. J. Redder
Env. File

03-815-138
R McKenna/JJRedder



Concerning the following:

. ' Final Master Work Plan, August 2003

Radford Army Amimunition Plant

I certify under penalty of law that this document and all attachments were prepared under my direction or supervision in accordance with a
system designed to assure that qualified personnel properly gather and evaluate the information submitted. Based on my inquiry of the
person or persons who manage the system, or those persons directly responsible for gathering the information, the information submitted is,
to the best of my knowledge and belief, true, accurate, and complete. I am aware that there are significant penalties for submitting false

information, including the possibility of fines and imprisonment for knowing violations.

SIGNATURE:

PRINTED NAME:

TITLE:

SIGNATURE:

PRINTED NAME:

TITLE:

03-815-138
IMcKenna/JJRedder

g D4
I*’/é ey 4 /-‘/?z TR o B
AnthonyR sngm
LTC,CM, C/(’(mmandmg
Radford AAP

» W{L W\ e

Anthony Miano
Vice President Operations
Alliant Ammunition and Powder Company, LLC




Attachment 1
Response to USEPA BTAG Comments dated 28 May 2003
for
Master Work Plan

The responses to USEPA Biological Technical Assistance Group (BTAG) comments have been
revised to incorporate discussions/agreements cornpleted during teleconference discussions with
the BTAG on 15 and 17 July 2003.

. EPA BTAG Comment 1

Section 7.1.2, Identification of Ecological Chemicals of Potential Concern, on page 7-2 states
that contaminants of potential concern (COPC) will be identified by comparison of maximum
site concentration to approved BTAG screening values and/or by simple food-web modeling. In
the screening ecological risk assessment (ERA), both a direct toxicity screen and conservative
food chain‘modeling should be performed to identify COPCs. BTAG recommends that for
evaluation of direct toxicity to invertebrates, maximum media concentration be compared to-
BTAG screening values. In addition to this direct toxicity screen, food chain modeling should be
performed on individual receptors for chemicals known to bioaccumulate in the food chain. All
bioaccumulative compounds need to be assessed in the food chain exposure evaluation. The list
of bioaccumulative compounds that the Region IIT BTAG considers is on Table 4-2 in
Bioaccumulative Testing and Interpretation for the Purpose of Sediment Quality Assessment,
Status and Needs, EPA-823-R-00-001, February 2000. If a compound found on your site is on
this list, it must be considered in the food chain evaluation. ‘

Army Response

The comment is noted.

The following text will be revised, Section 7.1.2 Identification of Ecological Chemicals
of Potential Concern - the first paragraph will read:

“The purpose of selecting COPCs is to identify site-related chemicals that have the
potential to adversely affect ecological resources. COPCs will be identified by
comparison of maximum site concentrations to approved Region III BTAG screening
values and/or by simple food-web modeling for bioaccumulative compounds. It should be
noted that BTAG screening values (USEPA, 1995) are for direct contact only.
Bioaccumulative compounds (including, but not limited to those as identified in
Bioaccumulative Testing and Interpretation for the Purpose of Sediment Quality
Assessment, Status and Needs, EPA-823-R-00-001, February 2000) found at the site will
be considered in the food chain evaluation. Initial screening of analytical data will be
conducted using media specific screening values considered protective of wildlife.
Chemicals will be selected as COPCs if one of the following conditions are met: if
maximum detected concentrations exceed screening values for ecological receptors, if the
chemical is non-detect and the detection limit exceeds the screening value, and/or if no
screening value is identified. COPCs identified in this step will be carried through to the
risk characterization step of the screening level RA, however non-detect COPCs will only
be discussed in the Uncertainty Analysis section of the SLERA.”
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EPA BTAG Comment 2

On pages 7-2 and 7-3, it states that media specific screening values will be derived from various
federal and state sources as well as relevant and current scientific literature. When available,
only Region Il BTAG screening values should be used in the screening ERA to assess direct
exposure to ecological receptors. In general, when a BTAG value is not available, we
recommend carrying a compound through the screening level assessment and providing
justification for dropping or retaining the compound for further evaluation in the
ecotoxicological and fate and transport dlscussmns that will be provided in the baseline problem
formulation.

Army Response

As directed by EPA, Region III BTAG Screening Values will be used to identify COPCs
in the Screening Level Ecologlcal Risk Assessment (SLERA) despite the following
limitations:

Region III BTAG Screening Values are draft;

Derivation/calculation of some of the values is not clearly provided in the document;
and

e No updates have been issued to reflect increased knowledge base in the area since
their compilation in 1995. Consequently these values do not reflect the current
advances in risk assessment. '

In order to account for these limitations and to ensure that the SLERA screening process
is adequately conservative but realistic, the Master Work Plan will incorporate values
from sources identified in the following paragraph in subsequent steps of the risk
assessment.

The second paragraph of Section 7.1.2 Identification of Ecological Chemicals of
Potential Concemn - will be revised to read as follows:

“Media specific values will be used to better characterize exposure and risk in subsequent
steps of the risk assessment. Values will be derived from various Federal and State
sources as well as relevant and current scientific literature. Screening values may include
sources such as Region III BTAG Screening Values (1995), Federal Standards for
Ambient Water Quality Criteria (AWQC), Virginia Criteria for Surface Water (2002),
Canadian Environmental Quality Guidelines (Canadian Council of Ministers of the
Environment, 2002), Great Lakes Research Threshold Effect Levels (TEL) (Smith et. al.
1996) for freshwater habitats, USEPA surface soil screening levels (USEPA 2000b),

. USEPA Region V Ecological Data Quality Levels (EDQL) (USEPA, 1999), and ORNL
screening levels for surface water, sediment, and soil; Efroymson et al., 1977, Jones and
Suter, 1997, Suter and Tsao, 1996, and Efroymson, Will, and Suter, 1997

EPA BTAG Comment 3

On page 7-3 it states that site-specific metal concentrations will be compared to background
concentrations as part of the risk management phase of the site evaluation. It is unclear from this
paragraph when this comparison would be performed. During the screening ERA (Steps 1 and
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2), background data should not be used to eliminate contaminants from further consideration.
Screening is a risk-based process and should not consider background at this point. Where there
are elevated background concentrations of chemicals of potential concern that may present an
unacceptable risk to the environment, the risk from these chemicals should be quantified, if
possible, in the risk assessment, and addressed in the baseline ERA problem formulation (Step
3).

Army Response

Steps 1 and 2 in the 8-Step risk assessment process and the refinement step for preliminary
COPCs, Step 3a will be completed as part of the SLERA. This allows the SLERA to review the
assumptions used in the initial media screening and consider background data in order to identify
media with metals concentrations at or below the natural site-specific background. Since natural
environments exist in symbiotic balance with their media, it is not inherently logical or correct to
assume risk or quantify “unacceptable risk’ in environments that contain natural concentrations
of metals. If throughout the SLERA screening process, it is determined that metals
concentrations are elevated over natural background or are likely present in a specie not found
naturally, then risk from these constituents will be quantified. Potential risk due to metals that
are naturally elevated regionally will be identified and discussed.

The text will be revised to read as follows:

e Section 7.0 Ecological Risk Assessment — the fourth paragraph will read: “Steps I and 2 in
the 8-Step risk assessment process and the refinement step for preliminary COPCs, Step 3a
will be completed as part of the screening level RA. Steps I and 2, involve characterizing the
environmental setting, identifying known or suspected contaminants, evaluating the transport
pathways to ecological receptors, selecting assessment endpoints, selecting and comparing
site data to conservative screening values and/or food-web modeling. Step 3a refines the
contaminants of ecological concern (COPCs) identified in Steps 1 and 2. Collectively, these
results will determine if additional ecological risk evaluation is necessary.”

e Section 7.0 Ecological Risk Assessment — the fifth paragraph will read: “The remainder of
Step 3 and Steps 4 through 7 include a baseline assessment and evaluation of SWMUs
identified during the screening-level assessment which need a detailed risk investigation.
Step 3 develops a focused problem formulation by using a refined list of contaminants of
ecological concern (COPCs) to refine exposure pathways, the Ecological Conceptual Site
Model (ECSM), assessment endpoints, and measurement endpoints. Step 4 involves
establishing a study design and data quality objectives (DQO) based on the problem
formulation. Step 5 verifies that the sampling plan designed in Step 4 1s appropriate and
implementable at the site. Step 6 is the implementation of the sampling plan and analysis of
the data. Step 7, the Risk Characterization, is conducted following the completion of all site
investigations and integrates data on exposure and effects with the assessment endpoints
established during the problem formulation.”

e Section 7.1.2 Identification of Ecological Chemicals of Potential Concern - the referenced

paragraph will read: “‘Site-specific metal concentrations will be compared to background
concentrations at the end of the risk characterization step, as part of the risk management
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step. This evaluation will result in the elimination of metals from the risk management
process that are not attributable to site-related activities.”

e Section 7.1.6 Screening-level Results and Conclusions - the first paragraph will read: “Steps
1 and 2 in the 8-Step risk assessment process and the refinement step for preliminary
COPCs, Step 3a, will be completed as part of the screening level risk assessment. The
screening-level RA will provide exposure estimates based on conservative assumptions and
determinations of which contaminants and exposure pathways may pose a risk to ecological
receptors. The screening-level RA will also provide conclusions and recommendations
regarding ecological risk at the site. The RA group and BTAG will use these data to make
ecological risk management decisions concerning each SWMU. The scientific/management
decision point reached from the screening-level RA will include one of the following: ”

EPA BTAG Comment 4

Page 7-3 also states that it is likely that some of the COPCs retained during the initial screening
pose minimal risk to wildlife due to the highly conservative nature of the initial screening -
process. Therefore, a review of the assumptions used in the initial screening will identify the
need for refinement comparisons to more realistic screening values. As stated earlier, only
BTAG values should be used to evaluate direct toxicity to ecological receptors. The refinement
of the conservative assumptions used in the food chain modeling can be modified and re-
evaluated as part of the baseline ERA.

Army Response
See response to comment 2 for a discussion of the Region III BTAG Screening Values.

Steps 1 and 2 in the 8-Step risk assessment process and the refinement step for
preliminary COPCs, Step 3a will be completed as part of the SLERA. This will allow the
SLERA to review the assumptions used in the initial media screening and refine the
conservative assumptions used in the food chain modeling. The addition of Step 3a will
focus the outcome of a SLERA, streamline the review process, and allow one document
to function as the initial forum for ecological risk management decision making at an
individual SWMUs.

See response to comment 3 for text revision.

EPA BTAG Comment 5 :

Section 7.1.3, Identification of Exposure Pathways and Potential Receptors for Analysis, on page
7-4 states that relevant and ecologically appropriate receptors will be evaluated in detail based on
contaminants fate and transport and receptor life history. The next sentence states that owing to
the invasive and successive nature of plant communities, plants as site receptors do not typically
warrant a detailed examination of effects. This statement is incorrect. The impact of site
contaminants on plants may warrant detailed examination; the selection of appropriate receptors
is a site-specific decision.

Army Response
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‘ The SLERA will include an account of potential receptors at individual SWMUSs,
including plants. However, an important outcome of the SLERA will be to focus the risk
assessment process on relevant and important risk issues in ecosystems, particularly.
where human industrial activities are not the obvious presiding factor.

The following text will be revised, Section 7.1.3 Identification of Exposure Pathways and
Potential Receptors for Analysis - the referenced paragraph will read:

“Relevant and ecologically appropriate receptors will be evaluated in detail based on
contaminants fate and transport and receptor life history. For example, owing to the

invasive and successive nature of plant communities, plants as site receptors are not
always included in a detailed examination of effects. Vegetation communities will be
considered as a potential receptor where appropriate. ”

EPA BTAG Comment 6

In Section 7.1.3 on page 7-4 it is also stated that if a no-observed adverse effect level (NOAEL)
is not available for a chemical, a lowest observed adverse effect level (LOAEL) or LC50 will be
used, and uncertainty factors will be applied as described in ERDEC (1994). BTAG
recommends that the process shown on Figure 12 for Wentsel et. al. (1996) Tri-Service Guidance
for Ecological Risk Assessments be used to derive a NOAEL from LOAELs and LC50s.

Army Response :
The U.S. Army Center for Health Promotion and Preventative Medicine Technical Guide
‘ 254, Standard Practice for Wildlife Toxicity Reference Values (USACHPPM TG 254,
2000) provides current guidance for the derivation of NOAELs. The document generally
incorporates the same uncertainty factors presented in the 7ri-Service Guidance for
Ecological Risk Assessments (Wentsel et al. 1996), although Wentsel et al. 1996 have a
more refined (and preferred) approach for interspecies TRV extrapolation. These
approaches will be used in the SLERA.

The following text will be revised, Section 7.1.3 Identification of Exposure Pathways and
Potential Receptors for Analysis - the last paragraph will read:

“Toxicity values will be used to evaluate potential constituent effects to birds and
mammals. Chemical-specific criteria will be developed in order to estimate the dose of a.
chemical at which no adverse effects are likely to occur in the selected indicator species
based on simple food-web modeling. Where available, dietary No Observed Adverse
Effect Levels (NOAELs) will be used to evaluate the potential for adverse effects to
wildlife. In the absence of these values, the toxicity values from the scientific literature
will be reviewed. Ifa NOAEL is not available for a chemical, a Lowest Observed
Adverse Effect Level (LOAEL) or LCsqwill be used, and uncertainty factors will be
applied to estimate a NOAEL as described in the Standard Practice for Wildlife Toxicity
Reference Values, USACHPPM TG 254 (2000). For interspecies extrapolations, the more
refined approach in Wentsel et al. 1996 (Figure 12) will be used.

‘ EPA BTAG Comment 7
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Section 7.1.5, Screening-level Exposure Estimate and Risk Characterization, on page 7-5 states
that the ecological exposure assessment will consist of two phases. The first phase will be based
on conservative assumptions such as maximum media concentration and site use factor of one,
while the second phase will be based on conservative yet more realistic exposure assumptions
such as 95% upper confidence limit of the mean and a more realistic site use factor. According
to current EPA guidance, only conservative assumptions discussed in the first phase should be
used in the screening ERA (Steps 1 and 2). The second phase should not be performed as part of
the screening ERA. The exposure assumptions can be modified to more realistic values (means)
in the baseline ERA. However, realistic site use factors should not be used alone to eliminate
contaminants in the baseline ERA, as this approach does not consider exposure from other sites.

Army Response
As-discussed in response to comment 4, the SLERA will include both the screening of

COPCs and serve as the starting point for the rationale for COPC exclusion from further
investigation, if warranted (i.e. the refinement of COPCs as described in Step 3a of 8-
Step process). As stated in this comment, these types of discussions may include, but are
not limited to, several factors such as 95% UCL media concentrations, exposure area, and
receptor area use.

Contaminant exposure from other sites is an inherent uncertainty in risk assessment, as
such it will be considered as an uncertainty analysis section.

See response to comment 3 for text revisions.

EPA BTAG Comment 8
Section 7.1.5 on page 7-6 states that EPA Region III Guidance concludes that an environmental

effects quotient (EEQ) ratio greater than one but less than 10 demonstrates a potential risk, an
EEQ greater than 10 indicates a moderately high potential for risk, while an EEQ above 100
indicates extreme risk to ecological receptors. Neither current EPA Region III guidance nor
1997 ERAGS accepts that the magnitude of the EEQ reflects the magnitude of the potential for
ecological risk. This discussion should be removed from the document.

Army Response .
The comment is noted and the text will be removed from the document.
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PREFACE

A two-stage approach has been developed to facilitate and streamline Resource Conservation Recovery
Act (RCRA) site investigations at Radford Army Ammunition Plant (RFAAP) pursuant to the Permit for
Corrective Action and Waste Minimization (October 2000). The approach consists of a single facility-
wide Master Work Plan (MWP) and multiple site-specific Work Plan Addenda (WPA).

The MWP provides comprehensive discussions of standard procedures, protocol, and methodologies that
are to be followed during execution of field investigations at RCRA sites within the RFAAP. The MWP
is a generic plan designed to streamline site-specific WPA development, review, and approval.

Each WPA describes the site-specific information for each RCRA site, providing detailed data on past
site operations, potential constituents of concern, sampling strategy, etc. Each addendum, through
reference to the MWP, is developed as a concise document, focused on site-specific investigations.
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HQ..ovvevrrrneeneee Hazard Quotient

HSA ... Horseshoe Area

HSP......cerverenee Health and Safety Plan

HTRW ................ Hazardous, Toxic, and Radioactive Waste

HWMU............... Hazardous Waste Management Unit

| VN o Installation Action Plan

|10, AN Investigation-Derived Material ,

IEUBK................. Integrated Exposure Uptake Biokinetic -

IRIS ... Integrated Risk Information System
"LADD....ccccervrnis ..Lifetime Average Daily Dose

LEL....cvevrnrenene Lowest Effect Levels

LOAEC............... Lowest Observed Adverse Effect Concentration

LOAEL................ Lowest Observed Adverse Effect Level '

LOD......cvveeeneee Limit of Detection

LOQ..cccvrrrcnnnn Limit of Quantitation

MCL. ....ccoccevennne Maximum Contaminant Level

MDL ........cccoeeuen Method Detection Limit

MDC.......ccrveineee Maximum Detected Concentration
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. VOLUMEI ,
LIST OF ACRONYMS (continued)

-MQO......eenee. Method Quality Objective

JTT-77¢) A Micrograms Per Deciliter
[17:7) DU Micrograms Per Liter
pS/em.........cenneen. Microsiemens Per Centimeter
MGD.....cvrrinnn Million Gallons Per Day
Mg/kg ..c.cocenvnne Milligrams Per Kilogram
Mg/ Milligrams Per Liter
MMA ......covvninnen Main Manufacturing Area

" MQO...coiiiine Method Quality Objectives
MSDS.....cconvureee Material Safety Data Sheet
MSL.....ccconnnnes Mean Sea Level
MWP ......eeene Master Work Plan
|\ [ North '
NCEA.......ccouenee. National Center for Environmental Assessment
NOAEL............... No Observed Adverse Effect Level
NRU.....cccecerrrveenns New River Unit
L) National Sanitation Foundation
OSHA................. Occupational Safety and Health Administration

- PCB ..o, Polychlorinated Biphenyls
PFWWTP........... Peppers Ferry Wastewater Treatrment Plant
PPB......vrnunnn Parts Per Billion
PPE.......ruruenen. Personal Protective Equipment and Clothmg
PPM....vcivrrenenn Parts Per Million
PQL ... Practical Quantitation Limit
PTFE.........ccveeeee. Polytetrafluoroethylene
PVC....ivicnen. Polyvinyl Chloride
Py Pyranine
QAP ....covvviecrnaene Quality Assurance Plan
QC i Quality Control
RA s Risk Assessment
RAGS .....ccovene Risk Assessment Guidance for Superfund
RBC......ccovuninennn Risk-Based Concentration
RCRA......cverneene Resource Conservation and Recovery Act
RFAAP ............... Radford Army Ammunition Plant
RID .coviiiinninnns Risk Reference Dose
RFL..comiiiiennne RCRA Facility Investigation
RL..ovvrereccsoneanes Reporting Limit
RME .....covvrrerene Reasonable Maximum Exposure
RWT...oovenen Rhodamine WT
SARA......ccocieene Superfund Amendments and Reauthorization Act
SCS.iiiiiiennnnn Soil Conservation Service
SHSO.....cccovevienne Site Health and Safety Officer

"SMDP.....ccceenenne Scientific/Management Decision Points

(6 ) Standard Operating Procedure
SRB .....coevvvimvnrnnns Sulforhodamine B
SSA. i Site Screening Arca
SSP...oecrerivnirens Site Screening Process
SVOC.......ccenee. Semi-Volatile Organic Compound
SWMU......cccceevnes Solid Waste Management Unit
TEL....cvcvererneas Threshold Effect Levels
TIC..ccociniirverans Tentatively Identified Compound
August 2003 xii Radford Army Ammunition Plant
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VOLUME I

LIST OF ACRONYMS (continued)

TRV .viicevrvoriens Toxicity Reference Value
UCL. ....ccccntmmmennnne Upper Confidence Limit
USACE............... U.S. Army Corps of Engineers
- USEPA .....ccocunee U.S. Environmental Protection Agency
VDEQ....ccouvinunes Virginia Department of Environmental Quality
"2 ORI Verification Investigation
VOC...viernions Volatile Organic Compound - .
VOSHA. .....cccvvenee Virginia Occupational Safety and Health Administration
VPDES.......cocueeee Virginia Pollutant Discharge Elimination System
"/ 3 SO Virginia Polytechnic Institute
W orinenenaens . West ‘ '
WPt Work Plan
WPA. ....coiirnniennne Work Plan Addendum
August 2003 ) e {\% Radford Army Ammunition Plant
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VOLUME I

LIST OF ACRONYMS

ASTM.....ccoevuenne American Society for Testing and Materials
AWQC....cerenenn. Ambient Water Quality Criteria
CLP.....covvcmcnnnee Contract Laboratory Program
(002 SR Contracting Officer Representative
DBMS.......cccoune. Database Management System
DQO....ccvererraen Data Quality Objective
EICP ..coovuvrerenrenn Extracted Ion Current Profile
FOL.....covvererrreennae Field Operations Leader
HSP....covevrnenen Health and Safety Plan
IDL ..oriiiienns Instrument Detection Limit
LCS..oovivrininnns Laboratory Check Sample
LIMS........cccovnnn. Laboratory Information Management System
LOC...covrceeecrnn Level of Concern -
LOD.....ccococmnvnnar Limit of Detection
LOQ.oecerererainee Limit of Quantitation .
MCL ... Maximum Contaminant Level

" MDL......ccccouvenees Method Detection Limit
Y £-7] - O Milligrams Per Kilogram
Mg/L.......... weseer Milligram Per liter
MQO....ccccvcruurenn Method Quality Objective
MS.iiitiiinnnns Matrix Spike
MSD ..ot Matrix Spike Duplicate
M/Z.ciiiiinns Mass-to-Charge Ratio
NFG ..ccccnuernnrrenee National Functional Guideline
PCD.....cciviveinennne Project Controlling Document
PDC....... eremreeesses Project Data Coordinator

B 4" S— Project Manager
PQL ...orerecennne Practical Quantitation Limit

QA e Quality Assurance
QAP....ceerenen Quality Assurance Plan -
QC e Quality Control
10 | R Quality Improvement Process
RCRA ....cvvvreee Resource Conservation and Recovery Act
RF ..coviniiriiennnns Response Factor
RFAAP............ Radford Army Ammunition Plant
RL.oooerviereneniennes Reporting Limit

~ RPD..coirrininnns Relative Percent Difference

CRRT e Relative Retention Time B

SMCL.....coceeene. Secondary Maximum Contaminant Level
SOP....covrrrereanns Standard Operating Procedure
SOW ...eerrrrrcrenne Statement of Work '
SQL..coeierraeneens Sample Quantitation Limit
SVOC.....cvvvinees Semivolatile Organic Compound
TBC...ccovvene ... To-Be-Considered
TOC..uieveneen. Total Organic Carbon
[T7:7) <. ST Micrograms Per Kilogram

S TY-7) SR Micrograms Per Liter
USCS ..o United Soil Classification System
USACE............... U.S. Army Corps of Engineers : . _
USEPA ............... U.S. Environmental Protection Agency . , _ : o o o
16), (6 TR Unexploded Ordnance ' ' o ‘
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VOLUME II
LIST OF ACRONYMS (continued)

VOA ..o Volatile Organic Analyses
VOC....vrinnne Volatile Organic Compound
WPA ..o Work Plan Addenda
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" VOLUME II

LIST OF ACRONYMS .
OF coeeernnennneenenenens Degrees Fahrenheit
Pueverseerisonsairisennens Percent o
ACGH ............... American Conference of Governmental Industrial Hygienists
ALR..coiiriuininne Air Line Respirator
ANSI.........ccccuee. American National Standards Institute
AOC...reene Area of Concern
BEL.......cccovvevunnee. Biological Exposure Indices
L O Ceiling Value
O TR NIOSH Suspect Carcinogen
CGI.....corvrivurrennens Combustible Gas Indicator
CGl/O;..ovrvernrennne Combustible Gas Indicator/Oxygen
CFR.....cooomreurrrvenne Code of Federal Regulations
CIH....cooovrvrmrrrnens Certified Industrial Hygienist
CPR...ccoviirnen. Cardiopulmonary Resuscitation
CRZ ..o Contamination Reduction Zone
CWM....covnvnrnene Chemical Warfare Material
dBA .....cooricirine Decibels on the A-Weighted Scale
DEET......cccco....... n,n-diethyltoluamide
EV.niinrnne Electron-Volt
EZ..iiil Exclusion Zone
FID......cccevverermnen. Flame Ionization Detector
FOL....crvectrrruenn. Field Operations Leader
HAZCOM........... Hazard Communication
- HAZWOPER......Hazardous Waste Operatlons and Emcrgcncy Response ‘ .
HBV.....eeee Hepatitis B Virus '
HEPA.................. High-Efficiency Particulate Air
HIV..oivniiannes Human Immunodeficiency Virus
HSP.....ccovvevvirennns Health and Safety Plan
HTRW ......ccoeueeee Hazardous, Toxic, Radioactive Waste
HWMU.............. Hazardous Waste Management Unit
IDLH.........creenene Immediately Dangerous to Life or Health
TP oereeereneerennens Ionization Potential
LEL....cvirnvinnnene Lower Explosive Limit
S U0 N Level of Protection
Mg/’ Milligram Per Cubic Meter
MSDS......ccvnnne. Material Safety Data Sheet
TNA e Not Applicable
310 J— Not Determined -
NIOSH.......cce.... National Institute for Occupatlonal Safety and Health
NRT..cooeinrrvenrenen Near Real-Time
L0) R Ordnance and Explosive
OSHA........ccoeveeees Occupational Safety and Health Administration
- OSIC...irienrriane On-Scene Incident Commander
OVA .o Organic Vapor Analyzer
PEL.....ccovvnnnns Permissible Exposure Limit
'PHSO.........cc..... Project Health and Safety Officer
PID......ccconurnenen. Photoionization Detector
PM i, Project Manager
PPE........coovenies Personal Protective Equipment
15)5) S Parts Per Million ' ) , : : c
PVC.iine Polyvinyl Chloride ' ' ' . .
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RFAAP .....ueee. Radford Army Ammunition Plant

SHSO....cccevervueeee Site Health and Safety Officer

10) Standard Operating Procedure -

SOW ... Statement of Work

STEL ...ccovvevmmrennne Short-Term Exposure Limit
.SWMU................Solid Waste Management Unit

SZ . Support Zone

TLV e Threshold Limit Value

TWA v Time-Weighted Average

USACE.....ccoeeee. U.S. Army Corps of Engineers

USEPA ............... U.S. Environmental Protection Agency

') Work Plan

WPA ... Work Plan Addenda
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1.0  INTRODUCTION

The purpose of this Master Work Plan (MWP) is to provide a set of operating instructions for completion
of Radford Army Ammunition Plant (RFAAP) site investigations. It is comprised of procedures for
planning, executing, controlling, and verifying the health ‘and safety of contractors performing
investigations at the Installation. '

The MWP is a generic plan designed to facilitate Work Plan (WP) development, review, and approval. It
is to be used in conjunction with site-specific work plan addenda (WPA) to delineate project activities
and investigation objectives. Site descriptions of the Solid Waste Management Units (SWMUs),
Hazardous Waste Management Units (HWMUs), and Areas of Concern (AOCs) to be investigated are
provided in the Installation Action Plan (IAP) (US Army 2002). The MWP will also be used when
conducting investigations (e.g., site screening assessments) at other areas not currently identified in the
IAP, such as site screening areas (SSA). MWP provides a comprehensive discussion of standard
procedures, protocols, and methodologies that are to be followed during execution of SWMU, HWMU,
AQC, and SSA field investigations. The WPA describes the site-specific information for each SWMU,
HWMU, AOC, and SSA, providing detailed data on past site operations, potential constituents of
concern, sampling strategy and rationale. The addendum through reference to the MWP is developed as
a concise document, focused on SWMU, HWMU, AOC, and SSA specific data needs. The MWP
consists of three volumes: WP, Quality Assurance Plan (QAP), and Health and Safety Plan (HSP).

11  MASTER WORK PLAN

Volume I presents the Master WP and contains the specifications for investigative activities and
_coggn'ses eight sections including: :

¢ Installation Description;

e Environmental Setting - climate, physiography, land use/demographics, regional soils, regional geology,
RFAAP geology, hydrogeology, surface water hydrology, groundwater usage, and ecology;

e Site Investigation Plannmg objectives, WPA, health and safety, documentation, and standard operaung
procedures (SOPs); »

e Site Investigation Program - sample management, subsurface investigation, surface water investigation,
sediment investigation, active soil gas surveys, geophysical surveys, drum sampling, physical testing,
aquifer testing surveying, general decontammatlon requirements, and investigative derived material

(IDM);

e Human Health Risk Assessment - objective and general approach, data summary and selection of .
chemicals of potential concern, human health exposure assessment, toxicity assessment, and risk
characterization;

e Ecological Risk Assessment (ERA) - problem formulation, exposure characterization and development
of exposure pathway model, ecotoxicologic effects assessment, risk characterization, limitations and
uncertainties; and

o Entry to Radford Army Ammuniﬁon Plant ; logistical and safety concerns speciﬁé to the Installation.

August 2003 1-1 Radford Army Ammunition Plant
) : - Master Work Plan



1.2 ‘MASTER QUALITY ASSURANCE PLAN

Volume 1I presents the Master QAP and contains the specification for quality assurance and control
activities and comprises ten sections, including:

e Introduction - document organization, project objectives, and QAP distribution list;

¢ Project Organization and Responsibilities - key project personnel, lmes of authority, and key points
of contact;

¢  Quality Assurance Objectives - project quality objectives, chemlcal data measurements, and
- applicable or relevant and appropriate requirements;

¢ Sampling Locations and Rationale - general requlrements;

¢ Sample Management - sample number and type, sample containers, sample preservatives, holding
times, sample identification, documentation requirements, chain of custody requirements;

¢ Analytical Procedures - field testing and screening, laboratory procedures for chemical analyses,
detection limits, and physical testing methods;

e Calibration Procedures - laboratory éalibration, instrument/equipment testing, inspection, and
maintenance, inspection/acceptance for supplies and consumables, and field equipment calibration and
maintenance;

e Internal Quality Control Checks - laboratory quality' control elements, speciai training requirerrients
and certification, and field quality control samples;

¢ Data Reduction, Validation, Reporting, and Managenient - reporting limits, rounding rules, data
reduction, data validation and usability, blank contamination assessment, reporting, documentation and'
records, record storage and handling, and data management; '

e Corrective Action - routme non-routine, quallty 1mprovement, problem prevention, and stop work
protocols;

¢ Quality Assessments - document review, readiness reviews, field performance audits, and laboratory
performance audits;

13 MASTER HEALTH AND SAFETY PLAN
Volume III presents the Master HSP and contains the spec:ﬁcauons for health and safety and comprises
nine sections including:

o vProject Organization - health and safety personnel and responsibilities, subcontractor responsibilities,
site personnel, visitors, and RFAAP project personnel;

o Hazard Assessment and Hazard Control - chemlcal toxicity hazards physical hazards, and biological
hazards

e Training Plan - Occupational Safety and Health Administration (OSHA) hazardous waste operations
training, site-specific and hazard information training, first aid and cardiopulmonary resuscitatiqn

August 2003 . 12 Radford Army Ammunition Plant
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training, bloodborne pathogen training, hearing conservation training, hazard communication training,
confined space training, additionally required OSHA tmmmg, buddy system training, daily safety
meetings, and weekly safety meetings; .

Medical Surveillance Plan - planning;

Site Safety and Control - site safety and site control;

Personal Protective Equipment and Clothing (PPE) - levels of protection, protocols for changing

levels of protectlon, respirator selection, and fit test;

Personnel and Equipment Decontamination - Modified level D, level C, level B, level A, other
decontamination/disposal procedures, decontamination during medical emergencies, and personnel
decontamination sequence;

Monitoring Plan - monitoring instruments, types of monitoring, action levels, noise monitoring, heat
and cold stress monitoring, meteorological monitoring, calibration, and maintenance of monitoring
equipment;

Emergency Response and Contingency Plan - pre-emergency planning, emergency response
responsibilities, emergency training, emergency site control and security, on-site emergency equipment,
medical facilities, contingency plans, emergency response and decontamination procedures, and
emergency contact/ notification system; and

Appendices - Appendix A contains the SOPs for routine investigative activities.
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2.0 INSTALLATION DESCRIPTION

RFAAP is a government-owned, contractor-operated (GOCO) industrial complex located in Radford,
Virginia. RFAAP is owned by the U.S. Department of the Army and is currently operated under contract
by Alliant TechSystems, Inc.

RFAAP is located in the mountains of southwest Virginia in Pulaski and Montgomery Counties (Figure

2-1). The Main Manufacturing Area (MMA) is located approximately ten miles west of Blacksburg and

47 miles southwest of Roanoke. The New River Unit (NRU) is located approximately six miles west of

the MMA, near the town of Dublin. This MWP is applicable to sites listed within Appendix A of the

Installation RCRA Corrective Action Permit and sites at the New River Unit. Figure 2-2 shows the
locations of SWMUSs in the MMA.. Figure 2-3 shows the site locations in the NRU.

RFAAP lies in one of a series of narrow valleys typical of the Valley and Ridge Province of the
Appalachian Mountains. Oriented in a northeast-southwest direction, the valley is approximately 25
miles long, with a width of eight miles at the southwest end, narrowing to two miles at its northeast end.
The plant lies along the New River in the relatively narrow northeast corner of the valley.

Figure 2-1
: RFAAP and Vicinity Map
RCRA Facility Investigation Master Work Plan
Radford Army Ammunition Plant, Radford, Virginia
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IABLE OF SWWJS
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3.0 ENVIRONMENTAL SETTING

31 CLIMATE

The climate of the area encompassing RFAAP is classified as “moderate continental.” Moderately mild
winters and warm summers characterize this climate. The prevailing winds are from the southwest, with
a northerly component during the cold season. The average yearly wind speed is eight miles per hour
(Dames & Moore 1992).

The average monthly temperature ranges from 29.6°F in January to 72°F in July, with an annual average
temperature of about 52°F. Average monthly precipitation ranges from about 2.5 to 4.0 inches with an
annual total precipitation between 36.9 and 41.5 inches (Virginia State Climatological Office 1995).
Class A pan evaporation was measured in the Roanoke, Virginia, area at 43 inches per year. Lake
evaporation was measured at 32 inches per year in the same area. Potential evapotranspiration has been
calculated at 30 inches per year using the Thornthwaite method (Virginia State Climatological Office
1995). Based on these data, the net precipitation in the RFAAP area is estimated to be in the range of 6.9
and 11.5 inches annually. Snowfall in the RFAAP area averages 17 inches annually. Montgomery and
Pulaski Counties lie in one of the areas of highest occurrence of dense fog in the United States. Dense
fog can be expected to occur between 20 and 45 days per year.

32 PHYSIOGRAPHY

RFAAP lies within the Valley and Ridge province of the Appalachian physiographic division. The
Valley and Ridge province is characterized by a series of long, narrow, flat-topped mountain ridges
separated by valleys of varying widths. RFAAP is located within a valley.

The topography within the Installation varies from a relatively flat floodplain to elevated uplands in the
extreme southeast section. The New River forms the RFAAP boundary on the north, with the elevation
approximately 1,675 feet above mean sea level (MSL). The eastern boundary represents a transition
from floodplain elevation of 1,680 feet MSL to an upland elevation of 1,900 feet MSL. The southern
boundary traverses terrain consisting of creek bottoms and sharply rising summits. The western
boundary follows the bluff line overlooking the New River to a point where the Norfolk and Western
Railroad crosses the lower arm of the horseshoe area (HSA). This Facility displays an overall relief of
342 feet. In the HSA to the north and east, the New River has a narrow floodplain. The HSA exhibits
rolling karst terrain, with three prominent terraces and escarpments, which are remnants of ancient New
River floodplains.

RFAAP contains prominent karstic features including sinkholes, caves, and cavemns. Karst landforms
occur in carbonate rock formations as the result of the dissolution of rock by naturally occurring carbonic
acid in rainwater migrating along bedding planes and fractures. As the rock is dissolved, solution
features such as cavities and channels form beneath the surface. Occasionally, large cavities collapse
producing a depression or sinkhole on the surface. Numerous sinkholes are apparent along the western
and southern boundaries of the Facility.

33  LAND USE

Because of the steep terrain, the area surrounding RFAAP has not been highly developed. Land use has
been mostly rural; the less rugged areas are primarily used for agriculture. The Jefferson National Forest
is located approximately two miles north of the Facility. The majority of land in the New River Valley,
which includes Montgomery, Pulaski, Giles, and Floyd Counties as well as the city of Radford, is
forested. Thirty-eight percent (%) of the area of the New River Valley classifies as non-forest land,

. August 2003 3-1 Radford Army Ammunition Plant
Master Work Plan



including agricultural land, developed land, and water acreage (NRVPDC 2001) The Blacksburg-
Christiansburg-Virginia Polytechnic Institute (VPI) Water Authority owns four parcels of land adjacent
to RFAAP.

34 REGIONAL SOILS

Soil surveys have been conducted by the Soil Conservation Service (SCS) to identify and map soil types
present in the area of the RFAAP. SCS soil survey reports for Montgomery County (SCS 1985a) and
Pulaski County (SCS 1985b) cover the RFAAP area.

34.1 Montgomery County
Two SCS soil map units underlie the portion of the MMA located within Montgomery County (area
south of the HSA): the Unison-Braddock and Groseclose-Poplimento-Duffield.

The Unison-Braddock soil map unit underlies terrace and alluvial areas within the central and northern
portions of the MMA (excluding the HSA). This soil map unit consists of deep, well-drained, gently
sloping to moderately steep soils. The surface layer is fine sandy loam or loam, and the subsoil is clay.
Rounded pebbles and cobbles are present in the surface and subsurface soil in some areas. Within
Montgomery County, the Unison-Braddock soil map unit covers approximately 4% of the survey area.
The main components of this map unit are Unison soils (34%) and Braddock Soils (15%), with remaining
components consisting of minor soils. The Unison-Braddock soils have formed in old alluvium, and on
stream terraces and alluvial fans.

The Groseclose-POplimento-Dufﬁeld soil map unit underlies upland areas within the southernmost
portion of the MMA. This soil map unit consists of deep, well drained, gently sloping to steep soils that
have clayey subsoil. The Groseclose-Poplimento-Duffield soil map unit occurs on broad ridge tops and
side slopes and has a loam or silt loam surface layer and clay subsoil. Sinkholes are common in some
areas. The major components of this map unit are Groseclose soils (21%), Poplimento soils (15%), and
Duffield soils (9%), with remaining components consisting of minor soils. The Groseclose-Poplimento-
Duffield soils have formed in limestone, shale, and sandstone residuum and colluvium (SCS 1985a).

34. 2 Pulaski County

The Braddock-Wheeling soil map unit underlies the HSA of RFAAP (SCS 1985b). This map unit
consists of deep, nearly level to hilly soils that have a loamy surface soil and clayey or loamy: subsoil
formed in alluvium. Typically, these soils are present on low and high terraces. Within Pulaski County,
the Braddock-Wheeling soil map unit covers approximately 3% of the survey area. The main
components of this map unit are Braddock soils (40%), and Wheeling soils (12%), with the remaining
portion of this map unit consisting of minor soils (SCS 1985b).

The Groseclose-Popimento-Frederick and Carbo-Lowell-Groseclose soil map units underlie the NRU.
Both of these map units have formed from material weathered from limestone and shale and have clayey
subsoil. The Groseclose-Popimento Frederick map unit, which covers approximately 17% of the county,
underlies the southeastern portion of the NRU. This map unit is a deep soil and consists of
approximately 22% Groseclose soils, 21% Poplimento soils, and 17% Frederick soils, with the remaining
portion consisting of minor soils (SCS 1985b).

Soils associated with the Carbo-Lowell-Groseclose map unit cover approximately 22% of the county and
underlie most of the NRU. This map unit is a moderately deep to deep soil consisting of approximately
25% Carbo soils, 20% Lowell soils, and 13% Groseclose soils, with the remaining portion con51st1ng of
minor soils (SCS 1985b).
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35 RFAAP SOILS

As part of the Montgomery County and Pulaski County soil surveys, the SCS has prepared detailed maps
and descriptions of the soil types underlying the MMA and NRU areas of RFAAP. The more detailed
information from the SCS soil surveys has been incorporated into the Facility-Wide Background Study
(IT 2002) prepared for the MMA and NRU and the Draft Current Conditions Report prepared for the
HSA (IT 2001). The following sections describe the nature and occurrence of the specific soil types
mapped in the MMA and NRU by the SCS (as described by the SCS soils surveys and IT Corporation
(IT) reports).

3.5.1 Main Manufacturing Area
Figure 3-1 shows that 27 SCS soil types underlie the MMA. The text below summarizes the physical and
chemical characteristics of these soil types (SCS 1985a, 1985b).

Berks-Clymer Complex (7 to 15% slopes). This complex comprises less than 1% of the soils at MMA.
The soil map unit consists of well drained, strongly sloping soils situated on side slopes and ridge tops.
The Berks-Clymer Complex consists of approximately 50% moderately deep Berks soils, 30% deep
Clymer soils, and 20% other soils.

Reactions of complex soils range from extremely acid to strongly acid. Soils are moderately permeable
and have a low to moderate organic content. The available water capacity for the Berks-Clymer complex
is low and the surface runoff is high.

A typical profile of the Berks soil consists of a five-inch thick surface layer of very dark grayish brown
and brown shaly silt loam underlain by a 17-inch thick subsoil of yellowish-brown shaly silt loam. The
substratum is very shaly silt loam mottled in shades of brown, yellow, and red. Soft shale bedrock is
typically present at a depth of approximately 27 inches, but may vary in depth from 20 to 40 inches.

Clymer soil in profile typically consists of a surface layer of yellowish-brown loam approximately nine
inches thick underlain by 23-inches of subsoil, which consists of sandy loam mottled in shades of brown,
yellow, and red. The substratum is approximately 17-inches thick and consists of sandy loam mottled in
shades of brown, yellow, and red. Hard sandstone bedrock is typically present at a depth of 49 inches,
but may vary in depth from 40 to 60 inches.

Berks-Groseclose Complex (2 to 15% slopes). This complex comprises less than 1% of the soils at the
MMA and consists of well drained, gently to strongly sloping soils that are located on side slopes and
ridgetops. The Berks-Groseclose Complex consists of 40% moderately deep Berks soils, 35% deep
Groseclose soils, and 25% other soils.

Reaction of the complex soils ranges from extremely acid to strongly acid. Surface runoff for these soils
is medium and organic matter content is low to medium. The available water capacity 1s low in the Berks
soil and medium in the Groseclose soil. The permeability is moderate for the Berks soil and slow for the
Groseclose soil. A typical profile of the Berks soil consists of a five-inch thick surface layer of very dark
grayish brown and brown shaley silt loam underlain by a 17-inch thick subsoil of yellowish- brown
shaley silt loam. The substratum is very shaley silt loam mottled in shades of brown, yellow, and red.
Soft shale bedrock is typically present at a depth of approximately 27 inches, but may vary in depth from
20t0 40
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inches. Generally, the Groseclose soil profile consists of a six-inch thick surface layer of brown silt loam
underlain by a 29-inch thick subsoil of strong brown sticky and plastic clay mottled in shades of brown,
yellow, and red. The substratum is clay loam mottled in shades of yellow, brown, and red below a depth
of approximately 35 1nches Depth to bedrock is greater than 48 inches. '

Berks-Weikert Complex (15 to 20% slopes). This complex comprises less than 1% of the soils at the
MMA and consists of well-drained, moderately steep soil situated on side slopes. The Berks-Weikert
complex consists of approx1mate1y 50% moderately deep Berks soils, 30% shallow Weikert soils, and
20% other soils.

Reaction of complex soils range from extremely acid to strongly acid. Organic matter content of these
soils is low to moderate. Permeability is moderate for the Berks soil and moderately rapid for the
Weikert soils. Surface runoff is high for the Berks soil and very rapid for the Welkert soil. Available

water capacity for the complex is low (Berks) to very low (Weikert).

A typical profile of the Berks soil consists of a five-inch thick surface layer of very dark grayish brown
and brown shaley silt loam underlain by a 17-inch thick subsoil of yellowish-brown shaley silt loam, The
substratum is very shaley silt loam mottled in shades of brown, yellow, and red. Soft shale bedrock is
typically present at a depth of approximately 27 inches, but may vary in depth from 20 to 40 inches.

Generally, the Weikert soil profile consists of a four-inch thick surface layer of dark brown shaley silt
loam underlain by a nine-inch thick subsoil of yellowish-brown shaley silt loam. Soft shale bedrock is
typically at 13 inches, but the depth may range from ten to 20 inches.

Berks and Weikert Soils (25 to 65% slopes). These soils comprise approximately 3% of the soils at the
MMA and consist of well-drained soils on steep to very steep side slopes. The Berks and Weikert soil
unit consists of approximately 50% moderately deep Berks soils, 25% shallow Weikert soils, and 25%
other s011s

Reaction of the Berks and Weikert soils ranges from extremely acid to strongly acid. Both of these soils
have a low to moderate organic matter content with very rapid surface runoff. Permeability is moderate
for the Berks soil and moderately rapid for the Weikert soils. Available water capacity is low for the
Berks soil and very low for the Weikert soil. ‘

A typical profile of the Berks soil consists of a five-inch thick surface layer of very dark grayish brown
and brown shaley silt loam underlain by a 17-inch thick subsoil of yellowish-brown shaley silt loam. The
substratum is very shaley silt loam mottled in shades of brown, yellow, and red. Soft shale bedrock is
typically present at a depth of approximately 27 inches, but may vary in depth from 20 to 40 inches.

Generally, the Weikert soil profile consists of a four-inch thick surface layer of dark brown shaley silt
loam underlain by a nine-inch thick subsoil of yellowish-brown shaley silt loam. Soft shale bedrock is
typically at 13 inches, but the depth may range from ten to 20 inches.

Berks and Weikert, Very Stony Soils (15 to 25% slopes). These soils comprise less than 1% of the soils
~ at the MMA and consist of well-drained soils on moderately steep to very steep side slopes and ridge

tops. The Berks and Weikert soil unit consists of approximately 50% modemtely deep Berks soils, 25%
. shallow Weikert soils, and 25% other soils. _

Reaction of the Berks and Weikert soils ranges from extremely acid to strongly acid. Both soils have a
- low to moderate organic content with very rapid runoff. Permeability is moderate for the Berks soil and
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Reaction of the Caneyville soil ranges from strongly acid to neutral. Reaction of the Opequon soil ranges
from medium acidic to mildly alkaline. The organic matter content is moderate for both soils with rapid
surface runoff. Permeability is moderately slow in the Caneyville soil and moderately slow or moderate

in the Opequon soil. Available water capa01ty is low in the Caneyville soil and very low in the Opequon
soil.

A typical profile of the Caneyville soil consists of an eight-inch thick surface layer of brown silt loam
underlain by a 24-inch thick subsoil of yellowish-red very plastlc clay. Limestone bedrock is typically at
a depth of 30 inches.

Generally, the typical Opequon soil profile consists of a four-inch thick surface layer of brown silt, clay
loam underlain by an 11-inch thick subsoil of yellowish-brown sticky and plastic clay. The substratum is
~ olive brown very shaley clay approximately 15 inches thick. This clay is stlcky and plastic. Limestone
bedrock is typically at a depth of 15 inches. -

Carbo-Rock Outcrop Complex (10 to 45% slopes). This complex comprises approximately 3% of the
~ soils at the MMA and consists of strongly sloping to steep soils and areas of exposed rock. The areas of
exposed rock cover 10 to 50% of the surface area.

Reaction of the Carbo soils ranges from slightly acid to mildly alkaline. The organic matter content is
low to moderate in the Carbo soil and permeability is slow. Permeability of the Carbo soil is slow and
runoff is very rapid. Available water capacity for this soil is low. -

A typical profile of the Carbo soil consists of a _ﬁvé-inch thick surface layer of yellowish brown silty, ‘
clay loam underlain by a 26-inch thick subsoil of strong brown clay. Limestone bedrock is typically at a
depth of 31 inches. This soil map unit does not have a seasonally high water table. '

Cotaco Loam (0 to 7% slopés). The Cotaco soil comprises approximately 3% of the soils at the MMA
and consists of soils situated on nearly level to gently sloping terrace areas.

Reaction of Cotaco soils ranges from very strongly acid to strongly acid. The organic matter content of
this soil is moderately low and permeability is moderate. Available water capacity of the Braddock soil
is moderate and surface runoff is medlum The Cotaco soil has a seasonally high water table at a depth
of 18 to 30 inches.

A typical profile of the Cotaco soil consists of a nine-inch thick surface layer of brown loam underlain by
a minimum 60-inch thick subsoil of yellowish brown and brownish yellow loam and clay loam. Depth to
bedrock is greater than 60 inches.

" Craigsville Soils. This soil map unit comprises approx1mately 1% of the smls at the MMA and consists
of well-drained, deep, and nearly level soils situated in ﬂood plains.

Reaction of the Craigsville soil ranges from very strongly acid to strongly acid. The organic matter
content of this soil is low to moderate. Available water capacity of the Craigsville soil is low and
permeability is rapid.

~ A typical profile of the Caneyville soil consists of an eight-inch thick surface layer of dark yellowish
brown cobbles and sandy loam underlain by a 22-inch thick subsoil of strong brown cobbles and sandy
loam. The substratum below a depth of 30 inches is brown friable very cobbles, sandy loam.
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Fluvaquents. The soil map unit comprises approximately 1% of the soils at the MMA and consists of
soils found on narrow and nearly level floodplains along the New River.

Characteristics of the Fluvaquents soil are variable because of their location in the floodplain. The soil is
typically unconsolidated, stratified alluvium, which has a widely variable texture. Many areas are
gravelly, cobbles, or stony in the surface layer and gravelly or cobbles in the substratum. This soil map
unit is susceptible to flooding.

Frederick and Vertrees Silt Loams (2 to 7% slopes). These soils comprise less than 1% of the soils at
the MMA and consist of well-drained and gently to strongly sloping soils located on side slopes and
ridgetops.  These soils consist of approximately 40% Frederick soils, 35% deep Vertrees soils, and 25%
other soils. .

Reaction of the Frederick and Vertrees soils range from strongly acid to medium acid. The organic
matter content is low to moderate in the Frederick soil and moderate in the Vertrees soil. Permeability is
moderate in the Frederick soil and moderately slow in the Vertrees soil. Available water capacity is
moderate in both soils.

A typical profile of the Frederick soil consists of a ten-inch thick surface layer of brown silt loam
-underlain by a 64-inch thick subsoil, which in the uppermost 18 inches consists of a strong brown clay
loam. Yellowish-red sticky and plastic clay comprises the remainder of the subsoil; this clay is mottled
in shades of brown and yellow between a depth of 48 to 74 inches. Depth to bedrock is greater than 60
inches.

The typical Vertrees soil profilé consists of a ten-inch thick surface layer of dark brown and yellowish
brown silt loam. A 64-inch thick subsoil of yellowish-red sticky and plastic clay mottled in shades of
brown and yellow underlies this surface layer. Depth to bedrock is greater than 60 inches.

French Soils. The French soils comprise less than 1% of the soils at the MMA and consist of somewhat
poorly drained, deep, and nearly level soils on flood plams These soils are commonly flooded for brlef
period in winter and spring.

Reaction of French soils ranges from strongly acid to slightly acid. The organic matter content of French
soils is low to moderate and permeability is moderate in the surface layer and rapid in the substratum.

A typical profile of the French soil consists of a four-inch thick surface layer of dark brown loam
underlain by a 26-inch thick subsoil of dark yellowish-brown loam mottled in shades of gray, brown, and
red. The substratum is very dark grayish brown gravelly sand.. Depth to bedrock is greater than 60
inches.

Groseclose and Poplimento S_'oils (2 to 7% slopes). These soils comprise approximately 3% of the soils
at the MMA and consist of well-drained gently sloping soils that are located on ridge tops. This map unit
consists of approximately 45% deep Groseclose soils, 40% deep Poplimento soils, and 15% other soils.

Reaction of the Groseclose soils ranges from extremely acid to strongly acid. Reaction of the Poplimento
soils ranges from strongly acid to slightly acid. Surface runoff for both soils is medium. Organic matter
content is low to moderate in the Groseclose soil and low in the Poplimento soil. The available water
capacity is medium for both soils. Permeability is slow in the Groseclose soil and moderately slow in the
Poplimento soil. :
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The profile of the Groseclose soil typically consists of a ten-inch thick surface layer of brown loam

“underlain by a 29-inch thick subsoil of a yellowish-brown sticky and plastic clay mottled in shades of
brown, yellow, and red. The substratum is typically plastic clay from 39 to 51 inches and clay loam from
51 inches to 72 inches. Depth to bedrock is greater than 48 inches.

Generally, the typical Popllmento s011 profile consists of a 12-inch thick surface layer of dark brown and
light yellowish brown silt loam underlain by a 43-inch thick subsoil of yellowish-brown, sticky and -
plastic clay. The clay subsoil is mottled shades of brown, yellow, green, and gray. The substratum is
yellowish-brown shaley silty, clay loam mottled in shades of brown, yellow, green, and gray. Depth to
bedrock is greater than 48 inches.

Guernsey Silt Loam (2 to 7% slopes). The Guemsey soils comprise less than 1% of the soils at the
MMA and consist of moderately well drained, deep, gently sloping soils, which are situated on stream
terraces.

Reaction of the Guernsey soils ranges from very strongly acid to mildly alkaline. The organic matter
content of Guernsey soil is low and permeability is slow. A perched seasonal high water table occurs in
this soil at a depth of 24 to 42 inches. A typical profile of the Guernsey soil consists of a ten-inch thick
surface layer of dark brown silt loam underlain by a 43-inch thick subsoil. The subsoil typically consists
of an upper layer of yellowish-brown silty clay loam and a lower layer of yellow-brown plastic clay. The
substratum is very dark grayish brown gravelly sand. Depth to bedrock is greater than 50 inches.

Hayter Loam (2 to 7% slopes). The Hayter soils comprise less than 1% of the soils at the MMA and
consist of well-drained, deep, gently sloping soils, which are situated on stream terraces.

Reaction of Hayter soils ranges from strongly acid to slightly acid. The organic matter content of the
Hayter soil is low to moderate and permeability is moderately rapid. Available water capacity of the
Hayter soil is moderate. A typical profile of the Hayter soil consists of a 14-inch thick surface layer of
very dark grayish-brown loam underlain by a 41-inch thick subsoil. The subsoil is typically comprised of
brown loam at a depth interval of 14 to 38 inches and brown cobbles and sandy, clay loam at a depth
interval of 38 to 55 inches. The substraturn is brown cobbles loam. Depth to bedrock is greater than 48
inches. .

Lowell Silt Loam (2 to 30% slopes). The Lowell soilé comprise less than 1% of the soils at the MMA
and are gently to strongly sloping areas found on side slopes and ridge tops..

Reaction of Lowell soils ranges from very strongly acid to mildly alkaline. The organic matter content of
- the Lowell soil is moderately low and permeability is moderately slow. Available water capacity of the
'Lowell soil is moderate and surface runoff is slow. A typical profile of the Lowell soil consists of a 11-
inch thick surface layer of dark yellowish brown silt loam underlain by a 27-inch thick subsoil of strong
brown and reddish-yellow silty clay and clay. The substratum is yellowish brown shaley silt loam at
depths greater than 60 inches. This soil map unit does not have a seasonally high water table within 60
inches of the surface.

McGary and Purdy Soils. This soil map unit comprises less than 1% of the soils at the MMA and
consists of poorly to very poorly drained soils situated on flood plains and low terraces. The map unit
consists of approximately 40% deep McGary soils, 35% deep Purdy soils, and 25% other soils.

‘Reaction of the McGary soils ranges from extremely acid to mildly alkaline. Reaction of the Purdy soils
ranges from extremely acid to strongly acid. Surface runoff for both soils is medium and available water
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capacity is moderate. Organic matter content is low to moderate for the McGary and Purdy soils.
Permeability is slow or very slow in both soils. A seasonally high water table is present in the McGary
soil at a depth of 12 to 36 inches. In the Purdy soil, the depth of the seasonally high water table is 12 -
inches or less.

The proﬁle of the McGary soil typically consists of a nine-inch thick surface layer of dark gray silt loam
by a 28-inch thick subsoil of yellowish-brown sticky and plastic clay mottled gray and yellowish brown.
The substratum is gray sticky and plastic clay that is mottled yellowish brown below a depth of 48
inches. Depth to bedrock is greater than 60 inches.

The Purdy soil profile typically consists of an 11-inch thick surface layer of very dark grayish brown and
grayish brown loam underlain by a 23-inch thick subsoil of grayish brown sticky and plastic clay with
yellowish-brown mottling. The substratum is mottled light gray and gray, sticky and plastic, clay loam
below a depth of approximately 34 inches. Depth to bedrock is greater than 60 inches in the McCarty
soil and greater than 48 inches in the Purdy soil.

Rock Outcrop-Newbern-Carbo Complex (30 to 65% slopes). This complex comprises approximately
2% of the soils at the MMA and consists of steep and very steep soils, and rock outcrop. The soil map
consists of approx1mately 50% rock outcrop, 25% Newbemn soils, 20% Carbo soils, and 5% other s01ls

Reactlon of the upper part of both soils profiles ranges from slightly acid to neutral. Reaction of the
lower part of the profile for both soils ranges from neutral to moderately alkaline. The organic matter
content is moderately low for both soils. Permeability is moderate in the Newbern soils and slow in the
Carbo soils. Surface runoff is rapid or very rapid for both s01ls Available water capacity is very low for
the Newbern soils and low in the Carbo soils.

A typical profile of the Newbern soil consists of a seven-inch thick surface layer of yellowish brown silt
loam underlain by an eight-inch thick subsoil of brownish yellow shaley silty clay loam. Unconsolidated
shale is typically at a depth of 15 inches and hard shale is at a depth of 19 inches.

- A typical proﬁle of the Carbo soil consists of a five-inch thick surface layer of yellowish brown silty clay
~ loam underlain by a 26-inch thick subs01l of strong brown clay. Limestone bedrock is typlcally ata
depth of 31 inches.

Ross Solls The Ross soils comprlses approximately 1% of the soils at the MMA and consist of well-
drained, deep and nearly level s01ls situated on levees adjacent to streams and in scour channels on ﬂood
~ plains. - :

Reaction of Ross soils range ﬁ-om slightly acid to moderately alkaline. The organic matter content of
Ross soil is moderate to high and permeability is moderate. Available water capamty of the Ross soil is
high and surface runoff is slow.

A typical profile of the Ross soil consists of a ten-inch thick surface latyer of dark brown loam underlain
by a 25-inch thick subsoil of dark brown loam. The substratum is brown loam below a depth of ‘
approximately 35 inches. Depth to bedrock is greater than 60 inches.

Udorthents and Urban Land. These soils comprise less than 2% of the soils at the MMA and consist of
moderately well drained or somewhat poorly drained, shallow to deep, soils. This map unit ranges from
nearly level and gently sloping to strongly sloping and moderately steep. Urban land consists of soils
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covered by streets, parking lots, buildings, and other structures. The map unit comprises of
approximately 45% Udorthents, 30% Urban land, and 25% other soils.

Reaction of Udorthents soils ranges from extremely acid to moderately alkaline. The organic matter
content of this soil is low to high and permeability ranges from slow to moderately rapid. A perched
seasonal high water table occurs in this soil at a depth of 24 to 42 inches.

SCS has not provided a profile of the Udorthents soil because of its variability. In general, the surface
layer ranges from five to 15 inches and is variable in color and texture. Underlying material generally
extends to a depth of several feet.

Unison-Urban Land Complex (2 to 25% slopes). This complex comprises approximately 32% of the
soils at the MMA and occurs on side slopes and ridgetops. The map unit consists of approximately 50%
Unison soils, 25% Urban land, and 25% other soils.

Reaction of Unison soils ranges from strongly acid to medium acid. The organic matter content of this
soil is low to moderate and permeability is moderate. Available water capacity of the Unison soil is
moderate and surface runoff is medium. In disturbed areas, the above soil characteristics are extremely
variable. A typical profile of the Unison soil in undisturbed areas consists of a 15-inch thick surface
layer of dark brown and brown loam underlain by a 43-inch thick subsoil of yellowish-red sticky and
plastic clay. The substratum is red sandy clay loam below a depth of approximately 58 inches. Depth to
bedrock is greater than 60 inches. Urban land consists of soil covered by streets, parking lots, buildings,
and other structures.

Unison and Braddock Soils (7 to 25% slopes). These soils comprise less than 1% of the soils at the
MMA and occur on side slopes near the New River. This map unit consists of well drained and strongly
sloping to moderately steep soils that are located on stream terraces and alluvial plains. The Unison and
Braddock soil map unit consist of approxunately 45% deep Unison soils, 40% deep Braddock Soils, and
15% other soils. -

Reaction of Unison soils ranges from strongly acid through medium acid. Reaction of the Braddock soils
ranges from very strongly acid to strongly acid. The organic matter content for both of these soils is low
to moderate and permeability is moderate. Available water capacity of the Unison and Braddock soils is
moderate and surface runoff is rapid.

A typical profile of the Unison soil in undisturbed areas consists of a 15-inch thick surface layer of dark

~brown and brown loam underlain by a 43-inch thick subsoil of yellowish red sticky and plastic clay. The
substratum is red sandy clay loam below a depth of approximately 58 inches. Depth to bedrock is greater
than 60 1nches :

The Braddock soil profile typically consists of a 17-inch thick surface layer of dark yellowish brown and
strong brown loam underlain by a 42-inch thick subsoil of sticky and plastic clay. The plastic clay is
yellowish red within the depth interval of 17 to 28 inches and is dark red within the depth interval of 28
to 59 inches. The substratum is red sandy clay loam. Depth to bedrock is greater than 60 inches.

Weaver Soils. The Weaver soils comprise approximately 1% of the soils at the MMA and consist of
moderately well drained and deep soils located in nearly level areas within flood plains.

Reaction of Weaver soils ranges from neutral to moderately alkaline. The organic matter content of the
Weaver soil is low to moderate and permeability is moderate. Available water capacity of the Weaver
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soil is high and surface runoff is slow. A seasonally high water table exists in the Weaver soil at a depth
of 18 to 30 inches. A typical profile of the Weaver soil consists of a ten-inch thick surface layer of dark
brown silt loam underlain by a 39-inch thick subsoil of silt loam of variable color. The substratum is
dark gray gravel sandy clay loam below approximately 49 inches. Depth to bedrock is greater than 40
inches.

Wheelmg Sandy Loam. This soil map unit compnses approx1mate1y 9% of the soﬂs of the MMA and
consists of soils situated on nearly level terraces.

Reaction of the Wheeling soils ranges from strongly acid to medium acid. The organic matter content of
this soil is moderately low and permeability is moderate. Available water capacity of the Wheeling soil

- is moderate and surface runoff is slow. The Wheeling soil does not have a seasonally high water table
within 60 inches of the surface. A typical profile of the Wheeling soil consists of a ten-inch thick surface
layer of dark brown sandy loam underlain by a 42-inch thick subsoil of dark brown sandy clay loam and
sandy loam. The substratum is dark brown, gravelly sandy loam to minimum depth of 60 inches.

Wurno-Newbern-Faywood Silt Loams (15 to 35% slopes). These soils comprise approximately 2% of
the soils at the MMA and consist of moderately steep and steep soils. This soil map unit consists of
* approximately 35% Wurno soils, 30% Newbemn soils, 25% Faywood soils, and 10% of other soﬂs This
soil map unit does not have a seasonally high water table:

Reaction of the upper part of the Wurno soil profile ranges from slightly acid to rmldly alkaline.
Reaction of the lower part of the Wurno soil profile ranges from neutral to mildly alkaline. Reaction of
~ the upper parts of the Newbern soil profile range from slightly acid to neutral. Reaction of the lower
parts of the Newbern soil profile range from neutral to m11d1y alkaline. Reaction of the Faywood soil
ranges from strongly acidic to neutral. »

Organic matter content for the Wurno and Newbern soils is moderately low. Organic matter content for
' Faywood soil is moderate. Permeability of Wurno and Newbern soils is moderate. Permeability of the
- Faywood soils is moderately slow. Available water capacity is very low for the soils and runoff is rapid. |

- A typical profile of the Wurno soil consists of a seven-inch thick surface layer of yellowish brown silt
loam underlain by a six-inch thick subsoil of brownish-yellow very shaley silty clay loam. The
substratum is partially weathered shale 13 inches thick. Bedrock is typically at a depth of 18 inches.

The Newbern soil preﬁle typically consists of a five-inch thick surface layer of yelloWish brown silty
clay loam underlain by a 26-inch thick subsoil of strong brown clay. Limestone bedrock is typlcally ata
depth of 31 inches.

A typical profile of the Faywood soil consists of a ten-inch thick surface layer of yellowish brown silt
loam underlain by an 18-inch thick subsoil of yellowish brown silty, clay loam and silty clay. Bedrock is

- typically at a depth of 28 inches.

3 5. 2 New Rlver Unit
Figure 3-2 shows that 11 SCS soil types underhe the NRU. The text below summarizes the physwal and
chemical charactenstlcs of these soil types (SCS 1985b).

Carbo Sthy Clay Loam (7 to 3OA slopes). These soils comprise approximately 12% of the soils at the
NRU and consist of strongly sloping to steep soils situated on convex side slopes along drainage ways.
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Rock outcrops cover approximately 1 to 10% of the mapped area. This soil map unit does not have a
seasonally high water table.

Reaction of the Carbo soil ranges from slightly acid to mildly alkaline. The organic matter content is
moderately low in the Carbo soil. Permeability of this soil is slow, with medium to rapid surface runoff.
Available water capacity is low in the Carbo soil. A typical profile of the Carbo soil consists of a seven-
inch thick surface layer of dark yellowish to strong brown silty clay loam underlain by a 26-inch thick
subsoil of strong brown clay. Hard limestone and shale bedrock is typically at 30 inches, but the depth
may range from 20 to 40 inches. This soil map unit does not have a seasonally high water table.

Carbo-Rock Outcrop Complex (10 to 45% slopes). This complex comprises approximately 10% of the
soils at the NRU and consists of strongly sloping to steep soils and areas of exposed rock. This complex
consists of approximately 60% Carbo soils, 30% exposed rock, and 10% other soils.

Reaction of the Carbo soils ranges from slightly acid to mildly alkaline. The organic matter content is
low to moderate in the Carbo soil. Permeability of the Carbo soil is slow and runoff is very rapid.
Available water capacity for this soil is low. A typical profile of the Carbo soil consists of a five-inch
thick surface layer of dark yellowish brown silty clay loam underlain by a 26-inch thick subsoil of strong
brown clay. Limestone bedrock is typically at a depth of 31 inches.

Frederick Loam (2 to 30% slopes). This soil comprises 9% of the soils at the NRU and consists of well-
drained and gently to steeply sloping soils located on side slopes and ridge tops.

Reaction of the Frederick soils ranges from very strongly acid to strongly acid. The organic matter
content is low to moderate in the Frederick soil. Permeability and available water capacity for this soil
are moderate. A typical profile of the Frederick soil consists of a seven-inch thick surface layer of
yellowish-brown loam underlain by a 53-inch thick subsoil, which in the uppermost portion consists of a
strong brown clay loam. Strong brown silty clay and yellowish-red clay comprise the remainder of the
subsoil. Depth to bedrock is greater than 60 inches.

G'roseclose-Urban Land Complex (2 to 15% slopes). These soils comprise approximately 4% of the
soils at the NRU. The complex consists of gently to strongly sloping Groseclose soils and areas that have
been partly altered by grading or filling activities. This map unit consists of approximately 50%
Groseclose soils, 40% urbanized, and 10% other soils.

Reaction of the undisturbed Groseclose soils ranges from extremely acid to strongly acid. Surface runoff
is medium to rapid for these soils and available water capacity is medium. Permeability is slow in the
Groseclose soil. The profile of the Groseclose soil typically consists of an eight-inch thick surface layer
of dark yellowish brown silt loam underlain by a 52-inch thick subsoil. The upper portion of subsoil is
strong brown silty clay, the middle portion of the subsoil is strong brown silty clay, and the lower portion
consists of strong brown silty clay loam. Fill material is present in some areas to depths greater than 36
inches.

Groseclose and Poplimento Soils (2 to 30% slopes). These soils comprise approximately 19% of the
soils at the NRU and consist of well drained, gently to steep sloping soils that are located on side slopes
and ridgetops. This map unit consists of approximately 45% deep Groseclose soils, 40% Poplimento
soils, and 15% other soils.

Reaction of the Groseclose soils ranges from extremely acid to strongly acid. Reaction of the Poplimento
soils ranges from strongly acid to medium acid. Surface runoff for these soils is medium or rapid
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depending on the slope. Organic matter content is low to moderate in the Groseclose soil and low in the
Poplimento soil. The available water capacity is medium for both soils. Permeability is slow in the
Groseclose soil and moderately slow in the Poplimento soil.

The profile of the Groseclose soil typically consists of an eight-inch thick surface layer of dark yellowish
brown silt loam underlain by a 52-inch thick subsoil. The upper portion of the subsoil is strong brown
silty clay, the middle portion of the subsoil is strong brown silty clay, and the lower portion consists of
strong brown silty clay loam. At depths greater than 54 inches, the substratum is yellowish-brown 511ty
clay loam to a depth of at least 67 inches.

'Generally, the typical Poplimento soil profile consists of a seven-inch thick surface layer of dark
yellowish brown silt underlain by a 37-inch thick subsoil. The upper portion of the subsoil is strong
brown silt loam, the middle portion is yellowish-brown and strong brown clay, while the lower part
consists of reddish-yellow clay. The substratum extends to a depth of at least 60 inches and consists of
reddish-yellowish and strong brown silty clay loam. Depth to bedrock is greater than 48 inches.

Linside-Nolin Silt Loams (0 to 2% slopes). These soils comprise approximately 3% of the soils at the
" NRU and consist of nearly level soils. This map unit consists of approximately 55% deep Linside soils,
35% Nolin soils, and 10% other soils.

" The organic matter content for both of these soils is moderate. Available water capacity of the Linside
and Nolin soils is high and surface runoff is very slow. Linside soils have a seasonally high water table"
of 18 to 30 inches. Nolin soils have a seasonal high water table of 36 to 72 inches. '

A typical profile of the Linside soil consists of a ten-inch thick surface layer of dark yellowish brown silt
loam underlain by a 28-inch thick subsoil consisting of mottled brown and gray silt loam and silty clay
loam. The substratum is grayish brown silt loam to a depth of 60 inches or more. Depth to bedrock is
greater than 60 inches.

The Nolin soil profile typically consists of a seven-inch thick surface layer of brown silt loam underlain
by a 31-inch thick subsoil of brown silt loam. The substratum is dark yellowish brown silty c]ay loam to
a depth of 60 inches or more. Depth to bedrock is greater than 60 inches.

Lodi Loam (2 to 30% slopes). This soil map unit comprises approximately 8% of the soils of the NRU
‘and consists of gently to steeply sloping soils situated on convex side slopes and ridge tops.

Reaction of the Lodi soils ranges from very strongly acid to strongly acid. The organic matter content of
this soil is moderately low and permeability is moderate. Available water capacity of the Lodi soil is
moderate and surface runoff is medium. The Wheeling soil does not have a seasonally high water table
within 72 inches of the surface. A typical profile of the Lodi soil consists of a seven-inch thick surface
layer of yellowish-brown loam underlain by a 53-inch thick subsoil. The subsoil is yellowish brown
loam in the upper portion, strong brown clay in the middle portion, and yellow and brownish-yellow clay
loam in the lower portion. Depth to bedrock is greater than 60 inches.

Lowell Silt Loam (2 to 30% slopes). The Lowell soils comprise approximately 18% of the soils at the
NRU and are gently to steeply sloping soils situated on side slopes and ridge tops. This soil map unit
“does not have a seasonally high water table within 60 inches of the surface. '

Reaction of Lowell soils ranges from very strongly acid to mildly alkaline. The organic matter content of
the Lowell soil is moderately low and permeability is moderately slow. Available water capacity of the
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Lowell soil is moderate and surface runoff is slow. A typical profile of the Lowell soil consists of a 11-
inch thick surface layer of dark yellowish brown silt loam underlain by a 27-inch thick subsoil of strong
brown and reddish-yellow silty clay and clay. The substratum is yellowish-brown shaley silt loam at
depths greater than 60 inches.

Newark Variant Silt Loam (0 to 2% slopes). The New Variant soils comprise less than 1% of the s01ls
at the NRU and are nearly 1eve1 soils situated along drainage ways.

Reaction of Newark Variant soils ranges from medium acid to mildly alkaline. The organic matter
content and permeability of this soil are moderate. Available water capacity of the Newark Variant soil
is moderate to high and surface runoff is very slow. A seasonal water table is present at a depth of six to
18 inches. A typical profile of the Newark Variant soil consists of a 21-inch thick surface layer of dark
brown to light yellowish brown silt loam underlain by a 28-inch thick subsoil of brown silt loam with
mottles. The substratum is gray clay and extends to depths greater than 60 inches. Depth to bedrock is
greater than 60 inches. This soil map unit does not have a seasonally high water table within 60 inches of
the surface.

Slabtown Silt Loam (2 to 15% slopes). The Slabtown soils comprise approximately 4% of the soils at
the NRU and are gently to strongly sloping soils situated on concave toe and foot slopes and at the heads

of drainage ways. This soil map unit does not have a seasonally high water table within 60 inches of the
surface.

Reaction of Slabtown soil ranges from medium acid to mildly alkaline. The organic matter content of
this soil is moderately low and permeability is moderately slow. Available water capacity of the
Slabtown soil is high and surface runoff is medium or rapid. A seasonal water table is present at a depth
of 18 to 36 inches. A typical profile of the Slabtown soil consists of a nine-inch thick surface layer of
brown silt loam underlain by a 51-inch thick subsoil. The upper part of the subsoil is yellowish brown
silt loam and gravelly silty clay loam and the lower part is yellow1$h-brown clay. Depth to bedrock is
greater than 60 inches.

Wurno-Newbem-Faywood Silt Loams (75 to 30% slopes). These soils comprise approximately 12% of
the soils at the NRU and consist of moderately steep and steep soils. This soil map unit consists of
approximately 35% Wurno soils, 30% Newbern soils, 25% Faywood soils, and 10% of other soils.

Reaction of the upper part of the Wurno soil profile ranges from slightly acid to mildly alkaline.
Reaction of the lower part of the Wurno soil profile ranges from neutral to mildly alkaline. Reaction of
the upper parts of the Newbern soil profile range from slightly acid to neutral. Reaction of the lower
parts of the Newbern soil profile range from neutral to mildly alkaline. Reaction of the Faywood soil
ranges from strongly acidic to neutral. The organic matter content for the Wurno and Newbern soils is
moderately low. Organic matter content for Faywood soil is moderate. Permeability of Wurno and
Newbern soils is moderate. The permeability of the Faywood soils is moderately slow. Available water
capacity is very low the three soils and runoff is rapld

A typical profile of the Wurno soil consists of a seven-mch thick surface layer of yellowish brown silt
loam underlain by a six-inch thick subsoil of brownish-yellow very shaley silty, clay loam. The-
substratum is partially weathered shale 13 inches thick. Bedrock is typically at a depth of 18 inches.

The Newbern soil profile typically consists of a five-inch thick surface layer of yellowish brown silty
clay loam underlain by a 26-inch thick subsoil of strong brown clay. Limestone bedrock is typically at a
- depth of 31 inches.

» August 2003 ) 3-16 : Radford Army Ammunition Plant
Master Work Plan



A typical profile of the Faywood soil consists of a ten-inch thick sﬁrface layer.of yellowish brown silt
loam underlain by an 18-inch thick subsoil of yellowish brown silty, clay loam and silty clay. Bedrock is
typically at a depth of 28 inches. This soil map unit does not have a seasonally high water table.

3.6 REGIONAL GEOLOGY.

The Valley and Ridge Physiographic Province of southwestern Virginia consists of closely spaced
valleys and ridges that are directly related to folds in the underlying Paleozoic sequence of rocks, dating
from 550 to 300 million years ago. - Table 3-1 summarizes the geologic events affecting the Valley and
Ridge Province. The history of the Paleozoic era includes a series of sea level transgressions and
regressions as well as three orogenic (mountain building) events. The transgressions are recorded by the
deposition of marine sediments (carbonates/dolostone), and clastic sediments evidence the regressions.
The orogenic events are recorded by deformation (faulting, folding, and fracturing) in these rocks.

3.6.1 Stratigraphy of the Southern Appalachian Valley and Ridge Province

From the Cambrian through Ordovician periods, célrbonates were primarily deposited in the area that
became the Valley and Ridge province. These rocks record the presence of a shallow, warm sea, much
like the present-day Caribbean, extending from eastern Canada through Alabama. A series of clastic
(terrestrial) sedimentary rocks with minor amounts of carbonate were deposited from the Late Ordovician
through Pennsylvanian periods.

Cambrian-aged carbonates and clastic rocks of the Elbrook Formation and similar rocks of Ordovician
age underlie most of RFAAP. Much younger Mississippian-aged shales and mudstones of the
McGary/Price Formations are present at the eastern border of RFAAP. :

3.6.2  Structural History of the Southern Appalachian Valley and Ridge Province

Most of the extensive folding and faulting observed in the southern Valley and Ridge province is
attributed to compression during the Late Paleozoic Alleghanian orogenic event. This event was caused
by the collision of North America with what is now Europe in the Mid-Pennsylvanian period.

Major thrust slices in the Valley and Ridge Province of southwestern Virginia include the Pulaski,
Saltville, Copper Creek, and Clinchport thrust sheets. Faults have displacements on the order of tens of
kilometers. Other major structural features include northeast-southwest trending folds and faults region.
(Schultz 1988). Figure 3-3 shows the major thrust faults of the Valley and Ridge Province in the RFAAP
The Pulaski thrust sheet, which is located in the area of RFAAP, is one of the several major, southeast
dipping Alleghanian thrusts of the southern Appalachians. This thrust sheet has been traced along strike
for approximately 500 kilometers. Estimates of the displacement near RFAAP range from 15 to 50
kilometers (Bartholomew 1979). At RFAAP, the Pulaski thrust emplaced older Cambrian rocks (Elbrook
Formation) over younger Mississippian rocks (McCray/Price Formation). The maximum thickness of the
overlying thrust sheet ranges from 1,500 to 4,000 meters. The fault surface is rarely exposed. When
exposed, the type of exposure consists of fractured, veined and folded Cambrian dolomites, argillaceous
dolomites and phyllites of the broken formations lying on soft and highly weathered, fractured, and
foliated Mississippian rocks (Schultz 1983).

Figure 34 shows the geology of the Pulaski thrust sheet. Regional scale synclmorla are the dominant
first-order structures of the Pulaski thrust sheet as shown on Figure 3-5.
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Summary of Geologic Events

Table 3-1 :
Affecting the Valley and Ridge Province
RCRA Facility Investigation Master Work Plan
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The Pulaski thrust sheet has undergone a four-fold deformational sequence. From relatively oldest to
youngest this sequence includes:

1. Decollement thrusting along a footwall of Cambrian rocks;

2. Thrusting over a ramp that formed in folded and faulted rocks ranging in age from Cambrian to
Mississippian;

3. Decollement thrusting along a footwall of Mississippian rocks; and

4. Folding and faulting of the emplaced Pulaski thrust sheet and of rocks of the footwall of the Pulaski
thrust sheet (Saltville sheet) (Shuitz 1983).

Rocks of the Pulaski thrust sheet consist of two distinctly different litho-tectonic units (groups of rock
units that have similar physical characteristics). Rocks in the lower part of the sheet have high
mechanical anisotropy, alternating high and low competency, and rheologic contrasts. These rocks are
chiefly laminated and thinly bedded dolomites, argillaceous phyllites, alternating with massive dolomites
and limestones of the Lower Cambrian Rome Formation and the lower part of the Middle Cambrian
Elbrook Formation. The upper part of the Pulaski thrust sheet has rocks of low mechanical anisotropy,
dominantly high competency, and low rheologic contrasts. These rocks are massive dolomites and thin-
to thick-bedded limestones of the upper part of the Middle Cambrian Elbrook Formation and the Upper
Cambrian Conococheague Formation (Schultz 1983).

3.7 RFAAP GEOLOGY

RFAAP is located in the New River Valley, which crosses the Valley and Ridge province approximately
perpendicular to the regional strike of bedrock, and chiefly cuts Cambrian and Ordovician limestone or
dolostone. Deep clay-rich residuum is prevalent in areas underlain by carbonate rocks. The valley is
covered by river floodplain and terrace deposits; karst topography is dominant.

Karst features at RFAAP include sinkholes, bedrock voids, pinnacled bedrock, and springs formed by the
dissolution of calcium carbonate by naturally occurring carbonic acid in rainwater. The greatest areas of
karst features are controlled by bedrock stratigraphy and structure, and by the presence of major
drainages.

RFAAP occupies the central portion of the Pulaski fault thrust sheet (Schultz 1988). Four major rock
units underlie RFAAP including the Elbrook Formation (Cambrian), the Rome Formation (Cambrian),
the Conococheague Formation (Cambrian), and the McCrady/Price Formation (Mississippian). The
Elbrook and McCrady/Price Formations outcrop at RFAAP.

Unconsolidated sediments of Quaternary age overlie the rock units; this sediment includes alluvial,
residual, and colluvial deposits.

Although the area surrounding RFAAP had been mapped geologically in detail (Schultz, open file in
preparation), the Facility itself had not previously undergone rigorous geologic mapping. In June 1995,
Parsons Engineering Science, Inc. (Parsons) performed a reconnaissance-level mapping project of the
complex geological structural features with the MMA at RFAAP. This effort was done to supplement
the existing geologic data for the area and to address site-specific deficiencies in the geologic database
(Parsons 1996). IT performed additional field mapping of the geological structural features at the MMA
in 2000 as part of the Current Conditions Report for the HSA (IT 2001). The IT field mapping effort
including observing the geology of outcrops in the HSA and nearby surrounding areas for structural
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features including strike, dip, and fissure and joint set orientation. IT integrated data from their

investigation, the Parsons mapping project, and both published and unpublished geology maps of the
RFAAP area.

3.71 Geologic Map Units
The following sections describe the five geologic formations that underlie REAAP.

3.7.1.1 Elbrook Formation

The Elbrook Formation is the major rock unit cropping out at RFAAP. This formation is composed of
thickly bedded, blue-gray dolostone interspersed with blue-gray to white limestone; brown, green, and
red shale; argillaceous limestone, and brecciated limestone (colors range from mottled light- to dark-gray
and yellow-brown). Sinkholes, solution channels, pinnacled surfaces, and springs are common to the
Elbrook. This Formation ranges from 1,400 to 2,000 feet thick. The strike of bedding in the Elbrook
Formation is variable throughout the region. The general orientation of bedding is seen in the nearly
east-west alignment of sinkholes at RFAAP and the surrounding area. Most sinkholes in the area are
oval shaped and elongated with respect to the strike of the bedding; they most likely represent fractured
or faulted zones within the underlying Elbrook Formation.

3.7.1.2 Rome Formation

The Rome Formation underlies the Elbrook Formation; however, the Rome does not outcrop at RFAAP.
This Formation is composed of red and green shales, sandstone, dolostone, and limestone. The red
shales commonly mark the basal unit. The thickness ranges from 1,000 to 2,000 feet.

3.7.1.3 Conococheague Formation

The Conococheague Formation overlies the Elbrook Formation and is composed of limestone, dolostone,
and sandstone. It ranges in thickness from about 1,700 to 2,200 feet. This unit does not crop out within
RFAAP.

3.7.1.4 McCrady/Price Formation

Mississippian rocks of the McCrady/Price Formation crop out east of the main plant area along Stroubles
Creek. This Formation consists of mottled red and green shale and mudstone interspersed with
brownish-green siltstone and sandstone. The McCrady/Price Formation may be up to 1,500 feet thick.

3.7.1.5 Max Meadows Tectonic Breccia

The Max Meadows tectonic breccia, which is evidence of the close proximity of the Pulaski fault surface,
is abundant in the southeastern region of the HSA. This tectonic breccia consists of poorly sorted,
angular to sub-rounded clasts of massive dolostones, laminated dolostones, and finely laminated,
greenish-gray calcareous mudstones in a fine to very fine-grained matrix of crushed dolostones. Clasts
range from less than one inch to more than three feet in length. The breccias are massive to crudely
layered, and are well to poorly indurated. The breccia, which is most fine-grained along the fault contact
(Schultz 1986), is an integral part of the highly deformed rocks along the base of the Pulaski thrust sheet.

3.7.2 Unconsolidated Sediments

Unconsolidated sediments (overburden) mantle the major portion of RFAAP. These include alluvial
plain sediments deposited by the New River prior to entrenchment, residual deposits from in-place
weathering of parent bedrock, and colluvial deposits developed by residual slope wash.
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Alluvial plain deposits commonly line the New River and Stroubles Creek, some as recent floodplain
material and some as geologically older terraces. Three terrace deposit types are evident within the HSA,
which fine upward. Gravels and silty, clayey sands form the basal unit. Finer micaceous silts and clays
overlie the basal unit. Sporadic cobbles and boulders (known as river jack) occur as lenses throughout
the alluvial strata. Thickness of the alluvial deposits varies from a few feet to 50 feet, with an average of
20 feet (Parsons 1996).

Residual deposits (clays and silts) are a result of chemical and physical weathering of the parent bedrock.
Residual deposits cover most of RFAAP. In most cases along the New River and in the HSA, these
residual deposits underlie the alluvium, except where the residuum has been eroded to bedrock and
replaced by alluvium. The depth of the overburden varies from a few feet to 70 feet (Parsons 1996).

Colluvial deposits generally form from mass wasting of slopes and escarpments. In general, these
deposits are a heterogeneous mixture of alluvium, residuum, and rock debris that have moved from their
original position. These deposits, which have variable thickness, are generally interbedded between the
strata of alluvium and residuum.

3.7.3 Recent Faulting

Evidence of recent faulting has not been observed near RFAAP. However, the Radford area has
experienced seven earth tremors in the last 200 years with a recorded intensity of VI or higher on the
Modified Mercalli Scale (USAEHA 1980). Several recent studies (Bollinger and Wheeler 1983; 1988)
have delineated a low-level seismic zone in the central and northwestern part of the Valley and Ridge
province in Giles County, VA. The largest recorded quake occurred in 1987, had a modified Mercalli
Intensity of VIII, and was centered in Pearisburg, Virginia. Schultz and Southworth (1989) have shown
that the largest slope failures in the folded Appalachians occur in the Giles County Seismic Zone,
immediately northwest of RFAAP.

3.74 Bedrock Orientation

Bedrock orientation varies significantly at RFAAP because of the complex structural history of the
Valley and Ridge Province in this area. IT and Parsons collected 159 strike measurements from outcrops
at the MMA and nearby areas during their field mapping efforts. IT presented the compiled data on a
rose diagram (Figure 3-6). The most predominant strike orientations are in four directions: N70°-75°W
(70 degrees to 75 degrees west of north), N25°-35°W, N0°-10°W, and N60°-65°E (IT 2002).

IT collected 86 dip measurements from outcrops at the MMA and nearby areas during the field mapping
efforts (IT 2002). Figure 3-7 presents these data as a histogram and indicates that the predominant dip
for bedrock measured at RFAAP. This figure indicates that the most predominant dip ranges measured
are the following:

e 10°to 20° (11 measurements);

e 20° to 30° (22 measurements);
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e 30° to 40° (14 measurements); and
e 40°to 50° (11 measurements).

3.7.5 Faults

Prominent deformation features include faults, folding, and fracture or joint set orientations. Figure 3-8
shows the numerous faults, photolineaments, and karst features in the RFAAP area, as presented by IT
(2001) in the HSA Current Conditions Report. Most of the thrust faults, illustrated with the teeth on the
upper plate (overriding plate) are predominantly east-west trending thrust faults. Other faults mapped are
high-angle faults, with dip angles greater than 45 degrees.

Depending on the strike of the bedrock, the fissures or fractures are generally perpendicular to the strike.
The compressional and/or tensional forces exerted on the rocks during the Allegheny Orogeny further
complicate this relationship making it more difficult to interpret trends in fractures, joints, and joint-sets.

3.7.6 Photolineament Trends (Fracture Traces)

Fracture traces are linear features identified in aerial photographs that represent the surface expression of
major fractures and/or zones of fracturing. Identifying lineament features, such as fracture traces, is
important because fractures or fracture zones can act as preferential pathways for groundwater flow,
increasing flow rates, and in some cases, redirecting flow away from an expected flow direction.
Fractures are of particular environmental concern because they represent pathways through which
contaminants may enter and move through an aquifer.

Photolineament studies were conducted by the U.S. Environmental Protection Agency (USEPA) (1992a)
and IT (2001) to identify lineaments, fracture traces, faults, bedding plane orientations, and karst features
in the area of RFAAP. These studies used aerial photographs and topographic maps to identify and map
photogeologic signatures such as soil-tonal variations, vegetation and topographic alignments, bedding
planes, karst features such as sinkholes, and other geologic structures.

The desktop study conducted by USEPA’s Environmental Photographic Interpretation Center (EPIC)
identified the following:

e 66 fracture traces in the area of RFAAP;
e Approximately 70 potential sinkholes in the MMA (excluding the HSA); and
e Approximately 100 potential sinkholes in the HSA.

IT conducted the photolineament study as part of the field geologic mapping effort completed for the
HSA Current Conditions Report (IT 2001). This study used aerial photographs that predated and
postdated the development of the Facility. The IT study also included a ground-truthing component.
When supported by field data, the study differentiated between lineament features such as fissures and
faults.

Figure 3-8 shows the features identified by IT from the photolineament study. There were 596
photolineaments measured in the study area, which included an area comprising five fault blocks.
Photolineament data have a wide distribution reflecting the severe folding and faulting that occurred in this
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area. A rose diagram prepared by IT for the HSA Current Conditions Report shows the predominant
photolineament trends are in area. A rose diagram prepared by IT for the HSA Current Conditions Report
shows the predominant photolineament trends are in seven directions: N65°-70°W, N5°-10°W, N0°-5°E,
N10°-15°W, N45°-50°, and N60°-65°E. Figure 3-8 shows these identified trends.

Figure 3-9 shows the broken-formations and the structural complexity in the RFAAP. This figure depicts
the intense structural deformation as observed in bedrock outcroppings. The primary geologic control is
the Pulaski thrust sheet and the numerous thrust imbrications that have occurred through successive
tectonic events. Additional tectonic events have occurred that increases the number of faults and degree
of folding. Because of the intense structural deformities, severe fracturing of the bedrock units has
resulted in equally intense fracturing of the bedrock (IT 2001).

3.8 REGIONAL HYDROGEOLOGY

The Valley and Ridge topography consists of a series of ridges and valleys controlled by the structure
and weathering characteristics of the different rock lithologies. Folded and faulted resistant rocks, such
as sandstone, cherty limestone, dolostones, and conglomerate, generally underlie ridges. Less resistant
rocks, such as limestone and shale, generally underlie valleys.

Local flow systems comprise approximately 95% of the groundwater flow in the Valley and Ridge
province. These local systems are commonly restricted to depths shallower than 600 feet and generally
lie between adjacent topographic divides that range from a few thousand feet to a few miles apart (Swain
et. al. 1991).

The U.S. Geological Survey has identified three hydrogeologic terranes with the Valley and Ridge
province of Virginia including:

1. Carbonate rocks with regolith of at least 50 thick, with both diffuse flow and conduit flow at shallow
to intermediate depths less than 600 feet;

2. Carbonate rocks and sandstone with regolith up to 50 feet thick, with conduit and fracture flow at
shallow depths less than 300 feet; and

3. Clay-rich rocks with diffuse flow through clay-filled fractures at shallow depths less than 150 feet
(Swain et. al. 1991).

Parallel ridges and discharges to local streams generally restrict groundwater flow within the Valley and
Ridge province. Local streams are normal to the axes of the intervening valleys and are tributaries to the
main streams that flow along the axes of the valley. In places, main streams cut across or through the
ridges. Thus, topography combined with ridge-cutting main streams effectively compartmentalizes
groundwater flow into adjacent, but hydraulically isolated, shallow flow systems (Swain et. al. 1991).

In each local flow system, groundwater flows from ridge to valley until the water either discharges
directly to local streams or is intercepted and routed down-valley by a layer or zone of rocks, which has
well-developed secondary permeability (Swain et. al. 1991). Highly permeable layers or zones may
consist of (1) coarse-grained carbonate rocks with well-developed secondary permeability or (2)
permeable fracture zones that act as collectors or conduits (Parizek et. al. 1971). Generally, flow paths
parallel to the axis of the valley are several times longer than flow paths perpendicular to the axis of the
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valley. Flow components that are parallel to the axis of the valley commonly discharge to a spring or a
main stream that crosses the valley (Swain et. al. 1991).

Rocks of the Valley and Ridge province have low primary porosity and permeability. Within the
uppermost 300 feet of these rocks, fracturing and dissolution have produced substantial secondary
porosity and permeability. Wells commonly produce five to 500 gallons per minute from these
secondary openings (Swain et. al. 1991). Carbonate rocks are the most prolific groundwater supplies,
especially when they are associated with thick regolith (fragmented and unconsolidated material), which
acts as an important storage reservoir. Regolith stores recharge that would otherwise be rapidly diverted
to overland flow and slowly releases this water to underlying carbonate aquifers. The combination of
regolith and mature epikarst zones provides a large storage component to the local and regional
groundwater system (IT 2001). Figure 3-10 shows a conceptualized groundwater model in the Valley
and Ridge Province.

Groundwater supplies in the Valley and Ridge Province are generally of good quality compared to
surface water supplies (Parsons 1996). However, due to extended contact with minerals, many
groundwater supplies contain higher levels of dissolved solids than the streams into which they
discharge. Because of the sinkholes and underground voids in karst aquifers, there is potential for
groundwater to be impacted by direct infiltration of contaminated surface water.

3.8.1 Carbonate Hydrogeology

Carbonate rocks in the Valley and Ridge Province in the area of RFAAP comprises a karst terrane, which
is generally underlain by limestone and dolomite. Karst is a terrane with distinctive hydrology and
landforms, which arises from a combination of high rock solubility producing secondary porosity.

The primary feature of karst is the erosion or net removal of aquifer materials by dissolution or by
dissolution serving as the trigger mechanism for other processes. Most karst systems are of meteoric
origin, circulating groundwater at shallow depths with short, residence time underground. Over time, the
secondary permeability of carbonate rock increases with increased dissolution of aquifer materials
creating preferential pathways for water movement in the subsurface. Surface karst features, such as
sinkholes, and subsurface preferential pathways are intimately related.

The uppermost portion of Karstified rocks in the Valley and Ridge Province is the epikarst zone (or
subcutaneous zone). The epikarst zone is the dissolutionally weathered upper portion of the carbonate
bedrock, which can range in thickness from essentially zero to 100 feet or more. Factors affecting the
thickness of the epikarst zone include climate, glaciation history, patterns, and depth of groundwater
circulation, bedrock characteristics, and the history of vegetation of the area. Epikarstic development can
vary in intensity, with the degree of bedrock dissolution ranging from less than 1% to more than 50%.
The percentage of bedrock dissolution with the epikarst zone typically decreases with depth. Voids
within the epikarst zone are partially or completely full of sediments, with the percentage of the bedrock
void volume filled ranging from less than 5% to more than 95% (Aley 1997).

Permeability rates within the sediment filling of the epikarstic zone are highly variable. Permeability
rates of the sediment filling are often greater than might be expected from soils having similar textural
characteristics; particularly, where silt and clay sediment fillings have been subjected to some
desiccation. Silt and clay sediments subjected to desiccation commonly compact and develop
compaction cracks. Compaction cracks, and other structural and textural features with the sediment fills
often create

August 2003 331 Radford Army Ammunition Plant
Master Work Plan




90 m

8 km |

—

LIMESTONE FAULT SHOWING RELATIVE

— = MOVEMENT

DR BRTONE — WP CROUNDWATER STORED AND
TRANSMITTED THROUGH FISSURES
SHALE AND DISSOLUTION POROSITY
CAMBRAN AGE ROCKS SOURCE: RFAAP FIGURE 3-10
SEBER, P.R., BRAHANA, J.V. AND MASTER WORK PLAN

ORDOVICIAN AGE ROCKS HOLLYDAY, E.F. 1988. CONCEPTUALIZED
s < gyl da GROUNDWATER MODEL IN
b B i THE VALLEY AND RIDGE
Scale: File Name: PHYSIOGRAPHIC PROVINCE

SOURCE: DRAFT CURRENT CONDITIONS REPORT HORSESHOE AREA (IT 2001) S e s




zones of high permeability. Permeability rates through the sediment fills of the epikarstic zone are
commonly orders of magnitude higher than those found in adjacent carbonate bedrock (Aley 1997).

The epikarst zone stores water and concentrates flow while it passes to the vadose zone (bulk rock mass)
below the epikarst. At the base of the epikarst zone, groundwater flow is focused along a few major
fissures. Major tectonic fissures provide leakage paths from the epikarst zone, and their preferential
enlargement occurs from the base of the zone downward, resulting in hidden shafts. Such shafts
represent headwaters draining the epikarst zone above to conduit drainage system developed deeper in
the rock mass (Klimchouk 2000). :

Aley (1997) has divided epikarstic zones into the three hydrologlcal types based on their ab111ty to store
water.

Rapid-draining epikarsts. Significant storage of water is lacking in this type of epikarst. Saturation of
the epikarst zone with water generally occurs for less than a few hours at a time. Dissolutional voids are
relatively free of fine textured sediments in most cases. Areas commonly characterized by rapidly
draining epikarst include (1) alpine karst areas, (2) areas with high topographic relief, and (3) areas
where soluble purity of the carbonate bedrock is high and external sediment sources are low. '

Seasonally saturated epikarsts. This type of epikarst routinely stores water seasonally or after major
precipitation periods. - Water storage in the epikarst typically persists for weeks or months at a time.
Dissolutional voids are typically partially filled to almost completely filled with fine textured sediment.
Some preferential flow paths, which contain appreciable air-filled void space, typically exist. Seasonally
saturated epikarst zones typically form in areas characterized by: (1) humid conditions, (2) moderate
relief, (3) an appreciable thickness of soil and res1duum, and (4) the presence of perennial streams at
lower elevations than most of the epikarst zone.

Perennially saturated epikarsts. This type of epikarst zone is perennially saturated with water. Areas
commonly characterized by perennially saturated epikarsts include (1) humid areas, (2) areas of low to
moderate relief, and (3) areas located along perenmal streams. Voids in the bedrock are commonly most
filled with fine textured sediments.

~ Karst aquifers‘ may have diffuse and/or conduit type of groundwater flow (Swain et. al. 1991). Diffuse

" flow occurs under conditions in which most openings in the karstified rock intercommunicate and are full

" of water but have not been enlarged in specific zones by dissolution. Diffuse flow is slow by comparison

"to conduit flow and is frequently laminar; it may be turbulent if the rock openings are of sufficient
diameter (five to 15 millimeters) and the velocity of water flow is higher (USEPA 1999).

Discharges from carbonate aquifers that have a substantial amount of diffuse flow respond slowly to

“rainfall. These aquifers have a low ratio between maximum and base flow discharge, typically 4:1 or
less. The hardness of waters from diffuse flow is higher than for conduit flow. In addition, the hardness,
turbidity, discharge, and temperature are less variable in diffuse flow when compared to conduit flow
(Quinlin 1990). '

Conduit flow occurs in carbonate rocks in karst terranes where dissolutional voids are relatively large
(minimum diameter of five to 15 millimeters). These voids include enlarged fissures and tubular tunnels.
Conduit flow is generally turbulent, but can be laminar in openings up to 500 millimeters in diameter if
the velocity is sufficiently slow (USEPA 1999). This type of flow responds rapidly to rainfall and has a
high ratio between the maximum discharge and the base flow discharge (typically 10:1 to 1,000:1).
Water with conduit flow has low, but highly variable hardness. The turbidity, discharge, and temperature
of these waters are also highly variable (Quinlan 1990).
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Geomorphic factors, such as patterns of surface water drainage, strongly influence the development and
nature of karst aquifers. In the Valley and Ridge Province, stream or rivers crossing more resistant
bedrock tend to be high in elevation and have steeper gradients (e.g., New River) than streams or rivers
crossing nonresistant bedrock (e.g., Tennessee River). Entrenchment of streams and rivers has a direct
influence the gradient of aquifer. Thus, an increase in down cutting and gradient of a stream or river will
result in an increased gradient in the aquifer, which will then cause additional mechanical and chemical
erosion to occur within the aquifer (along bedding planes, fissures, etc.) (Swain et. al. 1991). In the area
of RFAAP, the down cutting of the New River has lowered the groundwater base level over time.

The elevation of springs in the karst aquifer strongly controls the elevation of the water table. An
entrenched river, such as the New River, typically controls spring elevations. The solution conduits that
feed springs are typically so efficient in transmitting water, that they possess a low hydraulic gradient.
Often, the potentiometric surface within or above the conduits lies slightly higher than the spring
elevation. During low flow, hydraulic heads in the large conduits are typically lower than the heads in -
the surrounding smaller and less efficient fractures. Therefore, water flows towards the conduit from the
surrounding narrow fissures and pores. This trend is often reversed during flood conditions, when large
openings are subjected to sudden surges of water from the surface (Palmer 1984).

Geologic factors, such as tectonics, regional structures, bedding planes, faults, fissuring, etc. influence
the storage and movement of groundwater within karst aquifers. Tectonics can have a major influence on -
hydraulic potential because it affects the balance of uplift and erosion. Regional structures are important
for the control of folding and faulting. Anticline and syncline structures associated with tension and
compression develop joint patterns reflecting these conditions. Percolating waters more readily penetrate
joints and fractures under tension than under compression. Thus, anticlines and domes represent
potentially important sites for aquifer recharge. On. the other hand, synclinal troughs represent
potentially important sites for flow convergence and accumulation of groundwater (IT 2001).

Bedding planes represent another controlling factor in movement of groundwater within the karst aquifer.
Bedding planes can (1) link joint dominant routes for downward percolation in the vadose zone
(unsaturated zone) and (2) allow for lateral movement of water in the phreatic zone (saturated zone). As
the dip becomes steeper, bedding-plane partings can increasingly provide recharge routes. Water
confined in major bedding planes between dense, thick sheets of rock may be led to great depths before
cross-joints permit lateral movement (IT 2001). :

Faults often act hydrogeologically like major joints. Because of their vertical and lateral continuity,
faults can be an important feature in orientation of water flow in both the vadose and phreatic zones.
However, many faults become barriers to groundwater flow because they are highly compressed or filled
with secondary calcite (Ford et. al. 1990). : :

‘Because of the effects of fissuring and differential solution, permeability in bedrock may be greater in
" some directions than in others and in certain preferred stratigraphic horizons. In karst aquifers,
dissolution features, and preferred fissuring patterns can override topographic control of groundwater
flow on a local scale and cause anisotropic type of flow conditions. For example, trunk conduits (large
dissolution voids) with a given karst system can act as the local discharge focus for tributaries, thereby
causing local flow directions to diverge from a general trend associated with local topographic relief.
Between adjacent karst systems in the same karst region, competitive advantage stemming from different
geomorphic histories and allogenic (generated from elsewhere, usually at a distant place) inputs may also
be significant in determining basin shape and dramage orientation (IT 2001).
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The groundwater table in most karst regions is highly irregular and discontinuous, due to the great
variation in the characteristics of the underground openings. Within most karst aquifers, conduits tend to
form a branching system in which tributaries join to form larger passages with larger discharge. Water
may stand at different elevations in nearby wells, and dry or poorly productive wells may occur in the
same area as successful wells (Palmer 1990). Because of these and other complexities apparent in karst
aquifers, some researchers deny the existence of a karst water table. However, perched zones and water
table irregularities apparent in karst aquifers are also observed in other aquifer types. These irregularities
are more pronounced and on a larger scale in soluble rock than in other materials. Therefore, the water
table concept can be valid for karst regions, if applied regionally rather than on the scale of 1nd1v1dua1
solution conduits or wells (Palmer 1990) and using wells completed to the same depth '

3.9 RFAAP HYDROGEOLOGY

Comprehensive detailed conceptual models for the hydrogeology of RFAAP are currently lacking. Most
investigations in the MMA have focused on individual SWMUs; Kkarst investigations (dye-tracing testing,
etc.) have focused on the SWMU 17 area. An initial conceptual model of the hydrogeology of the HSA
has been developed by IT in the HSA Current Conditions report (IT 2001).

- '3.9.1 Alluvium Water Table

This water table occurs primarily within the flood plain areas adjacent to the NeW River. In these areas,
groundwater flow may occur within alluvium present above bedrock. A water table within alluvium has
been identified both in the MMA (SWMUs 8, 10, 35, 36, 43, and 45) and HSA (SWMUs 13, 31, and 54).

- Investigations by Dames & Moore (1992), Parsons (1996), and IT (2001) indicate that the water table
surface within flood plain alluvium is at a relatively shallow depth of 15 to 25 feet at an elevation similar
to the New River. In general, the observed saturated thickness of this water table ranges from
featheredge to several feet (Dames & Moore 1992). Unconsolidated sediments generally fine upward
and may include basal river jack deposits consisting of sand, gravel and cobbles. Groundwater flow

~ within the alluvium water table is toward the New River.

Permeability testing of flood plain alluvium sediments (coarse grained) in area of SWMUs 10 and 35
indicated intrinsic permeability values in the range of 1.7 x 10™ to 2.2 x 10” centimeters per second
(cm/sec) (Dames & Moore 1992). Slug testing conducted at the same locations yielded similar hydraulic
conductivity results. Hydraulic data specific to the alluvial aquifer are lacking at other locations at
- RFAAP because monitoring wells are screened across the unconsolidated sediment/bedrock interface.
Upland sediments (terrace deposits) at RFAAP may also contain groundwater, which is generally
locallzed or in discontinuous perched zones.

3.9.2 Bedrock Aquifer

Hydrogeological conditions of the bedrock aquifer at RFAAP are complex because of (1) the intense
structural deformation of the bedrock units and (2) the karst nature of the aquifer contained within
limestone and dolostones underlying the Facility.

Groundwater within carbonate bedrock may be found within the epikarst zone (where present) and in
underlying bedrock within fissures, bedding planes, and karst conduits. Fissures and bedding planes can
become enlarged overtime through dissolution of the carbonate rock.
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Geologic mapping and photolineament studies at RFAAP have shown that there is a significant potential
for movement of water through solution features such sinkholes and for preferential movement of water
with karst conduits and along fractures or faults.

Within RFAAP, sinkholes and photolineaments associated with sinkhole development are areas for
groundwater recharge (see Figure 3-8). These sinkholes are the result of solutional widening of fractures
or fissures with the underlying carbonate bedrock. These photolineaments can. be zones of high
secondary porosity due to fissured and solutionally enhanced carbonate rock, and therefore, sinkholes can
form along these aligned structures.

Specific investigations of groundwater movement through these types of features at RFAAP have been

limited to investigations associated with SWMU 17 in the MMA. Within other areas of RFAAP,
monitoring wells were originally placed to sample groundwater and positioning is biased towards
SWMUs to detect releases from these SWMUs. Significant spatial data gaps therefore exist in the
groundwater elevation data. Thus, it is difficult to assess regional and local gradient characteristics and
specific pathways of groundwater movement, especially in the highly deformed and karstic bedrock.

Groundwater levels in the bedrock aquifer at RFAAP can be responsive to heavy precipitation within a
short time (less than 24 hours) and may rise several feet. This situation demonstrates that the karst
aquifer underlying RFAAP can be characterized by conduit flow and illustrates the direct connection
between the groundwater and surface water that could impact the quality of groundwater for domestic
use. This rapid response occurs in many areas of RFAAP, especially in areas where surface water
infiltrates through sinkholes (Parsons 1996).

Water levels from 91 monitoring wells throughout RFAAP were measured during the first quarter of
1995. Parsons Engineering Science (Parsons 1996) used these data to develop a facility-wide map of
groundwater gradient. This map indicated a groundwater gradient toward the New River and away from
areas of higher elevation. Some wells at the Facility displayed unusually shallow or deep water levels
compared with other nearby wells. Parsons Engineering Science (Parsons) hypothesized that these
differences may be the result of intercepted perched groundwater zones or influence by karst features,
such as sinkholes or conduits, which exert a strong local influence and are not reflective of the overall
~ unconfined water table. The map and resulting interpretations developed by Parsons may be misleading
because they used data from wells installed in various monitoring zones and depths (shallow alluvial,
deep alluvial, and bedrock wells). Spatial gaps in monitoring points at the Facility also make it difficult
to accurately characterize groundwater gradients (and flow paths) on a facility-wide scale.

Parsons conducted hydrogeological investigations at SWMU 17 in the MMA, which is situated in two
large sinkholes. The intent of these investigations was to characterize the effect of structural and solution
- features in bedrock on groundwater flow. Monitoring wells installed by Parsons Engineering Science
were designed to intercept the “regional water table” associated with the New River. Parsons conducted
a dye-trace study through dye placement into two 1nJ ection wells located in cach sinkhole associated with
SWMU 17. : :

The Parsons dye-trace study indicated that a sprmg (SPG 3), whlch discharges directly to the New Rlver
~ .is hydraulically connected to the sinkhole in which SWMU 17 occupies. Dye placed in this sinkhole
traveled 4,800 feet to the spring in approximately 24 hours. The flow path identified by the dye trace
closely parallels a west-northwest to east-southeast trending fracture trace. This fracture can be extended
to connect both the dye injection point and the dye resurgence point. Parsons concluded that, these
conditions suggested that a direct conduit exists between SWMU 17 and SPG 3, which was likely caused
by solution opening along a subsurface fracture. Under low flow conditions, estimates of the travel time
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of groundwater flow calculated by Parsons for this conduit ranged from 2,905 to 3,716 feet per day.
Under high flow conditions, the travel time estimated by Parsons was approximately 4,800 feet per day
(Parsons 1996). v

_ Groundwater conditions in the HSA have been characterized in the Current Conditions Report (IT 2001)

using previously installed monitoring wells. This current conditions report will be updated periodically -

- and continue to be a primary resource for describing groundwater conditions in the HSA and RFAAP.

It is not completely understood how the Pulaski Fault affects groundwater movement at the Facility. The

fault is not a simple planar feature, but rather a zone of regional deformation. At some areas, the location
of the fault surface can be identified by the presence of lithologic unconformities. However, at RFAAP

- and most other localities, the proximity of the fault surface is generally indicated by the abundance of the

Max Meadows tectonic breccia. This breccia displays distinct weathering characteristics that appear to
be the result of intergranular dissolution. The breccia develops extensive solution cavities, which can
allow for rapid conduit flow of the groundwater.

3.93 Springs

Parsons (1996) and IT (2001) have conducted spring surveys along the New River at the MMA in
conjunction with hydrogeological studies of SWMU 17 and the HSA, respectively. IT conducted the
more thorough survey, which included a thermal flyover survey and field survey. The IT field survey
included the identification of spring locations, measurement of water quality parameters at the springs
and the New River, and measurement of sprmg flow rates.

Figure 3-11 shows the locations of the springs identified in the MMA. IT identified 34 springs in the
HSA, with 33 of the springs located along the New River. The other spring is located at HWMU 16.
Most of the springs found are grouped together in one of three areas on the north side of the HSA, along
the New River. Fifteen other springs have been identified along the opposite side of the New River from

- the HSA in the main plant area.

The 15 springs identified on the New River’s southern shoreline, opposite the HSA, are located between
the railroad bridge and Water Intake No. 1. Some of these springs were identified by Parsons (ES 1994).
Three offsite springs were found offsite during the IT survey. Spring S152 is located across the New

River near the northeast corner of the HSA. Springs S101 and S149 are located downstream of the
RFAAP property line boundary (IT 2001).

Most of the springs at RFAAP are near the water level of the New River, especially during low flow
periods, making them difficult to find other than during low river stage. Statistical analysis of water
quality measurements at the New River and identified springs yielded the following mean values:

River Locations:
e pH-6.93;

e Specific conductance — 131 microsiemens per centimeter (LS/cm);

¢ Dissolved oXygen — 10.03 milligrams per liter (mg/L); and

e Temperature — varies depending on the season.
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Spring Locations:

e pH-6.67;

¢ Conductivity — 437 uS/cm;

¢ Dissolved oxygen —5.01 mg/L; and

¢ Temperature — varies depending on the season (IT 2001).

Higher dissolved oxygen values in the river are caused by the aeration in the swift currents. Specific
conductance of the springs was higher than river because of the dissolution of carbonate minerals caused
by water migrating through the bedrock (IT 2001). Very few large-flow springs were identified in the IT
survey. Ten springs had estimated flows greater than 20 gallons per minute of the springs; the remaining
springs had lower rates, with many of these springs identified as seepage areas with rates-of flow too low
to measure (IT 2001).

The springs at RFAAP represent discrete local groundwater discharge points from the carbonate bedrock
aquifer. These springs are interpreted to be associated with the complex tectonic history of the RFAAP
area. Fracture traces were mapped at the downstream property line and at Water Intake No. 2 (see Figure
3-8). The area between the Railroad Bridge and Water Intake No. 1 is bounded between two faults. The
downstream property line spring cluster at RFAAP and the cluster of spring down slope of SWMU 31 are
interpreted to be associated with thrust fauting and associated structural complexities. Similarly, the
spring cluster down slope of SWMU 39 is associated with structural complexities, with strike and dip
measurements indicating a series of alternating synclines and anticlines in this area. Faulting was
observed on the other side of the river, but was not traceable to the HSA side of the river (IT 2001).

The many fractures in the highly deformed bedrock rock also influence groundwater flow at RFAAP.
These fractures provide diffuse paths for water to migrate through, instead of discrete discharge through
springs. This fracture system may be acting as an enhanced slow-flow (diffuse) system where water is
migrating through the many fractures, recharging the river below the river levels (IT 2001).

3.10 SURFACE WATER HYDROLOGY

The New River is the most significant surface water feature within RFAAP. The Facility is built within
and adjacent to a prominent meander loop of this river. Within RFAAP, the river width varies from 200
to 1,000 feet, but averages approximately 400 feet. The river flow varies due to water management at
Claytor Dam, approximately nine miles upgradient (south) from RFAAP. Downstream from the Claytor
Dam, typical flows of the New River range between 3,200 and 8,000 million gallons per day (MGD).
During typical flow conditions, the depth is approximately four to six feet; however, pools may be ten
feet deep. There are 13 miles of river shoreline within the RFAAP boundaries.

Five profiles of the New River were prepared by IT as part of the Current Conditions Report for the
" HSA. The river profile measurements had a wide range of cross-sectional areas, velocities, and depths
throughout the HSA. The width of the river ranged from 425 to 725 feet. The average velocity for the
profiles ranged from 0.6 to 3.7 feet per second. The average flow through a cross-sectional area ranged
from 1,460 to 3,970 cubic feet per second (IT 2001).
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Consistent with a karst setting, the results of the profiling suggested that the New River bed appears to be
both a losing and gaining river along different reaches of the river. IT indicated that additional
investigations and analysis will be required to confirm this hypothesis.

The headwaters of the New River are in northwestern North Carolina, near the Tennessee state border.
In the RFAAP area, the New River flows northwesterly cutting cliffs through the bedrock. The path of
the New River, which is generally perpendicular to the ridgelines of the Valley and Ridge province,
indicates that the river existed prior to the Paleozoic folding of these rocks. In some areas, this river has
eroded 4,000 feet of rock. During the Paleozoic, the erosion rate of the river was higher than the uplift
rate of the rocks. This produced the entrenched river channel present today. The New River may be the
oldest river in North America, estimated to be 350 million years old.

Stroubles Creek is the largest local tributary of the New River and flows through the southeast sector of
RFAAP. Several branches that originate on and off the Facility feed this creek. Flow within Stroubles
Creek and its tributaries consist primarily of storm water runoff. Groundwater discharging from the karst
bedrock may also supply significant stream flow. Manmade, surface drainage ways at RFAAP also
influence local drainage. The direction of surface drainage flow within RFAAP is ultimately toward the
New River. Prior to entering the Facility, branches of Stroubles Creek flow through rural areas and
through the town of Blacksburg.

The Blacksburg Municipal Wastewater Treatment Plant discharges approximately 5.4 MGD of
wastewater into the New River upstream of where Stroubles Creek empties into the river (Blacksburg
Municipal Wastewater Treatment Plant, February 2002). Industrial and domestic wastewater is
discharged into the New River from Peppers Ferry Wastewater Treatment Plant (PFWWTP). This
discharge is located within RFAAP. Currently this plant discharges approximately 4.5 MGD of water
into the New River (PFWWTP, February 2002). RFAAP operates under Virginia Pollutant Discharge
Elimination System (VPDES) permit number VA0000248, and discharges approximately 19 MGD into
the New River. The effluent consists of various treated process water, wash water, cooling water, runoff,
sanitary wastewater, and storm water.

Water used at RFAAP is taken from the New River. Separate water systems are provided for the MMA
and the HSA. Intake No. | is located approximately two miles upstream of the mouth of Stroubles
Creek. Intake No. 2 is located approximately six miles downstream of the mouth of Stroubles Creek.
Upstream of RFAAP, the New River serves as a source of drinking water for the towns of Blacksburg
and Christiansburg.

3.11 ECOLOGY

The Virginia Department of Game and Inland Fisheries (1999) conducted the most recent Installation-
wide biological survey at RFAAP. Major objectives of this survey were to sample flora and fauna,
identify and delineate the major habit community types, and provide management recommendations for
both community types and threat-endangered or species of concern.

Eight community types were identified at RFAAP:

e Bottomland Forest;

o Calcareous Forest;

o (Cliffs;
e Grasslands;
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e Oak Forest;
¢ Pine Plantation;
e Successional Forest; and

e Water.

Endangered plants or animals were not observed at RFAAP during the biological survey. Five state-
listed rare plants were observed at RFAAP during the survey: Clematis coattails, Cystoptris
tennesseensis, Hasteola suaveolens, Sagittaria rigida, and Eleocharis intermedia. State-threatened
animals located at RFAAP include the invertebrate Speyeria idalia and the birds Ammodramus henslowii
and Lanius ludovicianus.

An earlier comprehensive inventory of the mammals, birds, reptiles, aquatic invertebrates, trees, and
plants found on the Installation, and of fish inhabiting the New River where it flows through the
Installation, was conducted in 1976 during the RFAAP installation assessment (USATHAMA 1976).
Information from that assessment was summarized in previous documents (Dames & Moore 1992).

Many of the reptiles, mammals, and birds listed in the assessment (USATHAMA 1976) are believed to
breed on the Installation (Personal Communication with T. Thompson RFAAP Conservation Specialist
1995). However, indications are that some species, including ruffed grouse and upland plovers, have
decreased in number or have disappeared from RFAAP. Foxes, which were once trapped to prevent
rabies outbreaks (the last trapping program for foxes was conducted in 1966), were reintroduced to
RFAAP as a control for groundhogs. Deer are common at RFAAP and bow hunting has been allowed at -
the Facility since 1991. Migratory waterfowl are found throughout the spring and winter near the New
River because the Installation is on the Atlantic Flyway. Federally protected black vultures are present at
RFAAP during certain times of the year. Between 1,500 and 3,000 of the migratory birds nest in thickets
on the Facility (Washington Post 1995). Public fishing occurs in the New River where it flows through
RFAAP.

The Virginia Department of Game and Inland Fisheries have identified the following flora and fauna as
endangered or threatened for Pulaski and Montgomery Counties:

. o Plant species - six endangered, three threatened;

e Mollusk speéies - one endangered, one threatened;
e Insect species - one endangered, four threatened;

e Bird species - three endangered; and

e The locally endangered mountain lion.

In addition, a fish, salamander, four bird species, and the river otter are identified as species of concern in
the two counties in which RFAAP is located.

According to the RFAAP Installation Assessment (USATHAMA 1976), timber harvesting occurred at
RFAAP in the past. The most recent harvest was conducted in 2002. Tree species at RFAAP include the
short leaf pine, loblolly pine, eastern white pine, yellow poplar, and black walnut.
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4.0 SITE INVESTIGATION PLANNING

4.1 OBJECTIVE

Site investigation planning is performed to ensure investigation objectives are adequately addressed and
task activities are performed accurately and completely. Routine activities are to be performed in
accordance with MWP specifications, unless directed otherwise by RFAAP. The approaches for
addressing site-specific investigations are to be included in WPA.

4.2 WORK PLAN ADDENDA

Project activities are to be executed in a manner commensurate with achieving project objectives as
delineated by the RFAAP in site-specific delivery orders. Demonstration of effective cost, quality, and
timeliness control is affected through the use of established requirements and specifications associated
with definable features of work. The WPA is a tool that provides the mechanism for executing project
activities for each definable feature of work.

This section provides the minimum addenda requiremen’és hecessary to ensure the quality and safety of
work activities. Primary emphasis is given to the execution of project activities, quality control and
quality assurance, and health and safety of contractors and subcontractors.

4.2.1 RFAAP Master Plans and Addenda

Project activities are governed by the RFAAP Master Plans, which specify the requirements for routine
field investigation activities, quality control/assurance protocols, and health and safety. Because these
documents contain specifications for standardized activities that have been approved for Facility use,
repetition of standardized information is not required in addenda.

For example, the Installation description and environmental setting are contained in the RFAAP MWP.

Because this information has been approved and is not subject to significant changes, it is not necessary

to include it insite-specific addenda. Cost and quality benefits realized by the Installation through the

use of this strategy include: (1) reduction in costs associated with WP development; (2) expedited review

process resulting in faster deployment; (3) focused site-specific plans; and (4) technical variance control
- through the standardization of routine activities.

4.2.2 Addenda Development

WPA are typically developed within 30 days of contract award. Contractors should coordinate with the
Installation to ensure the following information has been provided:

e RFAAP IAP (or applicable section) - provides characterization profiles for site-description;

.. o RFAAP Master Work Plan (or apphcable sections) - contains SOPs for routine 1nvest1gat1ve .
activities; _

o RFAAP Master QAP - contains the control activities required to verify the accuracy of project
activities; and '

e RFAAP Masfer HSP - contains Installation health and safety requirements including specific
Installation health and safety requirements for contractors.
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4.2.2.1 Organization

Addenda are to contain three primary sections: WP, QAP, and HSP. Sections 4.2.3, 4.2.4, and 425
provide guidance on individual sectlon requlrements

Table 4-1 provides a comparison between thc content to be generally included in the WP section of the
WPA and the standard elements included in the MWP. Table 4-2 provides a comparison between the
content to be generally included in the QAP section of the WPA and the standard elements included in
the Master QAP. Table 4-3 provides a comparison between the content to be generally included in the
health and safety section of the WPA and the standard elements included in the Master HSP.

4 2.2.2 Revnew Schedule

Generally draft and final addenda will be developed, approved, and distributed in accordance with
Installation requirements. Revisions to draft addenda are to be submitted with a written response to
comments to facilitate Installation review of revised text.

4.2.3 'WPA Section I: Work Plan _ _
This section of the WPA will generally include the following subsections:

¢ Introduction;
e Description of Current Conditions; and

¢ Field Investigation Progfam.

4.2.3.1 Introduction

This subsection of WPA will generally inc.:lude the following elements:

¢ Introduction;

e Objectives and scope of pfoject; | | | | )
] Pu_Ipose of WPA and relationship_ ;to MWP, with a tabular summary;

. Orgapization of the WPA; |

. | Elements of the investigation program; and .

) Dot:umentation forms for WPA revisions and worker acknowledgement.

August 2003 4-2 ' Radford Army Ammunition Plant
' Master Work Plan



: Table 4-1
Comparison of RFAAP Work Plan Addenda
Section 1 Work Plan with Master Work Plan (Volume I)
RCRA Facility Investigation Master Work Plan
. Radford Army Ammunition Plan, Radford, Virginia

Purpose of WPA/relationship to MWP
Site specific objectives/scope of work . .
Introduction 1 Organization of WPA 1,4 : g:m::azgﬂwﬁmmmp to WPA
Elements of site investigation £a
Documentation for changes to MWP
Description of Site description, history, and environmental setting - Installation description, history, and operations
escmr;e::tn ° 2 Description of nature and extent of contamination. 23 - Installation environmental setting
Conditions Conceptual site model ’ - SWMU and AOC listing for installation
Data gap analysis
Overview of site investigation
Description of site-specific field activities L. . o
Identification of field methods and specifications 5678 - g:z:pggz g? routine g:}g B cedures
Field 3, Reference MWP/SOPs for routine methods/specifications P P £ routi . /p ficati
Investigation Aop. A Sampling strategy/rationale and - Descr!pqon of routine requlremer'lts 'specifications
PP- A . . . App. A - Description of methodology for risk assessments
Program (SOPs) Sample identification, media, location, and depth SO . fori L I
Chemical and physical testing program (S0ps) - Entry rlo;qulrements or installation investigations
Plans/specifications for non-routine activities - All SOPs
SOPs from MWP pertaining to site investigation
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Table 4-2
Comparlson of RFAAP Work Plan Addenda
.Section 2 Quality Assurance Plan with Master Quality Assurance Plan (Volume II)
RCRA Facility Investigation Master Work Plan
Radford Army Ammunition Plan, Radford, Virginia

- Purpose of QAP addenda/relanonshlp to Master QAP 1 (Master

Introduction 1 . - Organization of QAP addenda QAP), 4 : gl:r];ﬁ:;:;rasft; Q;Pgi;nonshlp to WPA
- Distribution list (MWP) g ot Mas
. : I . - General descriptions of project personnel
Project : - Identification of key project personnel - Template for p‘:'ojec t orgpa nijzatic?nal chast
Organization and 2 - Project organizational chart 2 - Lines of authori '
Responsibilities - Identification of key points of contact B Informatiolil re:l?; red for project key points of contact
. ’ N s - Overview of project data quality objectives
Quality i} Pro_!ect spect fic data quality objectives - Description/specifications for chemical data measurements
Assurance 3 - Project specific regulatory levels of concemn 3 - General types of regulatory levels of
Objectives - Project specific to-be-considered regulatory guidance yp gulatory ot concetn

General types of to-be-considered regulatory guidance
General discussion of sample containers and preservation

Sample | - Sample container, preservation, and holding time S - General discussion of holding time

4 requirements . . . .
Management . . . . . - General requirements for sample identification
- Site specific nomenclature for sample identification - Documentation requirements and chain of custody
_ . _ . - Description of field testing and screening
- Analytical 5 - Specification of analytical methods and procedures _ 6 - General discussion of selecting analytical methods
Procedures - Specifications for non-routine/specialized testing - General discussion of LOD, MDL, SQL, LOQ, and RL
: ' : - Identification of physical testing and methods
- Specification of method quality objectives : .. . o
Internal Quality 6 - Site specific nomenclature for sample identification '3 i} ;;?:rggr:agﬁxggmremenw and certification
Control Checks . - Any amendments to Field Quality Control program specified ) - Field QC sample elements with roquired frequency/criteria
. in Master QAP .
- Rounding rules
Data Reduction, . - Reporting units for solid/aqueous samples - Data reduction and validation requirements/specifications
Validation, 7 - Specification of MDLs and RLs for solid/aqueous 12 - Blank contamination assessment requirements
Reporting, and samples - Reporting requirements and specifications
Management - Any amendments to MWP reportmg requirements - Documentation/records requirements and specifications -
- - Data management requirements
Notes:

LOD = Limit of Detection
MDL = Method Detection Limit
' LOQ = Limit of Quantitation
RL = Reporting Limit
SQL = Sample Quantitation Limit
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Introduction

Table 4-3

Comparlson of RFAAP Work Plan Addenda

Section 3 Health and Safety Plan with Master Health and Safety Plan (Volume ]]1)
RCRA Facility Investigation Master Work Plan

Radford Army Ammunition Plan, Radford, Virginia

Purpose of HSP addenda/relationship to Master
HSP

Organization of HSP addenda

Safety statement for contractor

Objective and scope

Purpose of Master HSP/relationship to WPA
Organization of Master HSP

Site safety and health documentation

Hazard information for installation and site

Chemical toxicity hazards at RFAAP

Training Plan - Project specific hazardous analysis 3,4 ) Physncgl hazards at RFAAP
. .. N - Biological hazards at RFAAP
- Required training for site work . )
- Training requirements and procedures
Persoqal Protective - Identification of site-specific PPE requirements - Overview of PPEi requirements
Equipment and . - Levels of protection
. - Amended personnel decontamination 7 . .
Clothing (PPE) and requirements. as appropriate - Protocols for changing levels of protection
Decontamination “q » as approp - Respirator selection and fit test
- Identification of required monitoring
instrument(s) - Discussion of monitoring instruments
- Instrument calibration requirements - Types of monitoring
Monitoring Plan - Action levels for monitoring and corresponding 9 - General action level requirements o
actions - List of chemical compounds of concern and properties
- Confined space entry and control requirements, as - Calibration and maintenance of monitoring equipment
appropriate
- Pre-emergency planning
: : - Emergency response responsibilities
Emergency Response - Contact information for the contractor (office and 10 - Emergency training, site control, and security
Plan field) - Emergency phone numbers, contacts, and medical facilities
- Onsite emergency equipment
- Contingency plan
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4.2.3.2 Description of Current Conditions

This subsection of WPA will generally include the following elements:

~ Site background' - description, history, and environmental setting with appropriate figures and tables;

Description of the nature and extent of contamination from previous site-specific investigations;
Conceptual site model; and

Data gap analysis.

4.2.3.3 Field Investigation Program

Site-specific activities are to be described in terms of the specific investigation to be conducted.
Reference to the RFAAP MWP is acceptable for routine activities that are to be performed in accordance
with WP specifications. Variances to specifications are to be documented in WPA and approved by the
Installation prior to commencement of on-site activities. : '

This subsection of WPA will generally include the following elements:

Overview of field investigation program and components;

Description’ of field investigation activities and identification of field methods and speciﬁcaﬁons with
reference to the MWP and SOPs;

Sampling strategy/rationale;

Sample idenﬁﬁcaﬁoh, media, location, and depth;
Chemical and physical testing program;
Supporting figures and tables, as appropriate; ;lnd

Plans and‘ specifications for non-routine field activities not discussed in the MWP and SOPs.

~ 42.4 WPA Section Il: Quality Assurance Plan

This section of the WPA will generally include the following subsections:

Introductlon,
Project Organization and Responsibilities;

Quality Assurance Objectives;

‘Sample Management;

‘ Analytical Procedures;

Internal Quality Control Checks; and
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¢ Data Reduction, Validation, Reporting, and Management.

4.2.4.1 Introduction

This subsection of WPA will generally include the following elements:

e Introduction;

o _ Purpose of QAP addenda and relationship to Master QAP with a tabular summary;

¢ Organization of the document; and

e Distribution list for WPA.

4.2.4.2 Project Organization and Responsibilities

This subsection of WPA will generally include the following elements:

o Identification of key project personnel with a brief summary of qualifications;
e Project organizational chart; and

o Identification of key pointé of contact including project subcontractors.

4.2.4.3 Quality Assurance Objectives

This subsection of WPA will generally include the following elements:

e Project data quality objectives, including problem statement, identification of decision/study question,
decision inputs, study boundaries, decision rules, acceptable decision error limits, and optimal data
design; and : :

e Identification of regulatory levels of concern and to-be-considered regulatory guidance for soil;
sediment, surface water, and groundwater at the site, as applicable.

4.2.4.4 Sample Management
This subsection of WPA will generally include the following elements: -

e Requirements for sample containers, preservation, and holding times in tabular format; and

e Site-specific nomenclature for sample identification.
4.2.4.5 Analytical Procedures
This subsection of WPA will generally include the following elements:

e . Specification of analytical methdds and procedures; and

~ e For non-routine, specialized analytical methods, associated method detection limit studies and/or
method validation studies will be appended to WPA.

4.2.4.6 Internal Quality Control Checks

This subsection of the WPA will include the following elements:
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¢ Method quality objectives (MQO); and

¢  Project-specific amendments to the field QC elements spec1ﬁed in Volume II, Section 8.3 of the MWP
as appropriate.

4.2.4.7 Data Reduction, Validatibn, Reporting, and Management
This subsection of the WPA will include the following elements:

¢ Reporting units for solid and aqueous samples;

e Specification of method detection limits and reporting limits for solid and aqueous samples in tabular
- format; and '

¢ Project-specific amendments to the reporting requlrements 1dent1ﬁed in Volume II, Section 9.7 of the
MWP, as appropriate.

4.2.5 WPA Section III: Health and Safety
This section of the WPA will generally include the following subsections:

¢ Introduction;
e Training Plan;
. Personal Protective Equipment and Clothing and Decoﬁtaminétion;
¢  Monitoring Plan; | |
¢ Emergency Response Plan; and
K Conﬁnéd Space (as applicable).

4.2.5.1 Introduction

This subsection of WPA will generally include the following elements:
‘o Purpose of QAP addehda and relationship to Master QAP with a tabular summary; and

e Safety Statement - specifies the contractor’s intent in regards to health and safety.
4.2.5.2 Training Plan

This subsection of WPA will generally mclude the following elements:
. Overv1ew of training plan;
. "Haza.rd information training as related to RFAAP and the site bemg mvest1gated

. PrOJcct-spemﬁc hazardous analysis: identification of physical, biological, and chermcal hazards, with
- reference to Volume III of the MWP; :

¢ Hearing and conservation training;
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¢ Hazard communication training; and
¢ Confined space entry training and pia.n, as applicable.

4.2.5.3 Protective Equipment and Clothilig and Decontamination

This subsection of WPA will identify PPE requirements for the site investigation, with reference to
Volume III, Section 7.0 of the MWP, as appropriate. Amended personnel decontamination requirements
to those specified in Volume III, Section 8.0 of the MWP is described in this subsection.

4.2.5.4 Monitoring Plan

This subsection’ of WPA will identify for a site-specific investigation the required monitoring
instrument(s), calibration requirements, action levels, and corresponding actions, if an action level is
exceeded.

4.2.5.5 Emergency Response Plan ,

This subsection of WPA will provide contact information (office and field) for the contractor conducting
the field investigation. Other appropriate contact information is included in Volume III, Section 10 of the
MWP. : ' '

43  DOCUMENTATION

Documentation requirements for site-specific investigations are provided in:

¢  Volume II, Section 5.0 of the MWP;

e SOP Series 10.0 (Documentation) included in Appendix A; and

e SOP Series 20.0 (Subsurface Investigation) included in Appendix A.

44 STANDARD OPERATING PROCEDURES

SOPs are included in Appendix A. These SOPs are designed to ensure that routine investigation
activities at RFAAP are performed consistently using U.S. Army Corps of Engineers (USACE) and
RFAAP approved specifications. In general, the following sources of information have been used to
develop the SOPs and as reference in the MWP: '

USACE Engineer Manuals;

USEPA methods and guidelines;

Standards developed by the American Society for Testing and Materials (ASTM); and

Other industry standards.

SOPs included in Appendix A are listed in Table 44 by their associated classification series.

Modifications to SOPs will be approved by RFAAP prior to implementation. Required site investigation
procedures that are not included in the most current SOP listing will be included in WPA.
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: |5 0 SITE INVESTIGATION PROGRAM |

The purpose of the site investigation is: to identify sources and extent of contamination, pathways of -
~ contaminant migration, and potential remedial activities. Sampling locations will be selected in

accordance with the Corrective Action Permit and applicable regulations. Locations will also be selected

to provide representative samples of groundwater, surface water, soils, wastes, and sediments for use in
_ identifying areas of concern. The following discussion outlines the rationale and procedures to be utilized
during site investigation activities at RFAAP.

Site-specific chemicals of concern (COCs) will be identified from the site history, results of previous
Investigations, and permit requirements. Previous chemicals of concern have included semi-volatile

~ organic compounds (SVOCs), volatile organic compounds (VOCs), explosives, and metals. COCs will
establish health and safety concerns for investigation activities, and will govern the type and number of
containers for each media.

Health and Safety requirements for work to be performed at RFAAP are outlined in the RFAAP Master
HSP and in the Safety, Security and Environmental Rules for Contractors and Subcontractors (ATK
2000). Addenda to the MWP will provide site-specific health and safety requirements per scope of work

- based on the RFAAP Master HSP. The contents of the REFAAP Master HSP will be enforced by the Site
Health and Safety Officer (SHSO) at the task level and by the Project Health and Safety Officer at the
project level.

5.1 SAMPLE MANAGEMENT

The following sections address pre- samplmg and post-sampling protocol related to COCs, contamers _
sample labels, sample documentatlon and sample packing and shipping.

5.1.1 Containers and Preservation

Sampie container requirements will be specified in WPA for site-specific investigations. Specific
container requirements for samples will be dependent on such project specific elements as the media
sampled; the list of analytes; the method of analysis specified and data quality objectives.

Preservatives will be used for samples, as applicable, to retard hydrolysis of chemical compounds and
complexes, to reduce volatility of constituents, and to retard biological action during transit and storage
prior to laboratory analysis. Sample containers will be pre-preserved. Preservation requirements for
samples collected during site-specific investigations will be specified in WPA.

In addition to chemical preservatives, samples for chemical analysis will be transported to the laboratory
in temperature-controlled coolers. Double-bagged ice will be used to maintain the internal cooler
temperature required for preservation. A temperature blank will be included in each shipping container
to monitor the internal temperature.

5.1.2 Sample Labels

Sample label requirements are included in SOP 50.1 (Appendlx A). Every sample will have a sample
label uniquely identifying the sampling point and analysis parameters. Sample identification information
- will be printed on the label in a legible manner using indelible ink. Field identification information will
be sufficient to enable cross-reference with the field notebook. The sample label will contain the
following:
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o . Project nafne;

. Sample identification ﬁuml;er;

. Date and time;

e Analyses to be performed;

e Preservatives (for water); and

e Initials of the sampler.

The information on the sample label will be double-checked prior to shipment to ﬂle contract laboratory.
The sample label will be covered with clear tape that completely encircles the container 50 the label does

not come off.

5.1.3 Packing and Shipping

Samples will be packed as soon as they are collected, to protect them from breakage during on-site
handling and later during shipping. SOP 50.2 (Appendix A) has been developed to prevent sample
breakage, sample tampering, and to contain the sample in event the of container breakage.

The following procedures will be followed immediately after sample collection:

1. Check cap for ughtness Ensure that clear tape covers the label and encucles the contamer

2. Wrap sample container in bubble wrap or closed cell foam sheets

3. Segregate highly contaminated samples from other samples prior to shlpment This 1ncludes samples
contalmng or potentially containing high concentrations of tracer dye;

4. Enclose each sample in a clear, zip-seal plastic bag; and
5. Place sample containers in a cooler with ice (double-bagged).
The following procedures wili be followed to prepare samples for shipment:

_ 1. Place several layers of bubble wrap on the bottom of the cooler. Line thej cooler with an open
~ garbage bag, and place samples upright inside the garbage bag; ‘ : ‘

2. Double bag and seal loose ice to prevent melting ice from soaking the packing'ma‘terial. Place the
bags of ice inside the garbage bag containing the samples; tie the garbage bag;.

3. Pack shipping containers with packing material (closed-cell foam or bubble wrap). Place this. E
packing material around the sample bottles or metal cans to avoid breakage during shipment; '

4. Eﬁclose sample documentation (chain-o.f-custody forms, etc.) in a waterproof plastic bag and the bag
~at the top of the cooler. If more than one cooler is being used, each cooler W111 have its own
documentation; : 2
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5. Seal the coolers with signed and dated custody seals so that if the cooler were opened, the custody
seal would be broken. Place clear tape over the custody seal to prevent damage to the seal;

6. Tape the cooler shut with packmg tape over the hmges and place tape over the cooler drain; and
7. Ship samples via overnight dehvery on the same day they are collected if possible.

5.2 SUBSURFACE INVESTIGATION

Subsurface investigations will generally involve drilling activities associated with sample collection and
monitoring well installation.

5.2.1 Pre-Drilling Requirements

Necessary approvals for equipment, methods, and materials will be obtained from RFAAP prior to the
arrival of drilling equipment on site. These include but are not limited to the following:

5.2.1.1 Permits

The contractor overseeing drilling operations will be required to obtain the necessary work permits from
RFAAP for site work. Permits that will typically be required during for drilling include an area entry
permit and in certain situations a hot work permit will be required (generally when using generators or
similar equipment).

5.2.1.2 Clearance

- Prior to the commencement of work, underground utilities will be marked out. Clearance of underground
utilities will be arranged through RFAAP personnel. The work area will be delineated by use of a highly
~ visible boundary.

5.2.13 Materials list

* The contractor must submit a list of drilling materials and suppliers to be used on site. The Installation
must approve the drilling materials and suppliers in accordance with approved geotechnical
specifications (see SOP 20.1 in Appendlx A).

5.2.1.4 Source Water Sample

The source of water to be used during drilling activities and/or well installation (e.g., grouting, and
sealing) will be approved by the Installation prior to the execution of site investigations. This water
. source must be certified by laboratory analysis as free of investigation-related contaminants in
accordance with the USACE materials requirements contained in EM 1110-1-4000 (as updated), unless
directed otherwise by the Installation.

5.2.2 General Drilling Reqlurements
The following general requlrements for dnllmg are applicable for site investigations:
e Drilling activities will be performed by a qualified drilling contractor under the direct supervision of a

“site geologist” or equivalently trained personnel. This geologist should be experienced with USACE
field investigations at hazardous, toxic, and radioactive waste (HTRW) sites;

e Site investigation activities will be documented in the field log book(s), as specified in SOPs 10.1 and
-10.2 (Appendix A);
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¢ Soil and rock borings will be logged as specified in SOP 10.3 in (Appendix A);

e Work will be conducted in accordance with WPA HSP developed for slite-speciﬁc investigations
including requirements for using PPE and air monitoring equipment;

e IDM will be managed according to the general requirements spemﬁed in Section 5.13 and SOP 70.1
(Appendix A);

e Sampling and down-hole equipment will be decontaminated as specified in Section 5.12 and SOP 80.1

(Appendix A);

. Soil sampling during drilling will follow those methods outlined in Section 5.2.8 and SOPs 20.11 and
30.1 in Appendix A, unless otherwise specified in WPA; and

e If a well is not to be installed, the boring will be abandoned at the términaﬁon depth as described in
Section 5.2.7 and SOP 20.3 (Appendix A), as appropriate.

5.2.3 Drilling Methods

The objecti\'/e of the selected drilling technique is to ensure that the drilling method provides
representative data while minimizing down-hole contamination, cross-contamination, and drilling costs.
Every effort will be made to avoid drilling procedures that introduce potential for cross contamination

and/or high fluid losses during intrusive activities. The following considerations will be applied to

prevent down-hole contamination:

o If lubﬁcation is needed on the threads or couplings of down hole drilling equipment, it should be
biodegradable and nontoxic. Vegetable oil/shortening or polytetmﬂuoroethylene (PTFE) tape may be
used

e Hydraulic fluids used in drilling equipment shall not contain polychlorinated biphenyls (PCBs);

¢  Fluids (including surface water runoff) will not be permitted to enter open boreholes; and

e The use of antifreeze in drilling equipment should be approved by the Installation prior to its use.

Antifreeze should be used to prevent overnight freezing and not in drilling operation. Antifreeze added
to drilling equipment to prevent overnight freezing would be completely purged prior to the

" equipment’s use in drilling operations. Antifreeze without rust inhibitors and/or sealant may be used.
 The dates, reasons, quantltles and brand names of antifreeze used will be noted on the boring log.

5, 2.3 1. General Cons1derat10ns for Drilling Methods

Drilling methods that are appropriate for boring or monitoring well installation will depend on the
subsurface geology most likely to be encountered in the boring. The geology for each site should be
identified by reviewing previous investigation data (boring data, geophysics, etc.) from the site or nearby
areas. Specific drilling methods that will be used to support site activities will be identified in WPA.
- SOP 20.11 in Appendix A describes dnllmg procedures for the various types of dnllmg methods
discussed in the following sections.

Previous investigations at RFAAP have demonstrated highly variable subsurface conditions in both
unconsolidated overburden and in bedrock, as described in Section 3.7. Controlling factors for the
selection of a drilling method at a particular RFAAP site are generally: '
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"o For unconsolidated material: the presence or absence of significant zones of very coarse and or loose
alluvial materials, which contain cobbles and boulders (river jack); and

¢ For bedrock: the presenée or absence of highly fractured bedrock or bedrock with karst solution
- features. o ’

The following sections describe various types of drilling methods that have been or may be used at
RFAAP. Potential advantages and disadvantages of each method are discussed to assist in the
identification of appropriate drilling methods for site-specific investigations.

5.2.3.2 Hand Auger

Hand augering is generally appropriate for shallow borings and piezometers in unconsolidated sediments.
Hand augering is most effective in clays and sands. The depth of penetration may be limited to S feet, or
shallower if gravel, cobbles, or running sands is encountered. Sampling intervals will be described in
site-specific WPA and will be commensurate with investigation objectives.

5.2.3.3 Direct Push ‘
Direct push methods may be used in unconsolidated materials to obtain soil and/or groundwater samples
from the subsurface with or without the assistance of other drilling methods. Direct push methods
usually advance smaller diameter devices into the subsurface to collect media samples.

SOP 20'.1 1 in Appendix A describes procedures for drilling with direct push methods.

Advantages of direct push drilling include:

e The ability to drill without the addition of fluids to the subsurface;

¢ A reduction in the volume of IDM generated through drilling because drill cuttings are not returned to
the surface; .

o Less site restorafion necessary compared with other methods;

. Relativel_y fapid dn'lliﬂg is possible;

¢ Discrete zones of groundwater may be sample(i;

e A .va.n'ety of sampling devices.may be used to collect soil and groundwatér samples; and |
e An ability to be used with core penetrometer Systéms. :

Disadvantages of direct push drilling include:

e Limited ability to drill through difficult subsurface conditions and areas with debris unless high-
powered sonic drilling equipment or similar techniques are used;

¢ Inability to penetrate bedrock; and

¢ Groundwater samples are typically considered screening level data.
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5.2.3.4 Hollow Stem Auger

The dry, hollow-stem auger method is appropriate and preferred for drilling soil borings, monitoring
wells, and piezometers in unconsolidated materials. Advantages of hollow-stem auger drilling include:

e The ability to drill without the éddjtion of fluids to the subsurface; and -

e Providing a stable borehole for collecting intact soil samples and installing momtormg wells (ASTM
2000k).

Disadvantages of this drilling method include:

e The difficulty in penetrating zones of cobbles and boulders, such as the river jack observed in alluvial
_strata at RFAAP; and

e Inability to penetrate bedrock (ASTM 2000k). -

SOP 20.11 in Appendix A describes procedures for drilling with hollow-stem augers.

5.2.3.5 Direct Air Rotary _ _

Direct rotary drilling with air (air rotary) is generally appropriate for drilling in unconsolidated sediment
containing cobbles and boulders, when borehole stability is adequate for installation of a casing. It is
also appropriate for drilling in consolidated and disrupted bedrock. Air rotary drilling may be used when
borings are advanced into bedrock and has been frequently used at RFAAP S1tes where karst conditions
exist. Advantages of thls method include:

e Allows for stratigraphic characterization and identification of water bearing zones;

e Relatively rapid penetration of consolidated materials;

e  The ability to drill without the addition of fluids to the subsurface; and

~ e The ability to be used where materials to be penetrated are sensitive to water, such as collapmble soils
and/or rock (ASTM 1995a)

Disadvantages of air rotary include:

e The required use of a casing when borehole integrity is poor. In some cases, casing installation may be
difficult for borings penetrating zones of unstable river jack;

‘e Inability to collect intact sampl_es.of rock without switching to another drilling method;
. Potenﬁal volatilization of contaminants; and

e  Generation of air borne duét (ASTM 1995a). | |

Bedrock encountefed at RFAAP may include competent, disrupted, or caviﬁzed limestone of the Elbrook

- Formation. A rollercone bit is preferred. When bedrock is too hard for a roller-cone bit, an air hammer
will be used. If oil is used in the air stream to lubricate, it will be 100% natural and biodegradable.
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An air line oil filter will be used during drilling. The filter will be changed per manufacturer’s
specifications during operation with a record kept (on the boring log) of this maintenance. No additive
except approved water will be used for dust control and cuttings removal. Temporary casing may be
- required to stabilize the borehole walls

“WPA specifying air rotary methods W111 include:

L Spec1ﬁcat10ns for the type of air compressor and lubricating oil to be used. A pint samplc of each type

~ of oil will be retained by the contractor, along with a record of oil loss (on the boring log), for

evaluation in the event of future problems. The oil samplc(s) may be disposed of upon contract/task
completion; and

¢ Details for the use of down hole hammer/bit with emphasis upon those procedures to be followed to
preclude residual groundwater sample contamination caused by the lubrication of the down hole
equipment.

-SOP 20.11 in Appendix A describes procedures for drilling with direct air rotary.
'5.23.6 Direct Water Rotary -

Direct rotary with water-based fluids (water rotary) is appropriate for drilling in unconsolidated sediment
and hard rock. This method can be used in very coarse, unconsolidated sediments such as river jack
under conditions when air rotary and hollow stem auger drilling methods are not feasible. Another
advantage of water rotary is the ability to core rock and conduct in situ or pore fluid tests. Disadvantages
of water rotary include:

e The introduction of watcr-based ﬂuids into the subsurface;

. Pofential influence of drilling fluid on groundwater sample quality; -
. Increased effort for well development from fluid loss and well cake;
¢ Difficulty in identifying wat& bearing zones; and

e The inability to maintain circulation in certain conditions such as the karst bedrock conditions found in
. certain areas of RFAAP (ASTM 1995b). : :

The appropriate method of water rotary drilling uses materials that are not likely to alter the chemical
character of the penetrated soils or rock. The water used for drilling will be from a supply tested and
~ approved by the Installation prior to field efforts. If necessary, the thickening agent added to the water

will be pure bentonite clay powder. A sample of the bentonite to be used during drilling will be -
submitted to the Installation prior to initiation of field efforts, along with documentation on
manufacturing and origin of the material. Boreholes advanced with water rotary will be initiated without
bentonite. If the formation does not yield sufficient clay to generate the proper fluid viscosity, then
bentonite will be added as necessary. Proper fluid viscosity will ensure borehole stablllty and move
' cuttlngs to ground surface. Approved bentonite will be used for drilling boreholes.

- Portable recirculation tanks should be used for water rotary operations to minimize the potential for
cross-contamination and facilitate restoration of the work area. If sampling is required in the boring,
split-spoon samples can be obtained by using a bit with an opening through which sampling tools can be
inserted. After the borehole is advanced to the required depth or to the top of bedrock, the mud will be
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flushed from the borehole using approved water. Volumes of drilling fluid lost into the formation will be
recorded at the time of drilling and flushing. Several con51derat10ns of water rotary methods addressed
during the development of WPA include: ' :

e Removal of the wall cake from outer perimeter of filter pack during development;

¢ Influence of drilling fluids on groundwater sample quality;

o Identification of discrete aquifers; and

e Proper procedures for well development are followed to ensure the va11d1ty of subsequent groundwater
sample results.

. Wire line casing advancement may be used with direct rotary drilling with water-based fluids. This
method of drilling was used extensively during the Verification Investigation (VI) and RCRA Facility
Investigation (RFI) drilling program conducted by Dames & Moore in 1991 and 1992 to core rock. The
advantages of using this approach over direct water rotary without wire line casing advancement are:

o The large diameter-drilling rod used acts as a protective casing; and

e Drill rods do not need to be removed every time a coring bit is retrieved.

SOP 20.11 in Appendix A describes procedures for drilling with direct water rotary and wire line casing. .

- 5.2.3.7 Drill-Through Casing Driver ,
Drilling-through casirig driver is method of drilling that allows for drilling and simultaneous ~
advancement of casing. For shallow borings, a single section of steel casing may be appropriate. When
completing deeper borings, sections of casing must be welded together with boring advancement.
Several variations of this method can be used including:

e Advancing the drill bit and casing as a unif;

o Dnvmg the casing ﬁrst following by dnllmg, and

* Advancing the drill bit in front of the casing and then driving the casing or allowmg it to drop (usmg an
eccentric bit). o

The advantages of this method of drilling are the following:

e Borings can be completed in unconsolidated matenals that may be difficult to drill with hollow stem
auger or direct rotary methods;

e Rapid penetration rates;
e Lost-circulation problems are eliminated;
e Easy identification of water bearing zones;

e No drilling fluids are reqoired for unconsolidated materials; and
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e Monitoring wells may be installed inside temporary casing (Driscoll 1989).

Disadvantages of this method of drilling are the following:

. Potmﬁal dust generated from discharge of cuttings;

e Annulus between casing and borehoie is generally too narrow to allow for placement of grout; and
¢ Additional cost of casing driver.

SOP 20.11 in Appendix A describes procedures for drilling through casing driver.

5.2.3.8 Sonic (Vibratory)

This drilling technique is a dual cased method that uses high frequency mechanical vibration to take

continuous core samples of overburden soils and softer rock and advance casing into the subsurface. '
Core samples can be collected with a four-inch or eight-inch diameter core barrel, with advancement of

up to a ten-inch diameter outer casing possible. The core barrel is advanced ahead of the outer casing

during drilling and may be advance in mcrements of one to 30 feet. - The advantages of sonic drilling

include the ability to: :

e Obtain large diameter, continuous and relatively undisturbed cores without the use of drilling fluid;

e Drill through difﬁcuit subsurface conditions such as very coarse unconsolidated material (e.g., river
jack encountered at RFAAP) and construction debris;

¢ Drill and sample softer rock with high age of core reco;/ery; '

. Dﬁll faster than most methods;

* Reduce the volume of IDM during drilling, as very few drill cuttmgs are returned to the surface; and
. | Instrumentatlon can be placed inside the drill rods or casing while the borings is advanced
Disadvantages of the sonic drilling method include:

. | The addition of water or air (or both) is required for rock drilling; '

o Extraction of casing can ;:ause borehole smearing (with silt and clay); anci_

e Scarcity of eﬁuipment and expense of drilling.

'5.2.3.9 Diamond Core Drilling

This method of drilling, used extensively during the VI and RFI conducted at RFAAP in 1991 and 1992,
allows for retrieving intact cores of bedrock. Diamond core drilling conducted at RFAAP has been used
in conjunction with the direct rotary, wire line casing advancement method described in Section 5.2.3.6.

* The primary advantages of this drilling method are:

o The ability to obtain intact samples for a more complete description of rock than other methods (see
SOP 10.3 in Appendix A); and
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e Ability to conduct various testing of rock samples.

The disadvantages of this type of drilling have been discussed and are the same as those discussed for
water rotary. '

SOP 20.11 describes procedures for diamond core drilling.

5.24 Summary of Drilling Methods

Dry hollow-stem auger drilling has been the preferred method for advancing soil and monitoring well
borings in the unconsolidated overburden at RFAAP because it does not introduce fluids into the
'subsurface. However, the use of air rotary has been necessitated in previous investigations by the
presence of river jack and other coarse material. In cases, where air rotary will not be an effective
method of overburden drilling because of borehole instability, etc., sonic drilling or drill-through casing
driver methods may be used. Sonic drilling may also be used when relatively undisturbed soil samples
are desired at a site.

The preferred method for drilling in fractured bedrock or bedrock with solution features at RFAAP has
been air rotary drilling. Water rotary (wire line casing method) has also been used for drilling in bedrock
at RFAAP; particularly during the VI and RFI conducted by Dames & Moore in 1991 and 1992.
Difficulties with this drilling method were encountered at sites with highly fractured bedrock or karst
solution features; these difficulties included large quantities of fluid loss, lost circulation, and unstable

boreholes. Rock coring (diamond core drilling) was conducted at locations where water-based rotary -
drilling was used. Wire line casing drilling may be appropriate at sites where rock cores are desired and
" bedrock conditions are known or expected to be amenable to this type of drilling.

Drill-through casing driver may also be used to drill through bedrock at RFAAP; particularly at sites,'

where bedrock stability is an issue and/or the use of air rotary may not be effective.

5.2.5 Borehole Logging

Boring logs will be prepared for each boriﬁg completed during a subsurface investigation. Each boring log

should fully describe the subsurface environment and the procedures used to obtain this description.
Logs should be recorded in the field directly on the boring log form and not transcribed from a field

book. A geologist or other professional trained in the identification and description of soil/rock should

conduct borehole logging and soil/rock identification and description

SOP 10.3 (Appendix A) describes the requirements and procedures for preparing boring logs at RFAAP
and includes the following information: .

e Material reqﬁirements;

e . Required boring log inforxhation;

e Soil pammefers for logging; __

e Procedures for describing and identifying sdil by ASTM Standa;rd Practice D 2488;
e Rock paxmﬁeters for logéng; » |

e Procedures for describing and identifying rock;
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e Procedures for logging refuse; and
e  Submittal requirements.

5.2.6 Soil Boring

Soil borings will be advanced by the selected site- spemﬁc drilling method(s) as ldentlﬁed in WPA.
Various drilling methods that may be used at RFAAP are discussed in Section 5.2.3 and procedures for
these methods are described in SOP 20.11.

5.2.7 Test Pits

Test pit excavations ére conducted to investigate and identify possible areas of contamination. Specific
plans for test pit investigation and sampling will be outlined in WPA developed for site-specific

‘investigations.

General procedures and requirements for conducting test pit investigations at RFAAP are outlined in
SOP 20.4 (Appendix A), which includes the following information:

° Material requircments;

e Decontamination reqﬁirements;

¢ Site preparation guidance;

e Excavation #nd sampling guidelines; and
e Restoration guidelines.

5.2.8 Abandonment

Abandonment is the procedure by which a boring, piezometer, or well is permanently closed to prevent

- potential contaminant migration from the surface to the subsurface and within the subsurface strata.

- In general, cement grout should be used for boring and well abandonment as specified in SOP 20.3

(Appendix A). Specialized narrow diameter soil borings (three inches or less) associated with direct
push methods or hand augers may be abandoned, as appropriate, using bentonite pellets or chips as
specified in SOP 20.3. The abandonment procedures and specifications included in SOP 20.3 reference:
e ASTM Standard Guide D 5299-92 (for decommissioning wells and other monitoring devices); and

e USACE guidance for monitoring well design, installation, and documentation at HTRW sites (USACE
1998). _ :

The SOP to be used for boring/well abandonment includes the folldwing information:

"~ o Material requirements;

- o  Specifications for grout;

e Procedures for abandoning borings and wells;
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o Site restoration requirements;
e Procedures for handling IDM;
e Notification and documentation requirements; and

¢ Replacement borings or wells associated with abandonment should be offset at least 20 feet from the
abandoned site in a presumed up- or cross-gradient direction.

'5.2.8.1 Borings

‘The term “boring” in the case of abandonment applies to a drilled hole made that is not completed as a
well. This includes soil test borings, soil sampling borings, and deep stratigraphic borings. . Whether
completed to the planned depth or aborted prior to reaching that depth, borings should be abandoned
within 12 hours of completion. : 4

Boring abandonment should be conducting by grouting with a tremie pipe according to the procedures

-outlined in SOP 20.3 (Appendix A). Narrow soil borings with a diameter of less than three inches,
advanced by a hand auger or direct push methods, may be sealed with bentonite pellets or chips, as
appropriate, according to the procedures outlined in SOP 20.3. '

5.2.8.2 Monitoring Wells and Piezometers

A number of techniques are available for abandomng monitoring wells and other momtormg devices
including:

»  Abandonment in place by grouﬁng thé_ well screen dand casing in place;

e Removal of the well by pulling; and | |

e  Overdrilling. |

"I'he particnlar method used for abandonment should be specified and rationalized in WPA developed fon
site-specific investigations. Several factors must be considered when selecting the appropriate

abandonment technique including well construction, well condition, and subsurface conditions.

When possible, the preferred method for abandonment of wells is to-remove ex1stmg well materials (by
" removal/pulling method or over drilling method) to accomplish the following:

¢ Reduce the potential for the formation of a vertical conduit to occur at the contact between the casing
' and annular seal;

e Reduce the potential for weil materials interfering with the abandonment procedures; and

e Decrease the potential for reaction between the well materials and grout used for abandonment.
Procedures for well abandonment by the removal/pulling method or over drilling method are outlined in
SOP 20.3 (Appendix A). - In the event that it is not possible or desirable to remove the well materials, the

well will be abandoned in place by grouting as described in. SOP 20.3. This method of abandonment
should include perforation of the screen and casing (see SOP 20.3).
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5.2.8.3 Abandonment Considerations for Fractured Bedrock and Karst Aquifer Wells

Multi-cased wells completed into bedrock as screened wells, open wells, or open-lined wells may be
abandoned with the outer casing left in place providing that the integrity of this casing and associated
annular seal is good.

Borings or wells completed in karst zones may be difficult to abandon because of the potential presence
of large conduits, which may make it difficult to fill the hole. Where large conduits exist or difficulties
are encountered when abandoning a boring or well, packers can be used to isolate critical intervals for
filling with grout above and below these zones.

5.2.9 Soil Sampling

Surface soil samples will generally be collected within the depth interval of zero to six inches below
ground surface (BGS), except for samples for volatile organic compounds, which will be collected within
the depth interval of six to 12 inches BGS. - The vegetation and root mat will be removed prior to
collecting surface samples. Subsurface soil samples will be collected at a depth below that of surface
samples. Site-specific locations and depths for surface and subsurface soil samples will be identified in
WPA.

Various sampling techniques may be used to collect surface soil samples including the scoop and trowel
method (ASTM D5633). Other methods may be used in conjunction with the drilling techniques
described in Section 5.2 to collect surface samples (or subsurface samples) including hand auger, soil
corers advanced with a drill rig or direct push rig, and split spoon samples advanced with a drill rig.
Sampling intervals and sampling techniques (split barrel, soil core, thin wall tube, etc.) will be described
in site-specific WPA and will be consistent with investigation objectives.

General procedures to be followed for collecting surface and subsurface soil samples are outlined in SOP

30.1 (Appendix A). This SOP includes information that is consistent with ASTM and USACE standard
practice guidelines for soil sampling. The following types of information are included in SOP 30.1:

e ' Material requirements;

» Sampling procedures;

o Site restoraﬁon.guidelines;

e Documentation requirements; and

e Management of IDM.

SOP 20.11 in Appendix A identifies specific procedures for collectin_g soil samples using split-barrel,
thin wall tube, soil core, and direct push methods.

5.2.10 Groundwater Investigations

Groundwater investigations at RFAAP will be conducted consistent with the 1998 USACE guidance for
the design, installation, and documentation at HTRW sites and appropnate ASTM standard practices as
referenced in the following sections.
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5.2.10.1Monitoring Well Installation

Specifications for monitoring well construction and installation for a given site being investigated are to
be included in the WPA. Four-inch diameter monitoring wells will be 1nsta11ed at RFAARP sites, unless
otherwise specified in the WPA.

Well screen usage for a given site should be specified in WPA based on expected site conditions. Wells
installed within overburden will have a screen. Bedrock wells may be installed with or without a screen
depending on site-specific conditions such as the depth of water bearing zones, stability of bedrock,
-occurrence of karst zones, and construction of existing wells at the site being investigated.

Bedrock wells installed within karst zones or fractured bedrock should be completed as open-hole
construction. If evidence of potential or severe borehole collapse (unstable bedrock) is indicated during
drilling, casing and screen will be installed in the borehole as a removable lining. If desired, multiple
flow zones may be monitored in an open bedrock well by installing a multiport well, which has
monitoring/sampling intervals sealed off from the rest of the boring and from each other by packers.

Multi-cased wells or wells with an outer casing installed into competent bedrock should be specified for
wells that are designed to monitor groundwater within bedrock. The installation of a multi-cased well or
outer casing will isolate the zone(s) monitored from overburden and will minimize the potential for
cross-contamination during and after drilling. :

Well installation procedures consistent with the following guidelines are presented in SOP 20.1 .

(Appendix A):

~ o ASTM D 5092-90 (Standard Practice for De51gn and Installation of Groundwater Monitoring Wells in .

Aqulfers)

e ASTM D 571795 (Standard Guide for De51gn of Groundwater Momtormg Systems in Karst and
Fractured Rock Aqulfers) and

e USACE Guidance for Monitoring Well Design, Installation, and Documentation at HTRW s1tes‘

(USACE 1998).
.The following types of information are ._included in SOP 20.1: -
. Material a_.nd equipment requirements; |
e Materials sp_proval guidelines;‘
- o Drilling reeuirements;
. Weli conslructidn and installation speci_ﬁcations and procedures;
° Documen.tation're(.luirements;
° General sequence for monitoring well installations; and

o Mahagemeht of IDM.
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. 5.2.10.2 Monitoring Well Development

Well development is the process by which drilling fluids, solids, and other mobile particulates within the
vicinity of the newly installed monitoring well are removed, while ensuring proper hydraulic connection
to the aquifer. Development stabilizes the formation and filter pack sands around the well screen to
ensure aquifer water moves freely to the well. Well development techniques that could potentially
contaminate or alter the chemistry of the water-producing zones will be avoided.

The type of subsurface conditions encountered at a particular site at RFAAP will define the appropriate
method of well development.

When monitoring wells are installed within overburden material and/or a uniformly fractured rock
aquifer not exhibiting karst characteristics, a combination of mechanical surging and pumping (over
pumping) is generally appropriate for well development. In general, over-pumping is the method of
pumping the well at a rate higher than recharge occurs. Surging is typically accomplished by moving a
tight-fitting surge block along the inside of the well screen; this action creates a vacuum.

When monitoring wells are installed within a karst aquifer containing heterogeneous high-permeability
zones (fractures, conduits, voids, and other dissolution zones) and excessive amounts of sediment have
entered the borehole, pre-development of the well (open borehole) will be required. Reverse-circulation
airlifting should be used for pre-development. Because reverse-circulation airlift methods avoid forcibly
exposing the annular space to air, reverse-circulation tools can be run throughout the entire water column
in the wells being developed. After the excessive sediment has been removed by reverse-circulation
airlifting, conventional pumpmg techniques may be used as appropriate to complete the well
development.

Final developmeﬁt of monitoring wells should not be initiated sooner than 48 hours after or more than
seven days beyond the final grouting of the well. Pre-development or preliminary development may be -
initiated prior to this 48-hour minimum period. Preliminary development may be conducted for open
wells or for screened wells after installation of the well screen, casing, and filter pack but prior to
installation of the annular seal. Pre-development is recommended when the natural formation will be
used as a filter pack. Well development should be completed at least 14 days prior to sampling. SOP
20.2 (Appendix A) describes the requirements and procedures to be followed for development of
monitoring wells at RFAAP and includes the following information:

e - General materials requirements;

* Guidance for selection of a development method;

e Timing;

e A summary of procedures;

. Criteria for development;

e Documentation requirements; and

e Guidance for handling IDM.
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5.2.10.3 Monltormg Well Sampling
In general, two different techniques may be used to samp]e groundwater from wells at RFAAP

. Low-ﬂow purging and sampling (Type I); and |
¢ Conventional purging and low-flow sampling (Type II).

These two samplmg techniques are intended to address the drfferent groundwater condmons that may be
encountered at RFAAP,

The Type I sampling technique will be used in the following situations:

¢ In wells where one discrete water-producing zone is encountered;

¢ In wells with no discrete water bearing zone and a low yield (less than 0.5 liters per minrite); and
o Inwells sampled during seasonal low groundwater conditions with greatly reduced yield. |

~ The Type II sampling technique will be used in the following situations:

. In wells with potential or documented multiple flow zones and where md1v1dual flow zones will not be
" evaluated; and ;

¢ In moderately producmg wells (greater than 0.5 hters per minute) where no discrete flow zones were
documented during drilling.

Groundwater sampling of newly installed wells will be performed no sooner then 14 days after
completion of well development. Information from the borings, well completion records, and well
development records should be reviewed prior to sampling a well to deﬁne the most appropriate samplmg
technique.

Due to the heterogeneous nature of the fracture and solution-enhanced fractured bedrock at RFAAP,

monitoring well purging and sampling will need to be flexible. This flexibility is necessary to obtain

representative samples that meet the data quality objectives (DQOs) specified in site-specific WPA.

- The Type I and I methods of collecting groundwater samples from rnonitoring wells are described in
SOP 30.2 (Appendix A); this SOP also describes the general requirements for materials, documentatlon
of field activities, and management of IDM.

5.2.10.4 Piezometer Installation

For the purposes of this WP, a piezometer is defined as a well installation designed to measure and/or

*monitor groundwater level rather than to acquire environmental samples. The objective of the selected
installation technique is to ensure that the piezometer provides representative data while minimizing
subsurface contamination, cross-contamination, and installation costs.

Piezometers are open-ended or screened “pipes” installed in shallow water bearmg Zones. They may be
placed in existing boreholes driven below an open hole, or driven from the surface. -

Site conditions will be considered when selecting installation and construction methods to prevent the -
potential for subsurface contaminate migration. Construction materials are typically polyvinyl chloride
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(PVC), Teflon™, or stainless steel, depending on site conditions. Piezometers are typically of smaller
diameters than wells and may be completed with or without sand packs, bentonite seals, or other
construction parts.

Piezometers typically do not require development; however, some volume is usually purged to clear
sediment that may have collected during installation. Piezometers to be used as introduction points for
tracer dyes (see Section 5.9.3) should be developed using the same methods as monitoring wells.

General guidance for installation of piezometers is provided in SOP 20.9 (Appendix A). Piezometer
specification will be included in WPA, as applicable. '

53  SURFACE WATER INVESTIGATION

-5.3.1 Surface Water Sampling

Factors that will need to be considered for selection of a surface water sampler include the width, depth,
and flow of the surface water body, and whether the sample will be collected from the shore or a vessel.
The most appropriate method(s) of sample collectlon and the appropriate depths of samplmg (sampling
strategies) will be specified in WPA.
Sampling will proceed from downstream locations to upstream locations so that disturbance related to
sampling does not affect the samples collected upstream. In addition, if sediment samples are to be
collected at the same locations as the surface water samples, the water samples must be collected first.
Sampling will be performed in such a manner that minimizes disturbance of bottom sediments to ensure a
representative sample.
Various methods may be used to collect samples of surface water and the method used will depend on the
considerations discussed earlier. Some of the more common methods used to collect surface water
samples from shallow depths include: -
e Submergence of sampling containers;

e Dipper and pond sampler; and

e Peristaltic pump (for non-volatile parameters).

SOP 30.3 (Appendix A) describes the general requirements and procedures to be followed for collecting
surface water samples at RFAAP and includes:

. General materials requirements;

e Considerations for sample collection;
e Sample locatiori and timing;

e Sampling methods and procedures;

. | Sample filtration; and

¢ Documentation requirements.
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- 53.2 Surface Water Elevation Gauge :

- Surface water elevation (staff) gauges consist of calibrated steel posts driven vertically into a body of . .
surface water to measure water level fluctuations. The installation procedures are as follows:

1. The gauge will be set where it can be attached to a secure location; _ .

2. The gauge will be place such that the bottom of the gauge is resting on top of the streambed,;

3. The water level will be recorded at the time of installation.. A grease pencil will be used to mark the
water level; and

4. The gauges will be surveyed by a Commonwealth of Virginia licensed surveyor concurrent with
monitoring well/piezometer/soil-boring surveying. The surveyed point will be where the gauge is
stationary. Water level elevations for each monitoring event will be converted to MSL (using stream
gauge elevation [feet MSL] minus the water level reading [feet]).

Staff gauges will be surveyed to identify location coordinates and vertical elevation, as descnbed in
Section 5.10. '

‘54  SEDIMENT INVESTIGATION

Factors that define the type of sediment water sampler to be used are primarily related to project
objectives of surficial versus subsurface samples,_ site constraints of the water depth, sampling and
sediment conditions, and cost-effectiveness of the sampler. The most appropriate method(s) of sample

~ collection and the appropriate depths of sampling (sampling strategies) will be specified in WPA.
Sampling will proceed from downstream locations to upstream locations so that disturbance related to ‘

sampling does not affect the samples collected upstream. In addition, if surface water samples are to be

collected at the same locations as the sediment samples, the surface water samples must be collected first.

Sampling will be conducting using appropriate sampling devices that minimize disturbance and sample
washing as the sample is retrieved through the liquid column. '

Various methods may be used to collect samples of sediment and the method used will 'dep.end on the
- considerations discussed earlier. Some of the more common methods used to collect sediment include:

e Scoop or trowel method (exposed sediments or where surface water is six inches deep or less);

e Tube sampler (with or without hand auger); and

¢ Ekman or Ponar type of grab sampler. |

SOPs 30.4 (scoop and tube sampler) and 30.5 (Ekman and Ponar sampler) in Appendix A describe the
general requirements and procedures to be followed for collectlng sediment samples at RFAAP and
include: : :

¢  General materials requirements;

¢ Considerations for sample collection;

o S.ample location and timing;
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e  Sampling methods and procedures;

¢ Documentation requirements; and

¢ Management of IDM.

55 GEOPHYSICAL SURVEYS

The use of geophysical techniques, if required, will be specified in site-specific WPA. Where possible,
surface and down hole data will be integrated with existing geological information to form a synergistic
interpretation. The contractor should consider these techniques for site-specific applicability to enhance
the technical insight and cost-effectiveness of their efforts. Special applications may be useful in
contaminant detection, epikarst thickness, depth to competent bedrock, detection of buried drums or
debris, groundwater flow pathways, etc. When proposed for Contracting Officer Representative approval,
the contractor will include the purpose, particular methods and equipment, selection rationale, methods
and procedural assumptions, limitations (theoretical and S1te-spec1ﬁc) resolution, and accuracy,
procedures for field standardization, calibration, and quality assurance.

The contractor will beta-test methods in one small representative area to verify that the selected methods
in one small representative area to verify that the selected methods produce reasonable, defensible data.
If the method does not meet the project’s data quality objectives, the method(s) will be eliminated from
the survey. The contractor shall also address the safety aspects of geophysical applications in their
proposal. If geophysical techniques are used, the same topics will be addressed in the geotechnical
report. Tables 5-1 and 5-2 present common surface and down hole geophysical lists survey techniques,
including general purpose.

Several SOPs are included in Appendix A of the MWP that provide general descriptions and technical
management guidance for the following types of geophysical surveys:

"o Ground-penetrating radar (SOP 20.6);

. Resistivi’ty and electromagnetic induction (SOP 20.7); and

¢ Magnetic and metal detection surveys (SOP 20.8).
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Table 5-1
Geophysical Methods
RCRA Facility Investigation Master Work Plan
Radford Army Ammunition Plant, Radford, Virginia

Aist 2003

, e : G SMETHODS =
¢ Gross soil lithology } . ] « Lithology
e Contaminant plumes e Buried drums, USTs, . « Fluid Properties
« Boundaries of landfill, and utilities . Isigl‘('ﬂ‘;“;ybedm“ * Overburden « Fracture & fault
pits * Voids . o : . ) orientation & magnitude
+ Metal detection « Pipe and cable tracing | + Subsurface structures | | Contaminant plumes | + Bulled drums and USTS | » edrock 10DOFTSPMY | o Estimate physica
APPLICATIONS | ¢ Buried drums, USTs, o Shallow groundwater | « Waste pits, trenches vaniations « Buried utilities « Bedrock competence properties
e Utilities . preferred flowpaths ¢ Fractures, faukts,and | | Water table s Abandoned wells « Lithology * Cross-ho] N iqvestiga!ions
* Lateral, vertical : karst o « Bedrock topography oF  faults, and | © We!l casing integrity
variations e Contamination o Fractures, faults, and epikarst o Calibrate surfice
e Fractures, faults, and plumes targe solu’tion féam geophysics surveys
karst . e Vertical flow rates in
boreholes
Measures subsurface Measures subsurface Measures electrical,
. . Measures the strength of | Measures changes in electrical resistivities : Measures seismic thermal, radioactive
conductivity using low- . | electrical currents, either | the propagation of (reciprocal of conductivity | Measures the earth's velocity of soil and properties, velocity,
THEORY f:'reque{lcy electrgmagn etic naturally occurring earth | electromagnetic energy | * 10,000) as a function of | magnetic field and rock. Function of soil | density, orientation,
mducfm"' F"mc".on ofthe currents or currents in the ground to the physical mineralogical | anomalies caused by and rock physical direction, and magnitude
electrical properties of applied to conductive produce an image of properties of soil and rock | buried ferrous materials. | properties and of borehole-intersected
SUbsu.rface materials .a"d targets. subsurface conditions. | and the chemistry of pore density. features and water quality
chemistry of pore fluids. fluids. _ parameters
An applied current or . . ' o
. Hand can-ie‘d, station, signal is traced usingan | Antenna ish;?ulled by E:::::a glrf)llll::r:;l:'soz;;\cﬁ l]: ec;ivser i_s carri;/d by ﬁlnee;gf;:nil;nwfalatof Borehole tools afe
METHODOLOGY and/or continuous EM detector or hand‘or vehicle. expandable array of anc. Station and/or seismic wave is lowered downhole. Data
measurements are | voltme'ter. Or naturally | Continuous electrodes. Station continuous sensed by geophones | is recorded continuously
collected. occurring curre'ms are measurements are nicasurements are mt;::su:lments are and recorded by or at specific depths.
. :;nt::\iz‘::d at soil voltage | collected. collected. collected. seismograph. .
INVESTIGATION | Near surface 0200 feet; | .y ooy joce tha o | Maximum depth 100 - Several hundred et : Refraction: 0 to 100's | Vertical = depth of well
DEPTH or 30 feet to several feet. feet, but typically u§ed !)epth of investigation 0 to 60 feet. of feet. Reflection: 30 | Horizontal = zero to
1000's " for shallower profiling | increases as electrode ) to 100's of feet greater than 60 feet
of feet. (zero to 20 feet). array is expanded. i
Interference caused by _ Reads only ferrous
buried utilities, buildings, . . . . Sensitive to lateral metals. Interferences For the refraction . ,

. electrical power lines, & [rlnerfere:mcelfro m a;twe :lgh Iz:(;t('e-spleaﬁc. resistivity variations. caused by buried method, velocity must Iﬂ‘:::::ﬂ::d“r}; w';h "
LIMITATIONS electrical storms, and e‘ectnca‘utl 1t3es. or of good1n ‘; ayey, Electrode array length is utilities, buildings, power | increase with depth. din a an hwl ether
’ | fences. Complex g;pe "?lc‘:tg’ Pipes must glduthme s;gla:é::abl several times the depth of | lines, etc. Shallow reflection is :: edl ':ve‘l‘I open hole or a

stratigraphy, more than conductive. ow e investigation. Detectability varies with | highly site-specific. ’
two or three layers. ] depth and size of target.
SURVEY COST Low. Per station. Low. Per station. - High. Per linear foot. Medium. Per Array. Low. Per station. m;’l'lm-ngh - Per Varies. Per day.
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Table 5-2
Borehole Geophysical Methods
RCRA Facility Investigation Master Work Plan
Radford Army Ammunition Plant, Radford, Virginia

Spontaneous Electncal potential caused by salmlty Lithology, correlation, shale content, water quality. Open hole ﬁl]ed with conducuve fluid.  |Salinity dlfference requlred between borehole
Potential (SP) differences in borehole and interstitial fluids. and interstitial fluid.

Single-Point Resistance of rock, saturating fluid, and High-resolution lithology, correlation, fracture location |Open hole filled with conductive fluid.  [Not quantitative, hole diameter effects
Reslstance (SPR) borehole fluid. with differential SPR. significant.

Multi-Electrode Resistivity, in chm-meters of rocks and Quantitative data on salinity of interstitial water, Open hole filled with conductive fluid. . [Normal resistivity spacing must be smaller than
Resistivity saturated fluids. lithology, correlation. bed thickness to measure bed accurately.

Electrical Induction

Conductivity of rock and saturated fluids.

Quantitative data on salinity of interstitial water, water
quality, lithology, correlation, monitoring formation fluid
conductivity.

Open or non conductive casing.

Skin effects for highly conductive formations.

Natural Gamma,

Gamma radiation from natural or artificial

Lithology related to clay (silt) content and permeability,

Any hole conditions except very large, or

Very high count rates need to be corrected for

solution openings, strike and dip of bedding.

Spectral Gamma radioisotopes. spectral gamma identifies gamma emitting very thick casing and cement. dead time.
. radioisotopes.
Gamma-Gamma Total electron density. Bulk density, porosity, moisture content, lithology, Best results in uncased hole; qualitative |Hole diameter effects.
Density : correlation. through casing or drill stem.
Neutron Hydrogen content, elemental spectra. Saturated porosity, moisture content, activation Best results in open hole; can be Hole diameter and chemical effects.
analysis, lithology. calibrated through casing.
Acoustic (Full Compressional shear and tube wave velocities. |In-situ engineering properties, porosity, fracture Open or cased fluid filled holes. Does not “see” secondary porosity.
Waveform Velocity) location and character, cement bond. .
Acoustic Televiewer | Acoustic reflectivity of borehole wall. Location, orientation, and character of fractures and Fluid filled borehole. Heavy mud or mud-cake attenuates signal.

Optical Televiewer (Optical borehole wall imagery. Location, orientation, and character of fractures and Air or clear fluid. Optics diminish as hole is disturbed.
. - solution openings, strike and dip of bedding, casing

inspection and well construction, mineralogy (color

and light reflectance. '
Caliper Hole or casing diameter. Hole diameter, corrections to other logs, lithology, Any conditions. Deviated holes may skew measurement.

, ) fractures, hole volume for cementing, well construction.
Fluld Temperature |Temperature of fluid near sensor. Geothermal gradient, in-hole flow, location of injected | Any conditions. Best in undisturbed holes.
. water, cotrection of other logs, curring cement, plume
. identification.
Water Quality Several measurements available: fluid Municipal water supply testing, environmental Fluid filled hole. Same sensors require regular maintenance
conductivity, pH, redox, salinity, pressure, compliance, drinking water safety, plume identification. and/or replacement.
sulphides, nitrates, chlorides, ammonia, copper. :

Flow Velocity of net flow in borehole. In-hole flow, location and apparent hydraulic Fluid filled hole. Spinners require hlgher velocities and

conductivity of permeable interval, leakage behind centralization.

casing.
Magnetic Magnetic field or some derivative. Location of magnetic media. Air or fluid, non-magnetic casing. Most qualitative, but can be calibrated if
Susceptibllity borehole diameter is known. )
Induced Formation chargeability over a time or Location of conductive zones. Open fluid filled hole. Best measurement requires relatively high
Polarization frequency domain. : ) current to be transmitted into formation.
Deviation Inclination and bearing of borehole. Subsurface geometry, location of specific targets. Gyro required in magnetic cased holes. | Surface coordinates must be known for gyro.

Source: Mount Sopris Instrument Company, Inc. 2001 and (Keys 1997).
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5.6 ACTIVE SOIL GAS SURVEY

Soil gas surveys are an effective screening tool for locating VOC-contaminated source areas in karst and
fractured bedrock residuum. - This system is also effective in mapping source areas and plumes within
unconsolidated media. A large number of soil gas samples can be collected quickly and inexpensively.
Thus, a large area can be evaluated for trends in VOC contamination in the subsurface. Soil gas is useful

- for defining optimum locations for subsequent soil borings and groundwater monitoring wells and for

minimizing the number and cost of soil and groundwater samples needed to adequately define the source
and extent of contamination.. Soil gas results can also be useful in the interpretation of soil and
groundwater sampling results. '

5.6.1 Application

A soil gas survey involves sampling and analyzing gases in the interstitial spaces between soil particles in
the unsaturated zone. VOCs in the soil or groundwater will volatilize to some degree and migrate
through the soil column along preferential pathways, where they can be easily sampled as soil gas.
However, VOC concentrations in soil gas do not correspond directly with concentrations in the soil or
groundwater. The trends in contaminant concentration provide clues regarding the source and porous
media migration of contaminants in the subsurface. Soil gas results should always be confirmed with soil
or groundwater samples and are useful in determining subsequent soil and groundwater sample locations.

5.6.2 Limitations

Soil gas analysis cannot reliably predict contaminant concentrations in soil or groundwater. Many
variables, some of which are poorly defined, or uncontrollable, may affect the relationship between
contaminant concentrations in soil gas and in soil and groundwater. These variables include:

e Physical and chemical properties of the VOCs, such as vapor pressure, water solubility, density, and
partitioning coefficients;

e Properties of the unsaturated zone, such as porosity, water content, soil organic matter, depth of the
unsaturated zone, temperature gradient, and microbes;

¢ Hydrogeologic properties, such as groundwater flow, depth to groundwater, variations in groundwater
depth, and lithology of the aquifer;

¢  Characteristics of the release, such as volume, duraﬁon, and depth;

e Sampling techniques, which affect the equilibria controlling VOC concentrations in the groundwater
such as how the hole is drilled, purge volume, and sampling rate; and '

e Miscellaneous factors, such as rainfall, background water quality, barometric pressure, wind, and
proximity to surface water and pumping wells.

Soil gas sampling is best suited to sites with dry, porous soils, which have a larger volume of entrained .
gas and allow faster migration of VOCs than damp, clayey soils. Clay lenses, perched water, foundation
walls, and other subsurface features are barriers to soil gas migration and may cause misleading results.
VOCs in groundwater are most easily tracked if the depth to groundwater is relatively shallow and the
aquifer is porous media. Soil gas sampling will be scheduled for dry weather, if possible. Rain saturates
the soil column, displacing some soil gas and altering soil gas concentrations. Weather conditions during
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a sampling event cannot be controlled, but should be noted and taken into conS1derat10n during data
analysis.

5.6.3 Selection of Sampling Locations and Depth

Sampling locations will be specified in site-specific WPA and may be selected based on available
information on potential sources and the direction of groundwater migration. In many situations, a
regularly spaced grid covering the area of interest will provide the best information. Grid spacing of 20-
to 50-foot intervals is common, depending of the goal of the survey and the existing site conditions.
Closer grid spacing provides information that is more detailed and is appropriate for locating potential
sources of contamination. Wide spacing of sample locations is appropriate for general site screening to
identify whether contamination is present. Samples may be located surrounding a potential source to
ascertain whether a release has occurred. Sample points arranged in a line (rather than.a grid) are
appropriate in some situations, such as determining whether contamination is migrating off site.

Depth of sampling will be specified in site-specific WPA and selected based on the geology,
hydrogeology, source depth, goals of the survey, and type of contamination expected. Sampling depths
between two and 15 feet are possible (depending on soil conditions), but a depth of four to six feet is
generally adequate to prevent significant effects on VOC concentrations from small surface spills or
diffusion of soil gas into the atmosphere. Shallower samples at two to four feet are appropriate where
groundwater is shallow or in paved areas (because paving minimizes both infiltration of spills and
diffusion of soil gas into the atmosphere). Samples collected at depths greater than six feet may be
needed if the contaminant source or the groundwater is especially deep or if clay lenses or other features
prevent adequate vertical migration of soil gas. A confining layer separating two aquifer systems should
not be breached. Significantly more time is required to collect samples at depths greater than 6 feet,
which tends to negate some of the cost and speed advantages associated with soil gas techniques.

5.6.4 Samphng Procedures
SOP 20.5 (Appendix A) provides a general procedure for active soil gas samplmg

5.7 DRUM SAMPLING

Drums (and other sealed containers) with known or unknown contents potentially represent severely
hazardous situations for sampling teams. Even when the original identity of the contents is reasonably
certain, contents may be under pressure or in a decomposed state, and many materials readily react
(sometimes violently) with air or water vapor in the atmosphere. Hazardous material specialists that have
appropriate training and experience will inspect and sample unidentifiable drums. Specialist team
members will use extreme caution and care when opening sealed drums or cans of unknown content for
purposes of inspection and sampling.

Efforts will be made to ascertain the identity of the contents, through markings, history of activities at the
site, and similarity and proximity to containers of known contents. - Although the range of possible
hazards will dictate which specific procedure will be followed, sampling activities will be consistent with
SOP 30.6 (Appendix A). Predetermined procedures will be smctly followed as deS1gnated by the site-
specific conditions.

58 PHYSICAL TESTING

When possible, physical testing of intact soil samples obtained dﬁring the field investigation should be
conducted to characterize the encountered soil formations and their hydrogeologic properties. WPA for
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site-specific investigations will specify the physical testing requirements based on investigation
objectives, site-specific conditions, etc.

The samples selected for physical testing will represent the range and frequency of soil types
encountered within the study areas. Physical testing will be performed at a USACE-certified laboratory
using ASTM methods and able to safely process hazardous and toxic samples, unless otherwise
specified. Quality control samples will be sent to USACE Baltimore District Materials and
Instrumentation Branch for analysis. The suite of tests, at a minimum should include sufficient testing to
classify soils for engineering purposes (Unified Soil Classification System) by ASTM Standard D 2487

: where applicable including:
. Moisture content (ASTM D 2216);
e Determination of particle-size vdistribution (ASTM D-422);

"o Determination of Atterberg limits (ASTM D 4318); and

~*  Total organic content (ASTM D 2974).

Other tests may be conducted depending on investigation objectives such as:

*  Porosity (ASTM D 854 and D 2937);

e Bulk den51ty (ASTM D 4253)

e Capillary moisture relatlons (AS'IM D 2325-68 and D 3 152~72)

. Measurement of hydraullc conductivity (ASTM D 5084 and D 5856);

. Permeabllxty (ASTM D 2434);

e Soil pH (ASTM D 4972-95a); and

e Cation exchange capacity (various methods).
59 AQUIFER TESTING
Aquifer tests, such as’ slug tests, pump tests, packer tests, and dye tests (for karst and fractured bedrock
aquifers) are conducted to identify the approximate hydraulic properties of water bearing material. The
properties that can be identified are specific to the test method used. The procedure for selection of
aquifer test method(s) is a function of the following:

- o The hydrogeology ef the proposed test site;
e Testing conditions required by the test method;

e Requirements for observing the response of water levels to the test; and

¢ Site-specific investigation objectives.
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ASTM Standard D 4043 provides guidance for development of site conceptual models and selection of a
test method to identify hydraulic properties of porous media aquifers and fractured bedrock aquifers.
Aquifer characteristics are important to evaluate the potential for contaminant migration and to identify
potentially impacted areas.

5.9.1 Slug Tests

Slug tests are borehole scale aquifer tests that provide data that can be used to assess the approximate
hydraulic conductivity of the screened porous media aquifer. Hydraulic conductivity data can be used in
conjunction with data on effective porosity and hydraulic gradient to calculate estimated groundwater
flow velocities in porous media. Aquifer characteristics are important to evaluate the potential for
contaminant migration and to identify potentially impacted areas.

The slug test method involves causing a sudden change in head in a control well and measuring the water

level response within that control well. Suddenly injecting into the well or removing from the well a -
known quantity of water may induce Head change. This is done by the rapid removal of a mechanical

“slug” from below the water level, increasing or decreasing the air pressure in the well casing, or

* emplacement of a mechanical slug into the water column. :

Initially, an appropriate test methodology should be chosen. The selection of the appropriate test method
(rising or falling head) is dependent primarily on saturated screen length, the well diameter, aquifer
fabric, and the estimated hydraulic conductivity. If the screen extends above the water table, a
rising-head test (water removal or slug removal) should be used. The performance of a falling-head test
(water or mechanical slug added) in this circumnstance would overstate the hydraulic conductivity value,
as the measured response would reflect the equilibration rate of previously unsaturated material;
unsaturated materials would equilibrate faster than saturated materials (Bouwer 1989).

When the measured water level in a monitoring well is above the screened portion of the well, a falling-
head test methodology should be employed. A rising-head test may also be performed if the initial water
level reading (after the slug is removed) is above the screened interval.

" Procedures for conducting falling-head slug tests and rising-head slugs are outlined in SOP 40.3
(Appendix A). The method (solution) used to analyze the slug test data will be primarily dependent on
the site hydrogeologic conditions and conformity of these conditions to available model solutions for the
type of condition observed.

1592 Pumping Tests

Pumping tests are typically used to provide estimates of transmissivity and storativity values for the:
tested aquifer. Additionally, well performance parameters such as specific capacity and yield can be
calculated from pumping tests. When conducted in fractured rock and karst aquifers, pumping tests can
sometimes provide information on directions of groundwater flow.

Careful pre-design of pumping tests should be conducted prior to testing and consideration should be
given to what type of data will be needed for the test. Geophysical surveys (surface or logging), packer
tests, etc. may be necessary to provide appropriate subsurface data to design pumping tests for RFAAP
sites when testing fractured rock and karst aquifers. Open hole bedrock wells will at a minimum, have a
caliper log run prior to conducting packer and pump tests.

- Several types of pumping tests may be conducted dependmg on site- Spec1ﬁc conditions and project
‘objectives including:
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e Single well pumping test — no observation wells (note: hrruted parameters can be identified when
- compared with tests conducted with observation wells);

¢ Constant-rate test - with a single pumping well and multiple observation wells and/or piezometers; and

e Step-draw down test — with a single pumping well and multiple observation wells and/or piezometers.
Design specifications and pumping test plans (also for packer testing, etc.) will be included in WPA,
when this type of aquifer test is proposed for sﬂe-spemﬁc investigations. These plans must include
provisions for managmg IDM.

5.9. 3 Dye Tests ’

Karst features, such as 