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1.0 INTRODUCTION

Tetra Tech NUS, Inc. (TtNUS) has prepared this Site Assessment Plan (SAP) for Zone C at the
Charleston Naval Complex, Charleston, South Carolina. This SAP was prepared for the U.S. Navy (Navy)
Southern Division (SouthDiv) Naval Facilities Engineering Command {(NAVFAC) under Contract Task
Order (CTO) 0093, for the Comprehensive Long-term Environmental Action Navy (CLEAN I[ll}) Contract
Number N62467-94-D-0888.

The SAP provides the rationale for performing field activities associated with collecting data to evaluate
the impact of petroleum products on the subsurface at the referenced site. Data collected during the
investigations will be used to prepare Rapid Assessment Reports (RAR) in accordance with South
Carolina Department of Health and Environmental Control (SDHEC) Underground Storage Tank Control
Regulations R.61-92. In accordance with SCDHEC's June 1995 guidance document, “Rapid
Assessment”, TtINUS has prepared a Rapid Assessment Plan (RAP) for each site included in this

investigation. The RAPs are provided in Appendix A.
11 GENERAL SITE DESCRIPTION

The Charleston Naval Complex (CNC) is located on the western shore of the Cooper River in Charleston
County, about five miles north of the city of Charleston, South Carolina. The CNC comprises
approximately 2,879 acres. All Naval commands at CNC are closed. Operational closure of the
commands was completed on 01 April 1996. A facility location map is provided as Figure 1-1.

1.2 OBJECTIVE

As indicated in the Statement of Work (SOW), the objective of this investigation is to determine the extent
of petroleum contamination and assess if further action is required to remediate the sites. The results of
the investigation will be submitted in @ Rapid Assessment Report (RAR) for each site. If the RAR
concludes that active remediation is required, an Active Corrective Action Plan will be prepared. An
Intrinsic Corrective Action Plan recommending “monitoring only” or “no further action” will be submitted if

the RAR concludes that active remediation is not required.

TTNUS/TAL-99-018/0164/2.1 1-1 CTO 0093
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2.0 SITE DESCRIPTION

The Naval facilities that comprised the former base are located on the western bank of the Cooper River.
The topography at CNC, which is generally flat, consists of average land surface elevations of less than 5
feet above mean sea level. Much of the base is situated on dredge spoils that were used as fill in low
lying tidal marsh areas. Commercial, industrial, and residential areas surround the complex. Due to its
location on the river's edge, it is also surrounded by diverse ecosystems. There are many wetlands and

tidal marsh areas with a great variety of aquatic life as well as plants, birds, and animals.

All surface drainage flows directly into the Cooper River. The water table occurs within 3 to 6 feet of the
ground surface. The shallow aquifers are very low yield and are not a practical source of drinking water
due to the high levels of dissolved solids and chlorides. However, one of the shallow aquifers is used as
an industrial water source. The shallow aquifers in the vicinity of the CNC drain to the Cooper River.
Pathways exist for contaminants to migrate via surface water runoff and via infiltration into the shallow

aquifer to sensitive ecosystems downstream.

TTNUS/TAL-99-018/0164/2.1 2-1 CTO 0093
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Zone C is predominantly an industrial area located in the southern portion of CNC. Zone C had a

combination of heating fuel and waste oil tanks. A total of 47 underground storage tanks (USTs) and

aboveground storage tanks (ASTs) were permanently closed at CNC Zone C. As a result of the tank

removal activities, petroleum contamination was discovered at 12 tank locations within CNC Zone C. One

of these locations will not be investigated under the petroleum program. The remaining 11 tank locations

wil be addressed in the proposed program. Tank locations in close proximity will be assessed as a single

site. Therefore, a total of six sites willl be included in this investigation, the sites are as follows:

Site 29
Site 30
Site 31
Site 32
Site 33
Site 34

UST NH46-5

USTs NH46-1, NH46-2, NH46-3, NH46-4
UST 760

UST 54

UST NH62-1, AST NH62-2

UST NH1137-2, AST NH1137-1

As per SCDHEC requirements, Rapid Assessment Plans (RAP) have been prepared for these six sites
and are included in Appendix A.

TTNUS/TAL-99-018/0164/2.1 3-1
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4.0 SCOPE OF PROPOSED ASSESSMENTS

The proposed scope of work for assessment activities will take piace in two phases. The first phase
(Phase 1) will consist of performing a soil and groundwater assessment using direct push technology
(DPT), such as a geoprobe, to install soil borings. This technique will be used to delineate the horizontal
and vertical extent of vadose zone soil contamination. In conjunction with the DPT soil boring installation,
Organic Vapor Analyzer (OVA) screening will be performed on the soil samples and a mobile laboratory
will be utilized to screen soil and groundwater samples for benzene, toluene, ethyl-benzene, xylenes
(BTEX), and Diesel Range Organics (DRO). The soil and groundwater data will be used to determine the
optimum location and number of permanent monitoring wells. Three soil borings at each site will be
converted to piezometers where necessary to determine groundwater flow direction. The piezometers will
be field surveyed to obtain relative top of casing (TOC) elevations. Data coliected from the piezometers
will aid in the placement of permanent monitoring wells. Additionally, some piezometers may be used to
provide source area groundwater data at those sites where utilities prevent the installation of a
conventional monitoring well.

The second phase (Phase 2) will involve permanent well installation, sampling and surveying of monitoring
wells, pump tests and tidal studies. The placement of the monitoring wells will be based on ground water
flow gradients and water quality data coliected during the Phase 1 field investigation. If any existing site
monitoring wells are screened in the surficial aquifer, groundwater from these wells will also be sampled
during Phase 2. Specific capacity tests will be performed on three shallow monitoring wells, and a tidal

survey will be conducted to measure tidal influence on the water table at the site locality.

In accordance with the “Rapid Assessment” guidance, a South Carolina registered surveyor will survey
each site after the Phase Il investigation activities have been completed. The survey will include: the
locations of all structures, aboveground and underground utilities, potential receptors, and existing or

former underground storage tanks and associated piping.
41 SOIL INVESTIGATION

The soil vapor assessment will be conducted using DPT. This method of drilling is preferred due to the
subsurface lithology, which is predominantly silts and silty sands, the presence of a shallow water table,
and to minimize the amount of investigation derived waste generated during boring activities. The

rationale for soil boring locations will be based on the results of the tank closure reports for each site.

TTNUS/TAL-99-018/0164/2.1 4-1 CTO 0093
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Soil samples will be collected continuously from the ground surface to the water table. Soil samples will
be collected using either a 2-foot or 4-foot sampler with plastic liners. Vadose zone soils will be screened
for vapors with an OVA, using the headspace analysis method. The soil borings will be advanced until the
water table is encountered. It is anticipated that groundwater will be encountered within 3 to 6 feet of the
ground surface. Prior to beginning each bore hole, the drilling crew will hand auger or post hole from the
surface to four feet bls to ensure that no underground utilities are present. Soil borings will initially be
advanced on a 10 by 10-foot grid until the areal extent of soil contamination is determined. An average of
20 soil borings per site is anticipated. One soil boring from each site will be advanced to a depth of
approximately 30 feet bls to characterize the site geology. Soil samples for lithologic description will be
coliected continuously from this boring to determine if a confining unit is present at the site. The number

and spacing of the soil borings will be adjusted in the field as necessary based on field screening data and
site conditions.

Each soil boring will be abandoned by grouting the annulus to land surface with Type 1 Portiand Cement.
Boring locations drilled through asphalt or concrete will be completed with similar material and finished
flush to existing grade. All soil samples obtained from the borehole will be screened with an OVA and
then used for lithologic and/or chemical analysis as described in Section 5.1 of this plan.

A lithologic description will be made of each sample collected. The site geologist will maintain a
completed log of each boring in accordance with Standard Operating Procedure (SOP) GH 1.5 included in

Appendix B. At a minimum, the boring log will contain the following information:

¢ Sample Numbers and Types

e Sample Depths

* Sample Recovery/Sample Interval
¢ Soil Density or Cohesiveness

¢ Soil Color

* Unified Soil Classification System (USCS) Material Description

In addition, depths of changes in lithology, sample moisture observations, depth to water, OVA readings,
drilling methods, and total depth of each borehole should be included on each log, as well as any other
pertinent observations.

TTNUS/TAL-99-018/0164/2.1 4-2 CTO 0083
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4.2 GROUNDWATER FIELD SCREENING FOR BTEX AND DIESEL RANGE ORGANICS (DRO)
AND PIEZOMETER INSTALLATIONS

During the Phase 1 soil vapor survey, a groundwater sample will be collected from the termination of each
soil boring for on-site analysis. The samples will be collected using a peristaltic pump. The samples will
be placed into appropriate sample bottles and immediately analyzed for BTEX and DRO constituents
using a mobile laboratory equipped with a gas chromatograph (GC). The DPT method of collecting
groundwater samples is the preferred method for field screening groundwater because many groundwater
samples can be collected over a short period of time without installing temporary and/or permanent

monitoring wells.

At each site, three borings installed during the soil vapor survey will be converted into piezometers and
completed with a screened monitoring interval that intersects the water table. Relative groundwater
elevations will be determined from static water level measurements coliected from the piezometers. The
groundwater elevation data will be used to determine the groundwater flow direction across the site. The
locations of the piezometers will be determined in the field.

The results from the preliminary investigation will be tabulated and plotted. The summarized data will be
sent to the Navy and SCDHEC for review. After the data has been reviewed, a conference call will be
scheduled to discuss the preliminary data and reach consensus on the optimum number and placement of
permanent monitoring wells.

4.3 GROUNDWATER INVESTIGATION

Monitoring wells will be installed at each site to delineate the horizontal and vertical extent of dissolved
hydrocarbons. The installation of the monitoring wells will be completed during the Phase 2 field
investigation. The proposed monitoring well locations will be determined based on field screening data
obtained during the DPT investigation and the groundwater flow gradient across the site. The Navy and
SCDHEC will be contacted to discuss the locations of the proposed monitoring wells prior to mobilizing for
Phase 2 activities. The anticipated number of monitoring wells required for each site are included in the

Rapid Assessment Plans provided in Appendix A.

4.31 Monitoring Well Installation

All permanent monitoring wells will be installed in accordance with the South Carolina Well Standards and

Regulations, as well as the Monitoring Well Design, Installation, Construction and Development Guidelines

TTNUS/TAL-99-018/0164/2.1 4-3 CTO 0093
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(March 27, 1997) provided by SOUTHDIV. Permanent shallow monitoring wells will be installed using
hollow stem auger drilling techniques. Vertical extent wells will be installed using a combination of holiow
stem auger and mud rotary drilling methods. These wells will be used to monitor water quality and
evaluate the horizontal and vertical extent of contamination. Monitoring wells will be constructed of 2-inch
inside diameter (ID), Schedule 40, flush-joint PVC riser and flush-joint factory slotted well screen. Each
section of casing and screen shall be National Sanitation Foundation (NSF) approved. The screen slot
size shall be 0.01 inch. Shallow monitoring wells will be constructed with a 10 foot screened interval
positioned with approximately 4 feet of screen above the water table. The vertical extent monitoring wells
will be constructed with a 5 foot screened interval positioned approximately 15 to 20 feet below the bottom
of the shallow wells. Vertical extent monitoring wells will only be installed at those sites where

groundwater screening data indicate the presence of petroleum contamination.

Pilot borings for each monitoring well will be at least 6-inches in diameter to accommodate the monitoring
well, filter pack, and seal. After the pilot borings are advanced to the desired depth, the monitoring well
will be installed through the augers. Clean silica sand of U.S. Standard Sieve Size No. 20/30 will be
installed into the boring annulus around the well screen using tremie pipe as the augers are withdrawn
from the boring. This filter pack will be set from the bottom of the hole to approximately 1-foot above the
top of the well screen. At shallow monitoring well locations, the seal will be comprised of a U.S. Standard
Sieve Size No. 30/65 silica sand. The seal for vertical extent monitoring wells will be composed of
bentonite pellets. The thickness of all seals will be 0.5 to 1 foot and the bentonite seal will be allowed to
hydrate prior to completing the monitoring well. The remainder of the boring anulus will be backfilled with
a Type | Portland cement/bentonite grout. The depths of all backfill materials will be constantly monitored
during the well installation process by means of a weighted stainless steel or fiberglass tape. The position
of the top of the screen interval, sand pack and bentonite seal may be adjusted as site conditions warrant
(elevated water table, etc.)

Flush mounted steel well covers and manholes will be installed around each monitoring well. The
manhole will consist of flush mounted 22-gauge steel, water resistant, welded box with 3/8-inch steel lid.
A 2-foot by 2-foot by 6-inch thick concrete apron will be constructed around the manhole. The manhole
shall be completed 1 inch above existing grade and the apron tapered to be flush with the existing grade
at the edges such that water will run off of the apron. A detail of a typical flush-mounted weli is provided
as Figure 4-1. All locks supplied for the wells will be keyed alike.

Once monitoring well installation has been completed; the ground surface, the top of casing (TOC),
structures, and other pertinent site features will be surveyed for location and elevation. Monitoring well

TOC and ground surface will be measured within 0.01-foot vertical accuracy using datum points as

TTNUS/TAL-99-018/0164/2.1 4-4 CTO 0093
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discussed previously in Section 4.0. A monitoring well construction diagram will be completed for each
well installed. A sample of the monitoring well construction form is provided in Appendix B. Each
monitoring well will be developed no sooner than 24 hours after installation to remove fine material from
around the monitored interval of the well. Wells will be developed using a pumping method approved by
the fieid geologist. All wells will be developed for up to one hour until development water is free of

sediment and visibly clear. If necessary development will continue until a maximum of 10 well volumes
have been removed.

For deeper monitoring well installations that will potentially pass through contaminated zones or confining
layers, an outer casing will be installed to prevent cross contamination of deeper aquifers. The outer
casing will be installed using hollow stem auger drilling techniques to advance the boring through the
surficial aquifer. Upon completion of the boring the casing will be set to the desired depth and the annular
space tremie grouted from total depth to the surface. After allowing the grout to cure for a minimum of 24
hours, the mud rotary drilling method will be used to drill through the outer casing to install the inner casing
to the desired depth of the well. Deep monitoring well construction details will be similar to shatlow wells

except that the deep wells will be completed with a screened interval of 5 feet.

4.3.2 Permanent Piezometer Installation

Permanent piezometers will be constructed with 1.25-inch ID schedule 40 PVC riser and 10 feet of 0.01-
inch slotted screen. Each screened section will be pre-packed with a 20/30 silica sand filter pack. This
filter pack will extend a minimum of 2 feet above the screened section.* A fine sand seal will be placed
above the filter pack and the remaining borehole annulus will be grouted to the surface. A surface
completion similar to the permanent monitoring well completions described above will be placed on each

permanent piezometer. No surface completions will be placed on piezometers located outside of
suspected source areas.

Permanent piezometers will be developed, purged, and sampled using the exact same methods described
in Section 4.3.1.

4.3.3 Groundwater Sampling

Groundwater samples will be obtained from the newly installed monitoring wells, any previously existing
monitoring wells with screened intervals within the surficial aquifer, and from piezometers where
necessary. All monitoring wells will be sampled in accordance with SCDHEC's January 1998 guidance
document "South Carolina Risk-Based Corrective Action for Petroleum Releases”. Prior to obtaining

TTNUS/TAL-99-018/0164/2.1 4-6 CTO 0093
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groundwater samples, groundwater levels, product thickness, and total well depths will be measured. The
presence and thickness of product will be determined with a clear bailer or an oil water interface probe.

No samples will be collected from a well that exhibits measurable free product.

Immediately prior to groundwater sampling, each monitoring the well will be purged with a peristaltic pump
using the low flow quiescent purging technique. A total of three to five well volumes will be purged from
each well. If a monitoring well is purged dry before three well volumes have been removed, the water

level in the well will be allowed to recover at least 80 percent prior to sample collection.

All groundwater samples, except volatiles, will be obtained with a peristaltic pump. Volatiles will be
collected using the “gravity flow” method (directly from tubing using thumb or finger to hold the water in the
tubing). The samples will be transferred directly into the appropriate (pre-preserved) sample bottles for
analysis. Samples to be analyzed for volatile constituents shall be taken first and immediately sealed in a

vial so that no headspace exists. The sample constituents to be analyzed are summarized in Table 4-1.
Groundwater samples will also be collected from three select monitoring wells per site for field screening
for dissolved oxygen and ferrous iron, and laboratory analysis for nitrate, sulfate, and methane. These

parameters will be used to evaluate the sites potential for natural attenuation (intrinsic bioremediation).

All pertinent field and sampling data shall be recorded using a groundwater sample form, attached in
Appendix B.

434 Groundwater L evel Measurements

Synoptic water level measurements will be taken from alt monitoring wells at-each site. Static water level
measurements will be measured from the northern rim of the top of the PVC riser pipe using an electronic
water level indicator. The newly installed wells shall be notched or marked so that the same point will be
referenced for all measurements. The depth to water will be measured to the nearest 0.01 foot below the
top of the PVC riser pipe. Three consecutive water level readings wiil be recorded from the well to the
nearest 0.01-foot to assure an accurate water level is recorded. Water level measurements will be
recorded to the nearest 0.01-foot in the appropriate field logbook.

TTNUS/TAL-99-018/0164/2.1 4-7 CTO 0093



FIELD INVESTIGATION
ENVIRONMENTAL SAMPLE SUMMARY/INVESTIGATIVE DERIVED WASTE (IDW)

TABLE 41

CHARACTERIZATION AND ANALYSES
CHARLESTON NAVAL COMPLEX, ZONE C
CHARLESTON, SOUTH CAROLINA

3/5/99

Analyte Proposed Env. DWW Duplicates Rinsate Field Trip Total
Method (1) Samples Samples Blanks Blank Blanks Samples
{3) 4) (Aqueous) | {Aqueous) | (Aqueous)
GROUNDWATER
BTEX, EDB, MTBE & | SW-846 8260 90 6 6 0 6 12 120
Naphthalene
PAH SW-846 8270 90 6 6 0 6 0 108
Sulfate EPA 375.3 18 0 2 0 0 0 20
Nitrate EPA 352.1 18 0 2 0 0 0 20
Dissolved Methane RSK SOPs 18 0 2 0 0 0 20
147 and 175
SOIL

BTEX & Naphthalene | SW-846 82608 42 6 6 [ 0 0 60
PAH SW-846 8270C 42 6 6 6 0 0 60
TPH SW-846 9071A 12 6 6 6 0 0 30
FOC ASTM 2974-87 6 0 Q 0 0 0 6
TOC EPA 415.1 6 0 0 0 0 1] €
Grain ASTM D422 12 0 0 4] 0 [] 12
size/Hydrometer
Encore Samplers SW-B46 5071A 168 0 0 0 0 0 168

BTEX - benzene, ethyl benzene, toluene, and total xylenes
MTBE - methyl tert butyl ether
PAH - polynuclear aromatic hydrocarbons
TPH - total petroleum hydrocarbons
FOC - fraction organic carbon

TOC - total organic carbon

(1)

Methods referenced reflect SCDHEC requirements set forth in Tables 3 and 4 of the reference document

“Analytical Methodology for Groundwater and Soil Assessment Guidelines.” Methods further referenced in
Table 1 of the SCDHEC Rapid Assessment guidelines.

o4

six sites and a second round of sampling at four sites.

@

every 10 drums of material produced from the six sites.

All analyses are analyzed using standard 30-day laboratory tum around time.

TTNUS/TAL-99-018/0164/2.1
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Environmental sample numbers are based on collecting one complete round of groundwater samples from all

IDW sample numbers based upon collection of one composite soil sample and one composite liquid sample for
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44 AQUIFER TESTS

TtNUS will perform a specific capacity pumping test on selected shallow monitoring wells within Zone C.
Each specific capacity test will be performed by pumping the well at a constant rate and measuring
drawdown in the pumping well until the drawdown has stabilized. Static water levels in the pumped well
will be measured using an electronic data logger. Specific capacity of the aquifer will be calculated from
the test data and the aquifer transmissivity value estimated using methodology described by Kasenow and

Pare, 1995. A hydraulic conductivity value will be estimated based on the aquifer transmissivity value and
estimated aquifer thickness.

A tidal influence survey will also be conducted to assess if tidal fluctuations are apparent in the study area.
Static water levels will be measured in three selected wells within the study area during a 24-hour period

(or one complete tide cycle) using an electronic data logger.

4.5 EQUIPMENT DECONTAMINATION

The equipment involved in field sampling activities will be decontaminated prior to and during drilling and
sampling activities. This equipment includes drill rigs, downhole tools, augers, well casing and screens,
and soil and water sampling equipment.

451 Major Equipment

All downhole drilling equipment used in the construction and sampling of permanent monitoring wells,
including downhole drill anid sampling tools shall be steam cleaned. Equipment shall be cleaned prior to
beginning work, between boreholes, any time the drill rig leaves the drill site before completing a boring,
and at the conclusion of the drill program.

These decontamination operations will consist of washing equipment using a high-pressure steam wash
from a potable water supply and Alconox. Then the equipment will be rinsed with tap water. All
decontamination activities will take place at a predetermined location. Additional requirements for driiling
equipment decontamination can be found in SOP SA-7.1 included in Appendix B.
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4.5.2 Sampling Equipment

All equipment such as trowels, bailers, and split spoon samplers used for collecting samples will be

decontaminated prior to beginning field sampling and between sample locations. The following
decontamination steps will be taken:

* Tap water and Alconox or Liquinox detergent rinse.
e Tap water rinse.

* Rinse thoroughly with de-ionized, analyte-free water.
e Rinse with isopropanol

+ Rinse thoroughly with de-ionized, analyte-free water

e Air dry and wrap equipment in aluminum foil until use.

Field meters such as pH, conductivity and temperature instrument probes will be rinsed first with tap

water, then with de-ionized, analyte-free water, and finally with the sample liquid.

4.6 WASTE HANDLING

Drilling cuttings from monitoring well installations, development water, and purge water will be collected
and containerized in DOT approved (Specification 17C) 55-gallon drums. Each drum will be sealed,
labeled, and stored at a drum staging area pending groundwater analytical results and/or composite waste
sample results for disposal. A waste staging area(s) will be established and used to store investigation
derived waste generated during the site investigation. A lined decontamination pad will be constructed
and used to collect water and soil generated while steam cleaning drilling equipment. All fluids and soil

generated during the site investigation will be containerized for proper disposal.

4.7 SAMPLE HANDLING

Sample handiing includes the selection of sample containers, preservatives, aliowable holding times, and
analysis requested. In addition, sample identification, packaging, and shipping will be addressed. All
sample handling procedures will be in accordance with SCDHEC and EPA Region IV requirements. A

summary of bottle ware requirements, preservation requirements, and sample holding times is provided in
Table 4-2.
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SUMMARY OF ANALYSES, BOTTLEWARE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES
CHARLESTON NAVAL COMPLEX, ZONE C

CHARLESTON, SOUTH CAROLINA

Parameter Analytical Method Sample Container Sample Preservation | Maximum Holding Time
Container Volume : (1)

Aqueous Samples
BTEX and MTBE SW-846 82608 or Glass Vial 2x40 mL Add HCL to pH >2; 14 days

USEPA 601/602 storeat4° C
PAHs and Naphthalenes SW-846 8270C or Amber Glass | 1L Storeat4° C 7 days — extraction,

. USEPA 610 14 days - analysis

Lead (Total and dissolved) | SW-846 6010B (Trace | High Density | 1L Add HNO, to pH >2; 180 days

ICP) or USEPA 239.2 Polyethylene store at4° C
Total Petroleum SW-846 9071A Glass 1L Add H,SO, to pH >2; 28 days
Hydrocarbons store at 4°C
Anions (Nitrate, Nitrite, and | EPA 300.0 Glass 250 mL Store at4° C Nitrate: 48 hours
Sulfate) Others: 28 days
Dissolved Methane RSK SOPs 147 and Glass 1L Store at4° C 28 days

175

BTEX - benzene, toluene, ethylbenzene and xylenes

MTBE ~ methy! tert buty! ether

PAHs — polynuclear aromatic hydrocarbons
ICP - inductively coupled plasma

HCL - hydrochloric acid
H,S0, — sulfuric acid
C - celcius

(1) Holding time is measured from date of sample collection to date of sample extraction or analysis.

TTNUS/TAL-99-018/0164/2.1
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TABLE 4-2
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SUMMARY OF ANALYSES, BOTTLEWARE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES
CHARLESTON NAVAL COMPLEX, ZONE C

CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 2

Parameter Analytical Method Sample Container Sample Preservation | Maximum Holding Time

Container Volume (1) )
Soil Samples
BTEX SW-846 8260B Encore 4 x 5 gram Store at 4° C (lab does | 48 hours — preservation

Sampler additional preservation) | 14 days - analysis
PAHs and Naphthalenes SW-846 8270C Glass, wide | 8oz Store at4°C 7 days — extraction,

mouth 40 days - analysis
Trace Metals SW-846 6010B (Trace | High Density | 8 oz Store at4° C 180 days

ICP) Polyethylene
Total Petroleum SW-846 9071A Glass, wide 40z Store at4° C 28 days
Hydrocarbons : mouth
Total Organic Carbon EPA 415.1 modified for | Glass, wide 402z Store at4° C 28 days
soil mouth
Grain size distribution ASTM D422 Glass, wide 8oz Store at4°C None
including hydrometer mouth
BTEX — benzene, toluene, ethylbenzene and xylenes
MTBE — methyi tert butyl ether
PAHs - polynuclear aromatic hydrocarbons
ICP - inductively coupled plasma
C - celcius
(1) Holding time is measured from date of sample collection to date of sample extraction or analysis.
CTO 0093
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48 SOIL BORING, MONITORING WELL, AND SAMPLE IDENTIFICATION
Each soil boring, monitoring well, soil sample, and groundwater sample will be assigned a unique
identification number. The following text describes how these numbers are generated and explains the

information each number contains.

4.81 Base and Site Designations

The base designation for the Charleston Naval Complex is CNC. Site designations are listed in Section
3.0 of this document.

4.8.2 Soil Boring Identification

Soil boring identification humbers are broken down into three pieces of information: (1) the base identifier,
CNC in this case, (2) the site designation, and (3) the discriminator “B” and a consecutive numerical value.
Thus, the soil boring identification number for the third soil boring installed at Site 5 would be CNC05-B03.

48.3 Piezometer and Monitoring Well identification

Piezometer and monitoring well identification numbers will be similar to soil boring identification numbers,
except that they use a “P" or an "M" as discriminators. For example, the first piezometer installed at Site
2 would be called CNC02-P01. The fifth monitoring well installed at Site 11 would be designated CNC11-
MO5.

48.4 Soil and Groundwater Sample ldentification

A sample tracking number will consist of a five- to six-segment, alphanumeric code that identifies the Site
number, sample medium, data type, location, the sampling event or sample depth (in case of soil samples)
and the QC designation. The QC designation is only used if applicable. Any other pertinent information
regarding sample identification will be recorded in the field logbook.

The alphanumeric coding to be used in the sample system and examples of possible sample identification

numbers follow:

NN - Site Number
A - Medium
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A - Data Type
ANN - Location
NN - Sampling Event or Sample Depth
NNN(N) - QC Designation (if applicable)
Character Type:
A= Alpha
N = Numeric
Medium:
G = Groundwater A = Air
W = Surface Water E = Effluent
S = Soil D = Sediment
E = Equipment Rinsate F = Field Blank
T = Trip Blank X = Other
Data Types:

L = Laboratory Analytical Data
F = Field Laboratory Data
S = Field Screening Data

QC Identifier:
D = Duplicate Sample
M = Matrix Spike Sample
S = Matrix Spike Duplicate

Example 1: The analytical soil sample collected from CNC01-BO1 at 4 to & feet bls would be called
01SLB0104 and its duplicate would be 01SLB0104D.

Example 2: The field laboratory groundwater sample collected from CNCO01-B01 at 7 feet bls would be
called 01GFB0107.

Example 3: The analytical groundwater sample collected from CNC01-P01 during the first sampling event
would be called 01GLP0101. The sample collected during the next event would be 01GLP0102.
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Example 4: The analytical groundwater sample and matrix spike collected from CNC01-M01 during the
first sampling event would be called 01GLM0101 and 01GLMO101M.

Example 5: The analytical trip blank for the 1* sampling event at Site 1 would be called 01TL00101, the
second trip blank during the same event would be 017L00201. The first trip blank coliected for the second
event would be 01TL00102.

Information regarding sample labels to be attached before shipment to a laboratory is contained in SOP
SA-6.3 included in Appendix B. Examples of sample iabels, chain of custody seals, and chain-of-custody
forms are included in Appendix B.

4.9 SAMPLE PACKAGING AND SHIPPING

Samples will be packaged and shipped in accordance with SCDHEC and EPA Region IV requirements.
The Field Operations Leader will be responsible for completion of the following forms when samples are
collected for shipping.

s Sample labels

¢ Chain-of-Custody labels

s Appropriate labels applied to shipping coolers
e Chain-of Custody Forms

e Federal Express Air Bills

4.10 SAMPLE CUSTODY

The chain-of-custody begins with the release of the sample bottles from the laboratory and must be
documented and maintained from that point forward. To maintain custody of the sample botties or
samples, they must be in someone's physical possession, in a locked room or vehicle, or sealed with an
intact custody seal. When the possession of the bottles or samples is transferred from one person to
another it will be documented on the field logbook and on the chain-of-custody. An example of a chain-of-
custody record is provided in Appendix B.
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4.1 QUALITY CONTROL (QC) SAMPLES

In addition to periodic calibration of field equipment and appropriate documentation, quality control
samples will be collected or generated during environmental sampling activities. Quality control samples

include field blanks, field duplicates and trip blanks. Each type of field quality control sample is defined as
follows:

Rinsate Blank - Rinsate equipment blanks are obtained under representative field conditions by running
organic free water through decontaminated sample collection equipment (bailer, split-spoon, etc.) and
placing it in the appropriate containers for analysis. Rinsate blanks will be used to assess the
effectiveness of decontamination procedures. Rinsate blanks will be collected for each type of non-

dedicated sampling equipment used and will be submitted as shown in Table 4-1.

Field Blanks - Field blanks are source water sample collected to ensure that the water used to

decontaminate sampling equipment is free of contaminants. Typically a field blank is collected at the

beginning and end of a sampling event. The field blanks will be analyzed for the parameters listed in
Table 4-1.

Trip Blanks - Trip blank(s) will be prepared at the laboratory facility and will accompany the VOA vials to
the sampling site and back to the laboratory. Trip blank sample frequencies are provided in Table 4-3.

TABLE 4-3
SUMMARY OF QC SAMPLES

CHARLESTON NAVAL COMPLEX, ZONEC
CHARLESTON, SOUTH CAROLINA

Number of

Precleaned

Field cleaned Duplicate Trip Blanks Field
Samples Equipment Equipment Samples (VOC only) Blanks
Blank Blank
10 or more 1 for every 20 | 1 for every 20 1 for every 10 1 per VOC 2
samples (5%) | samples (5%) samples (10%) cooler
5t09 1 1* 1 1 per VOC 1
cooler
Lessthan5 | 1* 1* NR 1 pervOC NR
cooler

NR = Not required
VOC = volatile organic compounds

* Note: For 9 or fewer samples, a precleaned equipment blank or a field cleaned equipment blank
is required. A field cleaned equipment blank must be collected if equipment is cleaned in
the field.
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QA/QC samples such as rinsate blanks, source blanks, and trip blanks will have the following site
identifers: ZG for Zone G samples, ZF for Zone F samples, and ZB for Zone B samples (for example

ZGRL00201 would be the second rinsate sample collected at Zone G during the 1 round of sampling).

4.12 FIELD MEASUREMENTS

Certain field measurements will be recorded during sampling activities including groundwater temperature,
pH, specific conductance, and turbidity. Instruments used in the field to record this data and additional

instruments will be calibrated according to the procedures described below.

4121 Parameters
. Air monitoring - OVA
. Temperature - Temperature probe
. Specific conductance - Specific conductance meter
. pH - pH meter
. Turbidity - Turbidity meter
. Depth to water table - interface probe
4.12.2 Equipment Calibration

The electronic water-level indicator will be calibrated prior to mobilization and periodically at the discretion
of the Field Operations Leader. The remaining instruments will be calibrated daily and/or according to the
manufacturer's operation manual.

Calibration will be documented on an Equipment Calibration Log as shown in Appendix B. During
calibration, an appropriate maintenance check will be performed on each piece of equipment. If damaged
or defective parts are identified during the maintenance check and it is determined that the damage could
have an impact on the instrument's performance, the instrument will be removed from service until

defective parts are repaired or replaced.
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4123 Equipment Maintenance

Measuring equipment used in environmental monitoring or analysis and test equipment used for
calibration and maintenance shall be controlled by established procedures. Measuring equipment shall

have an initial calibration and shall be recalibrated at scheduled intervals against certified standards.
TtNUS maintains a large inventory of sampling and measurement equipment. In the event that failed
equipment cannot be repaired replacement equipment can be shipped to the site by overnight express
carrier to minimize downtime.

4.13 FIELD QA/QC PROGRAM

4.13.1 Control Parameters

Field control parameters and limits, which address various field blanks and duplicate samples, are

described in Section 4.10 QC Samples. Control checks and sampling frequency are also presented in
Section 4.10.

413.2 Control Limits

QA/QC specifications for field measurements are summarized on Table 4-4. This table shows control

parameters to be assessed, control limits, and corrective actions to be implemented.

The TtNUS representative on site will confirm measurements of total depth of borings and wells,
dimensions and placement of well screens and casings, and volume and placement of filtter pack and
grout materials by independent measurement. The Field Operations Leader will examine field laboratory

records and field logbooks on a weekly basis during field activities.

4.13.3 Corrective Actions

The need for corrective actions may become apparent during surveillance of field activities, procurement

of services and supplies, or other operations that may affect the quality of work. The identification of
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FIELD QA/QC SPECIFICATIONS
CHARLESTON NAVAL COMPLEX, ZONE C
CHARLESTON, SOUTH CAROLINA
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check of pH 7.0 buffer

Analysis Control Parameter Control Limit Corrective Action
Air monitoring using an | Daily check of Calibration to Recalibrate. If unable
OVA equipped with a calibration of FID manufacturer's to calibrate, replace.
FID specifications
pH of groundwater Continuing calibration pH=7.0+0.1 Recalibrate. If unable to

calibrate, replace

solutions

electrode.
Specific conductance Continuing calibration 1 1% of standard Recalibrate.
of groundwater check of standard
solution
Turbidity of Continuing calibration 1 1% of standard Recalibrate.
groundwater check of standard

Temperature of
groundwater

Check against NIST
precision thermometer

+ 0.1°C at two different
temperatures

Reset in accordance
with manufacturer's
specifications; dispose
of inaccurate
thermometer.

OVA - organic vapor analyzer
FID — flame ionization detector

NIST - National Institute of Standards and Technology

significant conditions adverse to quality, the cause of the conditions, and the corrective actions shall be
documented and reported to the appropriate levels of management. The TtNUS Project Manager will

have overall responsibility for implementing corrective actions.

The corrective action program covers the analysis of the cause of any negative findings and the corrective
actions required. This program includes the investigation of significant or repetitious unsatisfactory
conditions relating to the quality of sampling, or the failure to implement and adhere to required quality
assurance practices such as Standard Operating Procedures.

4.14 RECORD KEEPING

In addition to chain-of-custody records associated with sample handling and packaging and shipping,

certain standard forms will be completed for sample description and documentation. These shall include
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sample log sheets (for soil and groundwater samples), daily activities record and logbooks. An example of
these forms can be found in Appendix B.

Each sampling event leader shall maintain a bound/weatherproof field notebook. The field team leader or
designee, shall record all information related to sampling or field activities. This information may include
sampling time, weather conditions, unusual events (e.g., well tampering), field measurements,
descriptions of photographs, etc.

The Field Operations Leader shall maintain a site logbook. The requirements of the logbook are
referenced in Appendix B. This book will contain a summary of the day’s activities and will reference the
field notebooks when applicable.

Each field team leader who is supervising a drilling subcontractor activity must complete a Daily Activities
Record (DAR). The DAR documents the activities and progress of the daily driiling activities. The
information contained within this report is used for billing verification and progress reports. The driller's
signature is required at the end of each working day to verify work accomplished, hours worked, standby

time and material used. An example of this form is provided in Appendix B.

At the completion of field activities, the Field Operations Leader shall submit to the Project Manager all
field records, data, field notebooks, logbooks, chain-of-custody receipts, sample log sheets, drilling logs,
daily logs, etc.

415 SITE MANAGEMENT AND BASE SUPPORT

TtNUS will perform this project with support from the Navy. This section of the Work Plan describes the

project contacts, support personnel, project milestones and time frames of all major events.

Throughout the duration of the investigation activities, work at the CNC will be coordinated through
SouthDiv and CNC personnel. The primary contacts are as follows:

1. SouthDiv Engineer in Charge

Mr. Gabriel Magwood
(843) 820-7307
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2. Charleston Naval Complex
Mr. Gabriel Magwood
(843) 820-7307

4151 Support From SouthDiv and CNC

SouthDiv or CNC personnel will provide the following support functions:

. Provide existing engineering plans, drawings, diagram, files, etc., to facilitate evaluation
of the sites under investigation.
. Provide all historical data, background geologic and hydrogeologic information, and

initial site investigation documents.

. A secure staging area (approximately 1,000 square feet) for storing equipment and
supplies.
. A supply (e.g., fire hydrant, stand pipe, etc.) of large quantities of potable water

for equipment cleaning etc.

4.15.2 Support From TtINUS

The project will be staffed with personnel from the TtNUS' Tallahassee, Florida office. Other TtNUS
offices will provide support, as needed. During field activities, TtNUS will provide a senior level geologist

and/or staff geologist, and equipment technician.

Mr. Paul Calligan, P.G., is the Task Order Manager (TOM) for CTO 0093 and will be the primary point of
contact. He is responsible for cost and schedule control as well as technical performance. Mr. Calligan is
a Licensed Professional Geologist and will serve as the TOM and will provide senior level review and
oversight during field activities. Mr. Caliigan will be the primary point of contact for the Field Operations
Leader.
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4.15.3 Contingency Plan

in the event of problems, which may be encountered during site activities, the SouthDiv point of contact
will be notified immediately, followed by the TtNUS project manager. The project manager will determine
a course of action that does not interfere with the schedule or budget. Ali contingency plans will be
approved through the SouthDiv point of contact before being enacted.
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5.0 PROPOSED LABORATORY ANALYSIS

Soil samples for laboratory analysis will be collected from borings conducted during the soit hydrocarbon
vapor assessment (Phase | field investigation). Groundwater samples for laboratory analysis will be
collected from newly installed monitoring wells (Phase 2 field investigation). Soil samples will be éollected
in accordance with EPA Method 5035 prescribed by SW-846 Update 1ll. The groundwater and soil
samples will be analyzed in accordance with SCDHEC's January 1998 guidance document, “South
Carolina Risk-Based Corrective Action for Petroleum Releases”. The specific sampling requirements for
soil and groundwater are provided below. A summary of the sample parameters and EPA methods is

provided in Table 4-1.
51 SOIL INVESTIGATION

At each site, soil samples will be collected from select soil borings installed around the tank(s) and piping
for submittal to a laboratory for analysis. Samples collected for laboratory analysis will be collected from
the interval with the highest BTEX and/or DRO screening values observed above the water table. The
samples will be analyzed for BTEX, ethylene dibromide (EDB), total naphthalenes, polynuclear aromatic
hydrocarbons (PAHSs), and lead. One soil sample will also be collected from a background soil boring for
laboratory analysis for total organic carbon. In addition, soil samples will be collected from the soil boring
with the highest BTEX and/or DRO screening value as follows:

1. One soil sample will be collected from the terminus of the boring (above the groundwater table) for
laboratory analysis by the grain size/hydrometer method to determine the sand, silt and clay fractions
at 0.074 millimeters (#200) screen and 0.004 millimeters respectively.

2. One soil sample will be collected from the stratigraphic level exhibiting the highest BTEX and/or DRO
screening value (above the water table) for laboratory analysis for Total Petroleum Hydrocarbons.

In addition to the environmental soil analysis described above, soil samples will also be collected from the

investigative derived waste for submittal to a laboratory for analysis.

5.2 GROUNDWATER INVESTIGATION

Groundwater samples will be collected from each of the newly installed permanent monitoring wells for
submittal to a laboratory for analysis. The samples will be analyzed for BTEX, EDB, methyl tert butyl ether
(MTBE), total naphthalenes, PAHs, and total lead. Additionally, three monitoring wells from each site will

be sampled for the biological parameters ferrous iron, nitrate, and sulfate.
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6.0 PROPOSED SCHEDULE

Phase 1 of the fieldwork is proposed to begin in late April and take approximately 35 days to complete.
Phase 2 work is anticipated to begin in late May. Phase 2 of the field work will begin immediately upon
approval of the permanent monitoring well locations by SCDHEC and the Navy following review of Phase |
soil and groundwater quality data. Upon completion of Phase 2 field activities, RARs will be prepared and
submitted to the Navy for review within 60 days.

If CoC concentrations indicate that corrective action is warranted, a Corrective Action Plan (CAP) will be
developed upon approval of the RAR by SCDHEC. It is anticipated the CAP will be submitted to the Navy
for review approximately 60 days after SCDHEC approval of the RAR. The remedial technolagy

considered for site remediation will be determined based on the findings presented in the RAR.
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7.0 REPORT

Upon completion of all field work and laboratory analyses, a RAR summarizing the results of the
investigation will be submitted to SCDHEC. Basic UST system information including site facility name and
address, date closed, area, type of system and tank capacity will be provided. Data recorded during tank
removal will be included. Also included in the report will be graphical presentations of the soil and
groundwater screening results, and complete summaries of the soil and groundwater analytical results.
The locations of the soil samples and monitoring wells will be presented on scaled figures. Boring logs,
chain-of-custody forms, field forms, field screening results, and analytical reports will be included in

Appendices of the report.

The report will include a determination if remediation is required in accordance with SCDHEC's January
1998 guidance document “South Carolina Risk Based Corrective Action for Petroleum Releases”. If
remediation is deemed appropriate, a recommended remediation technique will be presented with an
implementation schedule. A Responsibility Assignment Matrix, and meeting with Remedial Action
Contractors (RACs) to discuss the results of the contamination assessment will be developed, scheduled,
and implemented.
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RAPID ASSESSMENT PLAN

SOUTH CAROLINA
Department of Health and Environmental Control
Bureau of Underground Storage Tank Management

Site ID # 01206 County CHARLESTON Facility Name ¢cn- UST NH46-5

Facility Address CHARLESTON NAVAL COMPLEX, ZONE C

Responsible party  y.s_ Nayy Address 2155 EAGLE DRIVE

No. USTs 1 removed? 22 sgpr 9g  feplaced? N- CHARLESTON, SC
(date) (date)

Current use of facility/property CHARLESTON NAVAL COMPLEX
Current property owner name U.S., NAVY

Current property owner addres$ o155 ragIE DRIVE, N.CHARLESTON, SC 29406

Field Screening Methodology

Specify the field screening methodology to be used. The use of field screenlng methods to
optimize the number and location of permanent wells is required.

DIRECT PUSH TECHNOLOGY WILL BE UTILIZED TO INSTALL MONITORING
POQINTS, SOIL AND GROUNDWATER WILL BE COLLECTED FROM EACH POINT
AND_ ANALYSED BY A MOBILE LABORATORY. THE MOBILE LABORATORY WILL
ANALYZE THE SAMPLES FOR BTEX AND DIESEL RANGE ORGANICS (DRO).
SOILS WILL ALSO BE SCREENED WITH AN ORGANIC VAPOR ANALYZER TO
ASSESS VADOSE ZONE SOILS FOR PETROLEUM VAPORS.

Permanent Monitoring wells (Estimate number and total completed depth)

# of shallow wells 7 total depth 20’

# of deep wells 1 total depth 40" (if necessary)
Comments, ¥ warranted

Analyses
Uist the analytical parameters (e.g., BTB(. MTBE) and estimated number.

GROUNDWATER SOIL
BTEX 8 . BTEX /
NAPHTHALENE 8 PAH 7
MTBE 8 TPH 2
PAH 8 ToCc/Foc 1
GRAIN SIZE 2
Implementation Schedule
Start up date Completion date

Report submittal date




RAPID ASSESSMENT PLAN

SOUTH CAROLINA
Department of Health and Environmental Control

Bureau of Underground Storage Tank Management

Site ID # 01206 Facility Name c¢Nc, UST NH46 -5

Site Maps )
1. Attach a copy of the relevant portion of the USGS topographic map showing the site location.

2. Prepare a site base map. This map must be accurately scaled, but does not need to be
surveyed. The map must include the following:

North Astow Legead witd [acility name and addrem, Site ID pumber, date, and & bar acale
Location of property lines Streets or highways (indicate names and numbers)
- Location of buildings Identification of located buildings
" Paved areas on or adjacent Lo site Locstion of sll present and (ormer ASTs and USTs
Previous soil sampling locations Underground and above grouod utililies on or adjacent to site
Previous itoring well bocati Location of siy other potential receptor
Aquifer Characterization (Check one and provide explanation for choice)

Pump Test Slug Tests
D . G _—
WILL PROVIDE GROUNDWATER FLOW DATA FOR ENTIRE ASSESSMENT AREA

Small Volume Disposal Type and Method

Soil INVESTIGATIVE DERIVED WASTE WILL BE CONTAINERIZED IN
55-GALLON DRUMS AND REMAIN AT A STAGING AREA UNTIL CHEMICAL
ANALYSIS IS COMPLETE, AFTER ANALYSIS, THE DRUMS WILL BE
' TRANSFERRED TO THE ENVIRONMENTAL DETACHMENT CHARLESTON

Purge Water FOR DISPOSAL

Additional Comments

RAP XW2359)



L9 N . ‘. _
| 4 0 il e .
: . . ‘. T
US NAVAL m 6|5',and ' |
RESERVATION S ) .
SPOIL AREA \ .

OA
mm BY 8/1 'Js
OHECKED BY

OATE

COST/SCHED - AREA

1 'O

SCALE
AS NOTED

MAP DATE
TOPOGRAPHIC

o
>
B







Rapid Assessment Plan
UST NH46-1, NH46-2, NH46-3, NH46-4
Site ID #17755



RAPID ASSESSMENT PLAN

SOUTH CAROLINA
Depantment of Heaith and Environmental Control
Bureau of Underground Storage Tank Management

Site 1D # 17755 County CHARLESTON Facility Name cnc UsT NH46-1,2,

Facility Address CHARLESTON NAVAL COMPLEX, ZONE C 3&4

Responsible party U.S.NAVY Address 2155 EAGLE DRIVE

No. USTs 4 removed? 1s sppr gg  feplaced? N- CHARLESTON, SC
(date) (date)

Current use of facility/property _CHARILESTON NAVAL COMPLEX

Current property owner name U.S. NAVY

Current property owner addresS 51c¢ FaGIE DRIVE, N CHARLESTON, SC 29406

Field Screening Malhodology
Specity the field sceening methodology to be used. - The use of field screenlng methods to
optimize the number and location of permanent wells Is required.

DIRECT PUSH TECHNOLOGY WILL BE UTILIZED TO INSTALL MONITORING
POINTS, SOIL AND GROUNDWATER WILL BE COLLECTED FROM EACH POINT
. AND ANALYSED BY A MOBILE LABORATORY. THE MOBILE_LABORATORY WILL
ANALYZE THE SAMPLES FOR BTEX AND DIESEL RANGE ORGANICS (DRO).
SOILS WILL ALSO BE SCREENED WITH AN ORGANIC VAPOR ANALYZER TO

ASSESS VADOSE ZONE SOILS FOR PETROLEUM VAPORS.

Permanent Monitoring wells (Estimate number and total completed depth)

# of shallow wells 9 total depth 20"
# of deep wells 1 total depth 40' (it necessary)

Comments, if warranted

Analyses
List the analytical parameters (e.Q., BTB(.MTBE)mdosﬁmabdmvbor

GROUNDWATER SOIL
BTEX 10 BTEX '/
NAPHTHALENE 10 PAH 7
MTBE 10 TPH ¢
pag 10 Toc/Foe 1
GRAIN SIZE 2
implementation Schedule
Start up date Completion date

Report submittal date




RAFPID ASSESSMENT PLAN

SOUTH CAROLINA
Department of Health and Environmental Control

Bureau of Underground Storage Tank Management

Site ID # 17755 Facility Name cnC, UST NH46-1,2,384

Site Maps
1. Attach a copy of the relevant portion of the USGS topographic map showing the site location.

2. Prepare a site base map. This map must be accurately scaled, but does not need to be
surveyed. The map must include the following:

North Artow Legend with (acility name and sddrem, Site ID number, dale, and s bar acale
Location of property lines Strects o bighways (indi aatnes and bers)
Location of buildings 1dcatification of locsled buildings
" Paved areas on ar adjacent 10 site Lacation of all present and former ASTs and USTs
Previows soil ssmpling locations Ubderground and above ground utilities on ar adjsccot 10 site
Previous mositoring well locations Location of any other potential receptor
Aquifer Characterization {Check one and provide explanation for choice)

Pump Test X Siug Tests
WILL PROVIDE GROUNDWATER FLOW DATA FOR ENTIRE ASSESSMENT AREA

Small Volume Disposal Type and Method

Soill INVESTIGATIVE DERIVED WASTE WILL RE CONTAINERIZED IN
55-GALLON DRUMS AND REMAIN AT A STAGING AREA UNTIL CHEMICAL
ANALYSIS IS COMPLETE. AFTER ANALYSIS, THE DRUMS WILL BE

TRANSFERRED TO THE ENVIRONMENTAL DETACHMENT CHARLESTON

Purge Water FOR DISPOSAL

Additional Comments

RAPX0235)
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Rapid Assessment Plan
UST 760
Site ID #01118



RAPID ASSESSMENT PLAN -

SOUTH CAROLINA
Department ot Health and Environmental Control
Bureau of Underground Storage Tank Management

Site ID # 01118 County CHARLESTON Facilty Name cnc UST 760
Facility Address CHARLESTON NAVAL COMPLEX, ZONE C

Responsible party U.S.NAVY Address 2155 EAGLE DRIVE
No. USTs 1 removed? 29 may og  replaced? N- CHARLESTON, SC

(date) (date)
Current use of facility/property  cHARLESTON NAVAL COMPLEX

Current property owner name U.S. NAVY

Current property owner addresS 5355 paGlE DRIVE, N.CHARLESTON, SC 29406

Field Screening Methodology
Specify the field screening methodology to be used. The use of field screenlng methods to
optimize the number and location of permanent wells is required.

DIRECT PUSH TECHNOLOGY WILL BE UTILIZED TO INSTALL MONITORING
POINTS, SOIL AND GROUNDWATER WILL BE COLLECTED FROM EACH POINT
AND ANALYSED BY A MOBILE LABORATORY. THE MOBILE LABORATORY WILL
ANALYZE THE SAMPLES FOR BTEX AND DIESEL RANGE ORGANICS (DRO).
SOILS WILL ALSO BE SCREENED WITH AN ORGANIC VAPOR ANALYZER TO
ASSESS VADOSE ZONE SOILS FOR PETROLEUM VAPORS.

Permmanent Monitoring welis {Estimate number and total completed depth)
# of shallow wells 5 total depth 20°'

# of deep wells ] total depth 40' {if necessary)
Comments, ¥ warranted

Analyses
List the analytical parameters (e.g., BTEX.MTBE)mdesﬂmabdeor

GROUNDWATER SOIL
BTEX 6 BTEX 7
NAPHTHALENE 6 PAH 7
MTBE 6 TPy 2
PAH 6 Toc/rac 1
GRAIN SIZE 2
Iimplementation Schedule
Start up date Completion date

Report submittal date




RAPID ASSESSMENT PLAN

SOUTH CAROLINA
Department of Health and Environmenta! Control

Bureau of Underground Storage Tank Management

Site ID # 01118 Facility Name cNC, UST 760

Site Maps
1. Attach a copy of the relevant portion of the USGS topographic map showing the site location.

2. Prepare a site base map. This map must be accurately scaled, but does not need to be
surveyed. The map must include the following:

Nonb Arrow Legend with [acility name and sddress, Site 1D pumber, date, snd 3 bar acale
Location of property lines Suects oar highways (indicale names and bers) »
Location of buildings Identification of located buildings
" Pawed areas on or adjacent Lo site Locatioo of all present and former ASTs and USTs
Previous sail ssmpling locstions Underground and abowe ground utililies on or adjacent to site
Previous mooitoring well locations Locatioo of sny other potential receptor
Aquiter Characterization (Check one and provide explanation for choice)

Pump Test X Slug Tests
WILL PROVIDE GROUNDWATER FLOW DATA FOR ENTIRE ASSESSMENT AREA

Small Volume Disposal Type and Method

Soil INVESTIGATIVE DERIVED WASTE WILL BE CONTAINERIZED IN
55-GALLON DRUMS AND REMAIN AT A STAGING AREA UNTIL CHEMICAL
ANALYSIS IS COMPLETE. AFTER ANALYSIS, THE DRUMS WILL BE
' TRANSFERRED TO THE ENVIRONMENTAL DETACHMENT CHARLESTON

Purge Water FOR DISPOSAL

Additional Comments

RAP X U2999)
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Rapid Assessment Plan
UST 54
Site ID #12094



RAPID ASSESSMENT PLAN

SOUTH CAROLINA
Department of Heaith and Environmental Control
Buresu of Underground Storage Tank Management

Site ID # 12094 County CHARLESTON Facility Name cnc  usT 54

Facility Address CHARLESTON NAVAL COMPLEX, ZONE C

Responsible party U.S.NAVY Address 2155 EAGLE DRIVE

No. USTs 1 removed? 12 JuNE 96 feplaced? N- CHARLESTON, SC
(date) {date)

Current use of facility/property _CHARLESTON NAVAL COMPLEX
Current property owner name U.S. NAVY

Current property owner addres$ -155 raGlF DRIVE, N CHARLESTON, SC 29406

Field Screening Methodology
Spectly the field screening methodology to be used. The use of field soreenlng methods to
optimize the number and location of permanent wells is required.

DIRECT PUSH TECHNOLOGY WILL BE UTILIZED TO INSTALL MONITORING
POINTS, SOIIL AND GROUNDWATER WILL BE COLLECTED FROM EACH POINT
AND ANALYSED BY A MOBILE LABORATORY. THE MOBILE LABORATORY WILL
ANALYZE THE SAMPLES FOR BTEX AND DIESEL RANGE ORGANICS (DRO).
SOILS WILL ALSO BE SCREENED WITH AN ORGANIC VAPOR ANALYZER TO
ASSESS VADOSE ZONE SOILS FOR PETROLEUM VAPORS.

Permanent Monitoring wells (Estimate number and total oompleted depth)
# of shallow wells 7 total depth 20"

# of deep wells 1 total depth 40 (if necessary)
Comments, ¥ warranted

Analyses
Lhtheanaly\iealparmbn(og..BTB(. MTBE) and estimated number.

GROUNDWATER SOIL
BTEX 8 BTEX 7
NAPHTHALENE 8 PAH 7
MTBE g8 TPH 2
PAH 8 T™c/rac 1
GRAIN SIZE 2
implementation Schedule
Start up date Completion date
Report submittal date




RAPID ASSESSMENT PLAN

SOUTH CAROLINA
Departiment of Health and Environmental Control

 Bureau of Underground Storage Tank Management

Site ID # 12094 Facility Name cnc, UST 54

Site Maps
1. Attach a copy of the relevant portion of the USGS topographic map showing the site location.

2. Prepare a site base map. This map must be accurately scaled, but does not need to be
surveyed. The map must include the foliowing:

North Arrow Legend with facility name aod addrem, Site 1D number, date, snd a bar acale
Location of property lines Strecus or highways (indicale sames and numbers)
Location of buildings Jdentification of located buildings
" Paved arcas oo or adjacent 10 site Laocation of all present and former ASTs and USTs
Previous soil sampling locstions Underground and above ground utilitics on or adjacent to site
Previous monitoring well locations Location of any other potentia! receptor
Aquiter Characterization {Check one and provide explanation for choice)

Pump Test X Slug Tests
WILL PROVIDE GROUNDWATER FLOW DATA FOR_ENTIRE ASSESSMENT AREA

Small Volume Disposal Type and Method

Sol INVESTIGATIVE DERIVED WASTE WILL BE CONTAINERIZED IN
55-GALLON DRUMS AND REMAIN AT A STAGING AREA UNTIL CHEMICAL
ANALYSIS IS COMPLETE. AFTER ANALYSIS, THE DRUMS WILL BE
' TRANSFERRED TO THE ENVIRONMENTAL DETACHMENT CHARLESTON

Purge Water FOR DISPOSAL

Additional Comments

RAP XW293)
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Rapid Assessment Plan
UST NH62-1, AST NH62-2
Site ID #00946



RAPID ASSESSMENT PLAN

SOUTH CAROLINA
Department of Health and Environmental Control
Bureau of Underground Storage Tank Management

Site ID # 00946 County CHARLESTON Fecility Name -y~ UST NH 62 -1
Facility Address CHARLESTON NAVAL COMPLEX, 20NE C AST NH62-2
Responsible party U.S.NAVY Address 2155 EAGLE DRIVE
No.USTs 1 _asT 1 removed? 25 NOV 96 replaced? N- CHARLESTON, SC

(date) (date)

Cument use of facility/jproperty  CHARLESTON NAVAL COMPLEX
Current property owner name U.S. NAVY

Current property owner 8ddresS -1cc racrr DRIVE, N CHARLESTON, SC 29406

Field Screening Methodology
Specity the field screening methodology to be used. The use of field screenhg methods to
optimize the number and location of permanent wells is required,

" DIRECT PUSH TECHNOLOGY WILL BE UTILIZED TO INSTALL MONITORING
POINTS, SOIL AND GROUNDWATER WILL BE COLLECTED FROM _EACH POINT
AND ANALYSED BY A MOBILE LABORATORY. THE MOBILE LABORATORY WILL
ANALYZE THE SAMPLES FOR BTEX AND DIESEL RANGE ORGANICS (DRO).
SOILS WILL ALSO BE SCREENED WITH AN ORGANIC VAPOR ANALYZER TO
ASSESS VADOSE ZONE SOILS FOR PETROLEUM VAPORS.

Permanent Monitoring wells (Estimate number and total completed depth)

# of shallow wells 7 total depth 20"
# of deep wells 1 total depth 40 (i necessary)
Comments, ¥ warranted

Analyses
mumawdm(og.aﬂmmww

GROUNDWATER SQIL
BTEX 8 BTEX 7
NAPHTHALENE 8 PAH 7
MTBE 8 TPH 2
PAH 8 TaC/{Fac ]
GRAIN SIZE 2
implementation Schedule
Start up date Completion date
Report submittal date

B P e N peere




RAPID ASSESSMENT PLAN
SOUTH CAROLINA
Depariment of Health and Environmental Control

Bureau ot Underground Storage Tank Management

Site D # 00846  Facilty Name cNc, UST NH62-1 & AST NH62-2

Site Maps
1. Attach a copy of the relevant portion of the USGS topographic map showing the site location.

2. Prepare a site base map. This map must be accurately scaled, but does not need to be
surveyed. The map must include the following:

Nonb Arrow Legend witd [acility name apd address, Site ID number, date, snd a bar scale
Location of property lines Streets or highways (indicate sames and pumbers)
Location of buildings Identification of located buildings
" Paved areas on or adjacent Lo site Location of all prescnt and lormer ASTs snd USTs
Previous s0il sampling locations Underground and above ground utilitics on or adjacent to site
Previous mositaring weil locations Location of amy other poiential receptor
Aquiter Characterization (Check one and provide explanation for choice)

Pump Test X Slug Tests .
WILL PROVIDE GROUNDWATER FLOW DATA FOR ENTIRE ASSESSMENT AREA

Small Volume Disposal Type and Method

Soll INVESTIGATIVE DERIVED WASTE WILL BE CONTAINERIZED IN
55-GALLON DRUMS AND REMAIN AT A STAGING AREA UNTIL CHEMICAL
ANALYSIS IS COMPLETE. AFTER ANALYSIS, THE DRUMS WILL BE
' TRANSFERRED TO THE ENVIRONMENTAL DETACHMENT CHARLESTON

Purge Water FOR DISPOSAL

Additional Comments

BAPXA2VY)
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Rapid Assessment Plan
UST NH1137-2, AST NH1137-1
Site ID #17754



RAPID ASSESSMENT PLAN

SOUTH CAROLINA
Department of Health and Environmental Control
Buresu of Underground Storage Tank Management

Site 1D # 17754 County CHARLESTON Facility Name  cne usT NH1137-2

Facility Address CHARLESTON NAVAL COMPLEX, ZONE C & AST NH1137-1

Responsible party U, S.NAVY Address 2155 EAGLE DRIVE

No.USTs 1 ast 1 removed? 19 aug 9g  (eplaced? N- CHARLESTON, SC
{date) {date)

Current use of facility/property _cHARLESTON NAVAL COMPLEX

Current property owner name U.S. NAVY

Current property owner 8ddresS 15< FAGILE DRIVE, N.CHARLESTON, SC 29406

Field Screening Methodology
Specity the field screening methodology to be used. The use of field screenmg methods to
optimize the number and location of permanent wells is required.

DIRECT PUSH TECHNOLOGY WILL BE UTILIZED TO_ INSTALL MONITORING
POINTS, SOIL AND GROUNDWATER WILL BE_COLLECTED FROM EACH POINT
AND ANALYSED BY A MOBILE LABORATORY. THE MOBILE LABORATORY WILL
ANALYZE THE SAMPLES FOR BTEX AND DIESEL RANGE ORGANICS (DRO).
SOILS WILL ALSO BE SCREENED WITH AN ORGANIC VAPOR ANALYZER TO
ASSESS VADOSE ZONE SOILS FOR PETROLEUM VAPORS.

Permanent Monitoring wells (Estimate number and total completed depth)
# of shallow welis 8 total depth 20"

# of deep wells 1 total depth 40°' (i necessary)
Comments, ¥ waTanted

Analyses
Llstheanalyﬂcdpammem(og..BTBLmBE)mdnﬁmabdm

GROUNDWATER SOIL
BTEX 9 BTEX 7
NAPHTHALENE 9 PAE 7
MTBE 9 TPH 2
PAH 9 Tac/rac 1
GRAIN SIZE 2
implementation Schedule
Start up date Completion date
Repon submittal date

R y#/ A e enl T RO INTI 6L derd WRAII R T et e ey R Toresn




RAPID ASSESSMENT PLAN

SOUTH CAROLINA
Department of Hesalth and Environmental Control

Bureau of Underground Storage Tank Management

Site ID # 17754 facility Name cnc, UST NH1137-2 & AST NH1137-1

Site Maps
1. Attach a copy of the relevant portion of the USGS topographic map showing the site location.

2. Prepare 2 site base map. This map must be accurately scaled, but does not need to be
surveyed. The map must include the following:

Norib Arrow . Legend with facility name and addrems, Site ID number, date, and a bar scale
Location of property lines Streews or highways (indicate pames sad pumbers)
- Location of buildings Identification of located buildings
" Pawed arcas oo or sdjacent 1o site Location of all present and former ASTs and USTs
Previous soil ssmpling jocstions Underground and abowe ground uililies on or adjacent to slte
Previous movitoring well locations Lacatios of amy other potential receplor
Aquiter Characterization {Check one and provide explanation for choice)

Pump Test X Slug Tests
WIDL PROVIDE GROUNDWATER FLOW_DATA FOR ENTIRE ASSESSMENT AREA

Small Volume Disposal Type and Method

Solt INVESTIGATIVE DERIVED WASTE WILL BE CONTAINERIZED IN
55-GALLON DRUMS AND REMAIN AT A STAGING AREA UNTIL CHEMICAL
ANALYSIS IS COMPLETE. AFTER ANALYSIS, THE DRUMS WILL BE
' TRANSFERRED TO THE ENVIRONMENTAL DETACHMENT CHARLESTON

Purge Water FOR DISPOSAL

Additional Comments

AP XW23%)
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APPENDIX B

TETRA TECH NUS
STANDARD OPERATING PROCEDURES
AND STANDARD FIELD FORMS



Number Page
GH-1.5 1 of 21
STANDARD Etfective Date Revision
03/01/96 0
ALUA OPERATING oty -
nvironmental, NE
1I0WN & ROOT ENVIRONMENTAL PROCEDURES Prepared
Earth Sciences Department
pet Approved .PI
BOREHOLE AND SAMPLE LOGGING D. Senovich
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Djeecx . Number Page
GH-15 3ot21
BOREHOLE AND SAMPLE LOGGING Revision Eftective Date
0 03/01/96

1.0 PURFPOSE .

The purpose of this document Is to establish standard procedures and technicat gundance on borehole
and sample logging.

2.0 SCOPE

These procedures provide descriptions of the standard techniques for borehole and sample logging.
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface
lithology. While experience is the only method to develop confidence and accuracy in the description
of soil and rock, the field geologist/engineer can do a good Job of classification by careful, thoughtful
observation and by being consistent throughout the classification procedure.

3.0 GLOSSARY

None.

4.0 RESPONSIBILITIES

Site ‘Geoloaist. Responsible for supervising all boring activities and assuring that each borehole is

completely logged. If more than one rig is being used on site, the Site Geologist must make sure that
each field geologist is property trained in logging procedures. A brief review or training session may be
necessary prior to the starnt up of the field program and/or upon completion of the first boring.

5.0 PROCEDURES

The classificatlon of soll and rocks is one of the most important jobs of the field geologist/engineer. To
maintain a consistent flow of Information, it is imperative that the field geologist/engineer understand and
accurately use the field classification system described In this SOP. This identification is based on visual
examination and manual tests.

5.1 Materials Needed
When logging soll and rock samples, the geoldgist or engineer may be equipped with the following:

Rock hammer

Knife

Camera : '
Diute hydrochloric acld (HCY)

Ruler (marked in tenths and hundredths of feet)
Hand Lens

‘ 52 Classification of Soils

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space Is
‘ needed. Detalls on filling out the boring log are discussed in Section 5.5.

5.2.1 USCS Classification .

Soils are to be dassified according to the Unlified Soll Classification System (USCS). This method of
classffication Is detailed in Figure 1 (Continued).

]

-



Numbet Page
GH-1.5 4 of 21
BOREHOLE AND SAMPLE LOGGING Revision Eftective Date
T 0 03/01/96
FIGURE 1
BORING LOG (EXAMPLE)
L -
- ay, BORING LOG Page __of ___
PROJECT NAME: BORING NUMBER:"
PROJECT NUMBER: DATE:
DRILLING COMPANY: GEOLOGIST: .
DRILLING RIG: DRILLER: — -
MATERIAL DESCRIPTION
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This method of classification identifies soil types on the basis of grain size and cohesiveness.

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C).
Some classification systems define size ranges for these soil particles, but for field classification
purposes, they are identffied by their respective behaviors. Organic material (O) is a common
component of soil but has no size range; it is recognized by its composition. The careful study of the
USCS will aid in developing the competence and consistency necessary for the classification of soils.

Coarse-grained soils shall be divided into rock fragméms. sand, or gravel. The terms sand and gravel
not only refer to the size of the soll particles but also to their depositional history. To insure accuracy

in description, the term rock fragments shall be used to indicate angular granular materials resutting from
the breakup of rock. The sharp edges typically observed indicate little or no transport from their source -«
area, and therefore the term provides additional information in reconstructing the depostional

environment of the solls encountered. When the term “rock fragments® is used It shall be followed by

a size designation such as "(1/4 Inche-1/2 Inch®)" or "coarse-sand size" elther lmmedlatgly after the--
entry or in the remarks column, The USCS classification would not be affected by this variation in terms.,;::_, .

5§22 Color

Soil colors shall be described utllizing a single color descriptor preceded, when necessary, by a modifier
to denote variations in shade or color mixtures. A soil could therefore be referred to as "gray" or "light
gray” or "blue-gray.” Since color can be utllized In conelating units between sampling locations, It is
important for color descriptions 1o be consistent from one boring to another.

Colors must be described while the sample is still moist. Soll samples shall be broken or spilt vertically
to describe colors. Samplers tend to smear the sample surface creating color variations between the
sample interior and exterior.

The term *mottied” shall be used to indicate soils imegularly marked with spots of different colors.
Mottling in solls usually indicates poor aeration and lack of good drainage.

Soil Color Charts shall not be used unless specified by the project manager.
523 Relative Density and Consistency

To classify the relative denslty and/or consistency of a soll, the geologist Is to first identity the soll type.
Granular solls contaln predominantly sands and gravels. They are noncohesive (particles do not adhere
well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together
when compressed).

The density of noncohesive, granular soils is classified according to standard penetration resistances
obtained from spift-bamret sampling performed according to the methods detailed in Standard Operating
Procedures GH-1.3 and SA-1.3. Those designations are:
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Standard Penetration
Designation Resistance
(Blows per Foot)

Very loose Oto4
Loose 5to0 10
Medium dense 11 to 30
Dense . 31to 50
Very dense Over 50

Standard penetration resistance is the number of blows required to drive a spilt-barrel sampler with a 2-
inch outside diameter 12 inches into the material using & 140-pound hammer falling freely through
30 Inches. The sampler Is driven through an 18-inch sample interval, and the number of blows is
recorded for each 6-inch increment. The density designation of granular solis is obtained by adding the
number of blows required 1o penetrate the last 12 Inches of each sample interval. It is important to note
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged In the tip, the
resutting blow count will be erroneously high, refiecting & higher density than actually exists. This shall
be noted on the log and referenced to the sample number. Granular solis are given the USCS
classifications GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1). ’

The consistency of cohesive solls is determined by performing field tests and Identiying the consistency

as shown in Figure 2.
Cohestve solls are given the USCS classifications ML, MH, CL, CH, OL, or OH (see Figure 1).

The consistency of cohesive solls is determined elther by blow counts, a pocket penetrometer (values
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted
on a selected sampte of the soll, preferably the iowest 0.5 foot of the sample in the spiit-barrel sampler.
The sample shall be broken in half and the thumb or penetrometer pushed Into the end of the sample
to determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment.
it the sample is decomposed rock, It Is classified as a soft decomposed rock rather than a hard sol.
Consistency shall not be determined solely by blow counts. One of the other methods shall be used in
conjunction with Iit. The designations used to describe the consistency of cohesive solis are shown in

Figure 2.

n, 2 Daes Eau




sbject— Number Page
GH-15 8 of 21
BOREHOLE AND SAMPLE LOGGING Revision Effective Dats
e . 0 03,/01/96
FIGURE 2

CONSISTENCY FOR COHESIVE SOILS

Standard Unconfined
Penetration Compressive \
Consistency Resistat Strength Field Identification
esistance ,
(Blows per Foot) (Tons/Sq. Foot by 4
pocket penetration)
Very soft Oto2 Less than 0.25 Easily penetrated several inches by fist
Soft Easily penetrated several inches by
2104 02510050 | b
Medium stiff Can be penetrated several inches by
4108 0501010 14/ mb with moderate effort
Stift Readlly indented by thumb but
81015 10t ?‘0 penetrated only with great effort
Very stiff 1510 30 201040 Readily indented by thumbnafl
Hard Over 30 More than 4.0 Indented with difficulty by thumbnai
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5.2.4 Weight Percentages

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various
grain types. The following terms are useful in the description of soi:

Defining R
Terms of Identifying Proportion of the Component Per cerllrt‘;ngges ;;gv%;'gm
Trace . . 0-10 percent
Some 11 - 30 percent
Adjective form of the soll type (e.g., “sandy”) ~ 31 - 50 percent
Examples:

° Shty fine sand: 50 to 69 percent fine sand, 31 to §0 percent siit.

° Medium to coarse sand, some siit: 70 to 80 percent medlum to coarse sand, 11to
30 percent sit.

. Fine sandy silt, trace clay: 50 to 68 percent siit, 31 to 49 percent fine sand, 1 to 10 percent
clay. -

. Clayey silt, some coarse sand: 70 to 89 percent clayey siit, 11 to 30 percent coarse sand.
526 Moisture

Moisture content Is estimated In the field according to four categories: dry, moist, wet, and saturated.
In dry soll, there appears 1o be little or no water. Saturated samples obviously have all the water they
can hold. Molst and wet classifications are somewhat subjective and often are determined by the
individual's judgment. A suggested parameter for this would be calling a soil wet if rolling it in the hand
or on a porous surface liberates water, i.e., dirties or muddies the surface. Whatever method is adopted
for describing moisture, it Is imponant that the method used by an individual remains consistent
throughout an entire drilling job. .

Laboratory tests for water content shall be performed if the natural water content is important.
828 Stratification

Stratification can only be determined after the sample barrel Is opened. The stratification or bedding
thickness for soll and rock is depending on grain size and composttion. The classffication to be used
for stratffication description is shown in Figure 3.

527 Texture/Fabric/Bedding

The texture /fabric /bedding of the soil shall be described. Texture is described as the relative angularity
of the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as to'whether
the particles are flat or bulky and whether there is a particular relation between particles (i.e., all the flat
particles are parallel or there is some cementation). The bedding or structure shall also be noted (e.g.,
stratified, lensed, nonstratified, heterogeneous varved).
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FIGURE 3
BEDDING THICKNESS CLASSIFICATION
Thickness
Thickness (Approximate English Classification
(metric) "
Equivalent) _
> 1.0 meter >33 Massive
30 cm - 1 meter 1.0'-33 Thick Bedded
10 cm - 30 cm 4 -10 Medium Bedded
3cm-10cm 1"-4 Thin Bedded
1cm-3cm 2/5"-1° Very Thin Bedded
3mm-1cm 1/8° - 2/5" Laminated
1 mm-3mm 1/32° - 1/8° Thinly Laminated
< 1mm <1/32° Micro Laminated

(Weir, 1973 and Ingram, 1954)
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5.2.8 Summary of Soil Classification

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project sie.
The hierarchy of classification is as follows:’

53

Density and/or consistency
Color

Plasticity (Optional)

Sol types

Molsture content
Stratification

Texture, fabric, bedding
Other distinguishing features

Claessification of Rocks

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks
are by far the predominant type exposed at the earth’s surface. The following basic names are applied
to the types of rocks found In sedimentary sequences:

Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm
In diameter.

Sitstone - Made up of granular materials less than 1/16 to 1/256 mm in dlameter.
Fractures irregularly. Medium thick to thick bedded.

Claystone - Very fine-grained rock made up of clay and silt-size materials. - Fractures
Imegularly. Very smooth to touch. Generally has irregularly spaced pliting on surtace of
drilled cores.

Shale - A fisslie very fine-grained rock. Fractures along bedding planes.

Umestone - Rock made up predominantly of calcite (CaCQ,). Effervesces strongly upon
the application of dilute hydrochloric acid.

Coal - Rock consisting mainly of organic remains.

Others - Numerous other sedimentary rock types are present in lesser amounts in the
stratigraphic record. The local abundance of any of these rock types is dependent upon
the depositional history of the area. Conglomerate, hallte, gypsum, dolomite, anhydrite,
lignite, etc. are some of the rock types found in lesser amounts.

In classitying a sedimentary rock the following hierarchy shall be noted:

....+..

Rock type
Color

Bedding thickness

Hardness | .
Fracturing

Weathering

Other characteristics
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5.3.1 Rock Type

As described above, there are numerous types of sedimentary rocks. In most cases, a rock will be a
combination of several grain types, therefore, a modHfier such as & sandy sitstone, or a siity sandstone
cen be used. The modifier indicates that a significant portion of the rock type is composed of the
modifier. Other modifiers can include carbonaceous, calcareous, sliceous, etc.

Grain size is the basis for the classification of clastic sedimentary rocks. Figure 4 Is the Udden-
Wentworth classlfication that will be assigned to sedimentary rocks. The individual boundaries are
slightly ditferent than the USCS subdivision for soll classification. For field determination of grain sizes,
a scale can be used for the coarse grained rocks. For example, the division between skitstone and.
claystone may not be measurable in the field. The boundary shall be determined by use of a hand lens.
If the grains cannot be seen with the naked eye buit are distinguishable with a hand lens, the rock is a-
stitstone. if the grains are not distinguishable with a hand lens, the rock is a claystone.

8.3.2 Color

The color of a rock can be determined in a simflar mannér as for soll samples. Rock core samples shall

be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior ‘
to color classifications.

Rock color charts shall not be used unless specified by the Project Manager.
8.3.3 Bedding Thickness

The bedding thickness designations applied to soll classification (see Figure 3) will also be used for rock
classification.

8.3.4 Hardness

The hardness of a rock Is a function of the compaction, cementation, and mineralogical composition of
the rock. A relative scale for sedimentary rock hardness is as follows:

o Soft - Weathered, considerable erosion of core, eeslly gouged by screwdriver, scratched
by fingemnall. Soft rock crushes or deforms under pressure of a pressed hammer. This
term Is atways used for the hardness of the saprollte (decomposed rock which occuples
the 2one between the lowest soll horizon and firm bedrock).

L Medium soft - Sfight erosion of core, sllghﬂy gouged by screwdriver, or breaks with crumbly
edges from single hammer blow. .

h L Medium hard - No core erosion, easlly scratched by screwdriver, or breaks with sharp
edges from single hammer blow.

L ]

Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot
be scratched with screwdriver.

Note the difference in usage here of the works “scratch” and “gouge.” A scratch shall be considered a

slight depression In the rock (do not mistake the scraping off of rock fiour from drilling with a scratch
in the rock itself), while a gouge is much deeper.

v
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FIGURE 4

L W 0 s 0 T ey e em—— S—

GRAIN SIZE CLASSIFICATION FOR ROCKS

Panticle Name

Grain Size Diameter

Cobbles > 64 mm
Pebbles 4 -64 mm
Granules 2-4mm
Very Coarse Sand 1-2mm
Coarse Sand 0.5 -1 mm
Medium Sand 0.25 - 0.5 mm
Fine Sand 0.125 - 0.25 mm
Very Fine Sand 0.0625 - 0.125 mm
Sh 0.0039 - 0.0625 mm

After Wentworth, 1922
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5.3.5 Fracturing

The degree of fracturing or brokenness of a rock Is described by measuring the fractures or joint

spacing. After eliminating drilling breaks, the average spacing is calculated and the fracturing is
described by the following terms:

Very broken (V. BR.) - Less than 2-Inch spacing between fractures
Broken (BR.) - 2-inch to 1-foot spacing between fractures

Blocky (BL.) - 1- to 3-foot spacing between fractures -

Massive (M.) - 3 to 10-foot spacing between fractures

The structural integrity of the rock can be approximated by calculating the Rock Quality Designation
(RQD) of cores recovered. The RQD Is determined by adding the total lengths of all pieces exceeding
4 inches and dividing by the total length of the coring run, to obtain a percentage.

Method of Caiculating RQD
(After Deere, 1964)

RQD % = r/l x 100

Total length of all pieces of the fithologic unit being measured, which are
greater than 4 inches length, and have resulted from natural breaks. Natural
breaks include slickensides, joints, compaction slicks, bedding plane partings
{not caused by drilling), friable zones, etc.

! = Total length of the coring run.
5.3.6 Weathering

The degree of weathering is a significant parameter that is important in determining weathering profiles

and is also useful in engineering designs. The following terms can be applied to distinguish the degree
of weathering:

. Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no

staining and rock has a bright appearance.

Slight - Rock has some staining which may penetrate several centimeters into the rock.
Clay filling of joints may occur. Feldspar grains may show some alteration.

Moderate - Most of the rock, with exceptlon of quarz grains, is stained. Rock is weakened
due to weathering and can be easily broken with hammer.

Severe - All rock including quartz grains is stained. Some of the rock is weathered to the
extent of becoming a soll. Rock Is very weak.

5.3.7 " Other Characteristics

The following items shall be included In the rock description:

° Description of contact between two rock units. These can be shatp or gradational.
e  Stratification (paraliel, cross stratified).

[y
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Description of any filled cavities or vugs.

Cementation (calcareous, siliceous, hematitic).

Description of any joints or open fractures.

Observation of the presence of fossiis. '

Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating,
and degree of weathering.

All information shown on the boring logs shall be neat to the point where it can be reproduced on a copy
machine for report presentation. The data shall be kept current to provide control of the drilling program
and to indicate various areas requiring specilal consideration and sampling.

5.3.8

Addhionsal Terms Used in the Description of Rock

The following terms are used to further identify rocks:

Seam - Thin (12 inches or less), probably continuous layer.

Some - Indicates significant (15 to 40 peréem) amounts of the accessory material. For
example, rock composed of seams of sandstone (70 percent) and shale (30 percent) would
be "sandstone — some shale seams.”

Few - Indicates Insignlﬁmm (0- to 15 percent) amounts of the accessory material. For
example, rock composed of seam of sandstone (90 percent) and shale (10 percent) would
be "sandstone - few shale seams.”

Interbedded - Used to indicate thin or very thin alternsting seams of material occurring in
approximately equal amounts. For example, rock composed of thin altemnating seams of
sandstone (50 percent) and shale (50 percent) would be "Interbedded sandstone and shale.”

Interdayered - Used to indicate thick alternating seams of material occurring in
approximately equal amounts.

The preceding sections describe the classification of sedimentary rocks. The following are some basic
names that are applied to igneous rocks:

Basalt - A fine-grained exdrusive rock composed primarily of calcic plagioclase and
pyroxene.

Rhyollte - A ﬂne—gralned volcanic rock comaining abundant quartz and orthoclase. The fine-
grained equivalent of a granite.

Granite - A coarse-grained plutonic rock consisting essentially of alkall teldspar and quartz.

Diorite - A coarse-grained plutonic rock consisting essentlally of sodic plagioclase and
homblende.

Gabbro -A coarse-grained plutonic rock consisting of calcic plagioclase and dlnopyroxene
Loosely used for any coarse-grained dark igneous rock.
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The following are some basic names that are applied to metamorphic rocks: n
. Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage. .
Contains predominantly chlorite, mica, quartz, and sericlte.
L] Phyiiite - A fine-grained foliated rock that splits imo thin ﬂaky sheets with a siky sheen on
cleavage surface.
L] Schist - A medium to coarse-gmlned follated rock with subparallel arrangement of the
) micaceous minerals which dominate its composition.
L] Gneiss - A coarse-grained follated rock with bands rich in granular and platy minerals.
] Quartzite - A fine- to coarse—grained' nonfoliated rock breaking across grains, consisting--
essentlally of quanz sand with silica cement.
54 Abbrevistions

Abbreviations may be used in the description of a rock or sol.
minimum. Following are some of the abbreviations that may be used:

c - Coarse Lt Light n Yellow

Med - Medium BR Broken Or Orange

F - Fine BL Blocky SS Sandstone
1 - Very M Massive Sh Shale

8 - Slight Br Brown Ls Umestone
Occ - Occasional ] Black Fgr Fine-grained
™ - Trace

This section describes in more detall the procedureé to be used In completing boring logs in the field.

- Information obtained from the preceding sections shall be used to complete the logs. A sample boring
log has been provided as Figure 5.

The field geologist/engineer shall use this example as a guide in completing each boring log. Each

boring log shall be fully described by the geologist/engineer as the boring is being drilled. Every sheet
contains space for 25 feet of log. Information regarding classification detalls is pravided either on the

Boring Loas and Documentation

back of the boring log or on a separate sheet, for field use.
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FIGURE §
COMPLETED BORING LOG (EXAMPLE)
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§.5.1

Soll Classification

Identify site name, boring number, job number, etc. Elevations and water level data to be
entered when surveyed data is available.

Enter sample number (from SPT) under appropriate column. Enter depth sample was taken
from (1 block = 1 foot). Fractional footages, i.e., change of lithology at 13.7 feet, shall be
lined off at the proportional location between the 13- and 14-foot marks. Enter blow counts

(Standard Penetration Resistance) diagonally (as shown). Standard penetration resistance
Is covered in Section 5.2.3.

Determine sample recovery/sample length as shown. Measure the total length of sample
recovered from the split-spoon sampler, including material in the drive shoe. Do not include
cuttings or wash material that may be in the upper portion of the sampile tube.

Indicate any change in Ilthology by drawing a line at the appropriate depth. For example,
if clayey siit was encountered trom 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall
be drawn at this increment. This information is helptul in the construction of cross-sections.
As an alternative, symbols may be used to identlty each change in lithology.

The density of granular solis Is obtained by adding the number of blows for the last two
increments. Refer to Density of Granular Solls Chart on back of log sheet. For consistency
of cohesive soils refer also to the back of Jog shest - Consistency of Cohesive Solis. Enter
this information under the appropriate column. Refer to Section 5.2.3.

Enter color of the material in the appropriate column. -

Describe material using the USCS. Limh this column for sample description only. The
predominate material is described last. If the primary sofl Is siit but has fines (clay) - use
clayey sit. Umit soil descriptors to the following:

- Trace: 0-10 percém
- Some: 11 - 30 percent
- And/Or. 31 - 60 percent

Also indicate under Material Classification if the material is fill or natural solls. Indicate
roots, organic material, etc.

Enter USCS symbol - use chart on back of boring log as a guide. If the solis fall into one
of two basic groups, a borderiine symbol may be used with the two symbols separated by

- aslash. For example ML/CL or SM/SP.

The following information shalt be entered under the "Remarks” column and shall include,
but is not limited by, the following:

- - Moisture - estimate moisture content using the following terms - dry, moist,
wet and saturated. These terms are determined by the individual. Whatever
-method Is used to determine moisture, be consistent throughout the log.
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§.5.2

Angularity - describe angularity of coarse grained particles using the terms
anguiar, subangular, subrounded, or rounded. Referto ASTM D 2488 or Earth .
Manual for criteria for these terms.

Particle shape - flat, elongated, or flat and elongated.

Maximum particle size or dimension.

Water level observatibns,

Reaction with HCI - none, weak, or strong.

Additional comments:

Indicate presence of mica, caving of hole, when water was encountered,
difficulty in drilling, loss or gain of water.

Indicate odor and Photoionlzaiion Detector (PID) or Flame ionization Detector
(F1D) reading if applicable.

Indicate any change in lithology by drawing a line through the lithology
change column and indicate the depth. This will help when cross-sections are
subsequently constructed.

At the bottom of the page indicate type of rig, drilling method, hammer size
and drop, and any other useful information (Le., borehole size, casing set,
changes in drilling method).

Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the
bottom of each sample to the top of the next sample to indicate consistency
of material from sample to sample, if the material Is consistent. Horizontal
lines shall be drawn if there is a change in lithology, then vertical lines drawn
to that point.

Indicate screened Interval of well, as needed, in the lithology column. Show
top and bottomn of screen. Other detalls of well construction are provided on
the well construction forms.

Rock Classification

Indicate depth at which coring began by drawing a line &t the appropriate depth. Indicate
core run depths by drawing coring run lines (as shown) under the first and fourth columns
on the log sheet. Indicate RQD, core run number, RQD percent, and core recovery under
the appropriate columns.

Indicate ithology change by drawing a line at the appropriate depth as expléinad in
Section 5.5.1.

Rock hardness is entered under designated column using terms as described on the back
of the log or as explained earlier in this section.
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Enter color as determined while the core sample is wet; if the sample is cored by air, the
core shall be scraped clean prior to describing color.

Enter rock type based on sedimentary, igneous or metamorphic. For sedirhentary rocks
use terms as described in Section 5§.3. Again, be consistent in classlification. Use modtfiers

and additional terms as needed. For igneous and metamorphic rock types use terms as
described in Sections 5.3.8.

Enter brokenness of rock or dégree of fracturing under the appropriate column using

symbols VBR, BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the
Boring Log.

The following information shall be entered under the remarks column

. Iterns shall include
but are not limited to the following: '

Indicate depths of Joints, fractures and breaks and also approximate td
horizontal angle (such as high, iow), i.e., 70* angle from horizontal, high angle; -

Indicate calcareous zones, description of any cavitles or vugs.
- Indicate any loss or gain of drill water.
- Indicate drop of drill tools or change in color of drill water.
Remarks at the bottom of Boring Log shall include:
- Type and size of core obtained.
- Depth casing was set.
- Type of rig used.
As a final check the boring log shall include the following:

Vertical lines shall be drawn as explained for soll classification to indicate
consistency of bedrock material,

If applicable, indicate screened interval In the lithology column. Show top and

bottom of screen. Other details of well construction are provided on the well
construction forms.

Classification of Soil and Rock from Drill Cuttings

The previous sections describe procedures for classifying soll and rock samples when cores are
obtained. However, some drilling methods (air/mud rotary) may require classification and borehole
logging based on identifying drill cuttings removed from the borehole. Such cuttings provide only
general information on subsurface lithology. Some procedures that shall be followed when logging

cuttings are:

Obtain cutting samples at approximately 5-foot intervals, sieve the cunlngs (f mud rotary
drilling) to obtain a cleaner sample, place the sample into a small sample bottle or “zip lock®
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bag tor tuture reference, and label the jar or bag (i.e. hole number, depth, date, etc.).
Cuttings shall be closely examined to determine general lithology.

° Note any change in color of drilling fiuid or cuttings, to estimate changes in lithology.

] Note drop or chattering of drilling tools or a change in the rate of drilling, to determine
fracture locations or lithologic changes. )

. Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify
potential fracture zones.

. Record this and any other useful information onto the boring log as provided in Figure 1.
This logging provides a general description of subsurface lthology and adequate information can be
obtained through careful observation of the drilling process. It Is recommended that spiit-barrel and rock
core sampling methods be used at selected boring locations during the field investigation to provide
detailed information to supplement the less detailed data generated through borings drilied using air/mud
rotary methods.
5.6 Review
Upon completion of the borings logs, copies shall be made and reviewed. ltems to be reviewed include:
° Checking for consistency of all logs.
° Checking for conformance to the guideline.
° Checking to see that all information is entered in their respective columns and spaces.
6.0 REFERENCES
Unified Soil Classification Systerh (USCS).
ASTM D2488, 1985.
' Earth Manual, U.S. Department of the Interior, 1974.
i 7.0 RECORDS '

Originals of the boring logs shall be retained in the project'ﬁles.
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0 PURPOSE

iis procedure provides general guidance and information pentaining to proper monitoring well design,

stallation, and development.

0 SCOPE

is procedure Is applicable to the construction of permanent monltoring wells. The methods described
rein may be modified by project-specific requirements for monitoring well construction. In addition,
any regulatory agencies have specific regulations pertaining to monitoring well construction and
mmitting.  These requirements must be determined during the project planning phases of the
restigation, and any required permits must be obtained before field work begins. Innovative monitoring

¥l Installation techniques, which typically are not used, will be discussed only generally in this
ocedure.

D GLOSSARY

onitoring Well - A well which is properly screened (if screening Is necessary, e.g., open borehole),

sed, and sealed which is capable of providing a groundwater level and groundwater sample
presentative of the zone being monitored.

xzometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the
ttom and to the atmosphere at the top, and used to measure water level elevations. Plezometers may
1ge in size from 1/2-Inch-diameter plastic tubes to well points or monitoring wells.

tentiometric Surface - The surface representative of the level to which water wil rise in a well cased
the screened aquifer.

11 Point (Drive Point) - A screened or perforated tube (Typically 1-1/4 or 2 Inches in dlameter) with a
Id. conical, hardened point at one end, which Is attached to a riser pipe and driven into the ground
h a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater

iction and recovery, as piezometers (i.e., to measure water levels) or to provide groundwater samples
water quality data.

RESPONSIBILITIES

ler - The driller provides adequate and operable equipment, sufficient quantiies of materials, and an
erienced and efficient labor force capable of performing all phases of proper monitoring well

allation and construction. The driller may also be responsible for obtaining, in advance, any required
mits for monitoring well installation and construction.

Geologist - The rig geologist supervises and documents well installation and constructlon performed
he driller, and insures that well construction is adequate to provide representative groundwater data

1the monitored interval. Geotechnical engineers, field technicians, or other suitable trained personne!
' also serve in this capacity.
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5.0 PROCEDURES
5.1 Equipment/items Needed

Below is a list of tems that may be needed when installing a monitoring well:
° Health and safety equipment as required by the Site Safety Officer.

1 Well drilling and Installation equipment wﬁh associated materials (typically supplied by the
driller).

. Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable
engineers rule, electronic calculator, dipboard, mirror and flashlight - for observing
downhole activitles, paint and ink marker for marking monitoring wells, sample jars, welil
Installation forms, and a field notebook).

° Drive point installations tools (sledge hammer, drop hammer, or mechanical vibrator; tripod,
pipe wrenches, drive points, riser pipe, and end caps).

5.2 Well Design

The objectives for each monitoring well and its intended use must be clearly defined before the
monitoring system is designed. Within the monitoring system, different monitoring wells may serve
ditferent purposes and, theretore, require different types of construction. During all phases of the well
design, attention must be given to clearly documenting the basis for design decisions, the details of well

construction, and the materials to be used. The objectives for installing the monitoring wells may
nclude:

. Determining groundwater flow directions and velocities.
. Sampling or monitoring for trace contaminants.
° Determining aquifer characteristics (e.g., hydraulic conductivity).

Stting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow
firection. In most cases, groundwater flow and potential well locations can be determined through the
eview of geologic data and the stte terrain. In addtion, data from production wells or other monitoring
vells in the area may be used to determine the groundwatet fiow direction. If these methods cannot be
ised, piezometers, which are relatively inexpensive to install, may have to be installed In a preliminary
nvestigative phase to determine groundwater flow direction.

i.2.1 Well Depth, Diameter, and Monitored Interval

"he well depth, diameter, and monitored Interval must be taliored to the speclfic monitoring needs of
:ach investigation. Specification of these items generally depends on the purpose of the monitoring
ystem and the characteristics of the hydrogeologic system being monhtored