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below land surface

Corrective Action Management Unit

Code of Federal Regulations

Health and Safety Plan
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°C

DE
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DRMO
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EIC

EM
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ESDLOPQCM

ESDSOPQAM

FID
f3

composite liquid waste sampler
Comprehensive Sampling and Analysis Plan
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Clean Water Act

degrees Centigrade

disposable equipment

Data Management Plan

Department of Transportation

Direct Push Technology

Data Quality Objective

Defense Reutilization and Marketing Office
Datasonde 3

EnSafe/Allen & Hoshall

Engineer in Charge

Electromagnetic

Erasable Programmable Read Only Memory

USEPA Environmental Services Division Laboratory Operations
and Quality Control Manual (1990)

USEPA Environmental Services Division Standard Operating
Procedures and Quality Assurance Manual (1991)

Flame Ionization Detector
cubic feet
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ACRONYM LIST (Continued)

GC Gas Chromatograph

GIS Geographic Information System

gpm gallons per minute

GPS Global Positioning System

HAZWOPER Hazardous Waste Operations and Emergency Response
HCI Hydrochloric Acid

HSWA Hazardous and Solid Waste Amendment

IATA International Air Transport Association

ID Inner Diameter

IDL Instrument Detection Limit

IDW Investigation-Derived Waste

IRP Installation Restoration Program

KI Potassium Iodide

LCD Liquid Crystal Display

LDR Land Disposal Restrictions

LQAC Laboratory Quality Assurance Coordinator

ml Milliliter

MS Matrix Spike

MSD Matrix Spike Duplicate

msl Mean Sea Level

MTR Minimum Technical Requirements

NAD North American Datum

Nal Sodium lodide

NaOH Sodium Hydroxide

NAVBASE ‘ Naval Base Charleston

NBS National Bureau of Standards

NCP National Oil and Hazardous Substances Contingency Plan
NCR NEESA Contract Representative

NEESA Naval Energy and Environmental Support Activity
NIST National Institute of Standards and Technology
NPDES National Pollution Discharge Elimination System
NSF National Sanitary Foundation

NTU Nephelometric Turbidity Unit
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Project Management Plan
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1.0 INTRODUCTION

This document is intended to function as the Comprehensive Sampling and Analysis Plan (CSAP)
portion of the Resource Recovery and Conservation Act (RCRA) Facility Investigation (RFI)
Work Plan. This document outlines all monitoring procedures to be performed during the
investigation to characterize the environmental setting, source, and releases of hazardous
constituents, In addition, the CSAP includes the Quality Assurance Plan (QAP) and Data
Management Plan (DMP) to ensure that all information and data are valid and properly
documented. Unless otherwise noted, the sampling strategy and procedures will be performed
in accordance with the United States Environmental Protection Agency (USEPA) Environmental
Services Division Standard Operating Procedures and Quality Assurance Manual,
February 1, 1991 (ESDSOPQAM), included in Volume V of the RFI Work Plan. A copy of
the ESDSOPQAM will be kept onsite to supplement the CSAP during all field operations.
Sample analyses will be conducted in accordance with the guidance in USEPA Test Methods for
Evaluating Solid Waste, SW-846, 3rd ed., Office of Solid Waste and Emergency Response
(SW-846) and in the USEPA Environmental Services Division Laboratory Operations and
Quality Control Manual (ESDLOPQCM) (included in Volume V of this RFI Work Plan).

Due to the number and diversity of Solid Waste Management Units (SWMUSs) and Areas of
Concern (AOC) to be investigated at Naval Base Charleston (NAVBASE), the CSAP does not
address site specific sampling strategies. Instead, this information will be presented in a series
of zone-specific Sampling and Analysis Plans (SAPs) to be used in conjunction with the CSAP.
Each zone-specific SAP will document any deviations from the CSAP. The zone based
investigative rationale is described in greater detail in the Project Management Plan (PMP). The
intent of this approach is to develop a work plan that is independent of the number of

investigation sites, and therefore will not require iterative revisions as new sites are discovered.

The investigations will consist of various activities depending upon the nature of the subject site
and the work previously completed by Navy contractors. Tasks will likely include but may not

be limited to physical surveys, field sampling, and laboratory analysis. The physical surveys
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are screening tools and may consist of a preliminary air survey, habitat/biota survey, soil gas

survey, aerial photograph reconnaissance, a contaminant source survey, and Dexsil” Cl- or

immunoassay screening.

. At a minimum, physical surveys will
be conducted at USEPA Data Quality Objective (DQO) Level II protocol. Field sampling;
- will be used to delineate the extent, nature, and/or magnitude
of contamination in the selected media. Media to be sampled and analyzed includes ambient air,
surface water, sediment, soil, groundwater, and biota. The laboratories to be used are Naval
Energy and Environmental Support Activity (NEESA)-approved and the QAPs of potential
contract laboratories are included in Volume V of the RFI Work Plan for USEPA approval.
With the exception of laboratory screening procedures performed at USEPA DQO Level II,
sample analysis and data collection efforts will satisfy USEPA DQO Level Il protocol. A
minimum of 5 percent of the samples will be analyzed at USEPA DQO Level IV for

confirmation purposes.

A report will be submitted to the Navy, USEPA, and South Carolina Department of Health and
Environmental Control (SCDHEC) upon completion of the investigative work within each zone.
The report will include laboratory analyses, a summary of the field activities, and the results and
conclusions of the investigations. The results will provide a basis for a human health risk
assessment and/or an ecological risk assessment to be completed at the subject sites. Information
contained within the zone specific RFI reports will be summarized in a final report submittal that
addresses NAVBASE as a whole.

1.1  Topography

NAVBASE is in the lower South Carolina Coastal Plain Physiographic Province, on the Cooper
River side of the Charleston Peninsula. The Charleston Peninsula is formed by the confluence
of the Cooper and Ashley Rivers. Topography in the area is typical of the South Carolina lower
coastal plain, having low relief plains broken only by the meandering courses of sluggish streams

and rivers which flow toward the coast past occasional marine terrace escarpments. Topography
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at NAVBASE is essentially flat. Elevations range from just over 20 feet above mean sea level
(msl) in the northwest part of the base to sea level at the Cooper River. Most of the original
topography at NAVBASE has been modified by man’s activities. The southern end was
originally tidal marsh drained by Shipyard Creek and its tributaries, and originally, the other
portions of the facility were only slightly higher in elevation. The land surface at NAVBASE
has been filled with both solid wastes and dredged spoil (primarily the latter) in increments over
the last 93 years. Nonetheless, most of NAVBASE remains within the 100-year flood zone, that

is, less than ten feet above msl.

1.2  Geology

Geology of the Charleston area is typical of the southern Atlantic Coastal Plain. Cretaceous and
younger sediments thicken seaward and are underlain by older igneous and metamorphic
basement rock (Figure 1-1). Surface exposures at NAVBASE, in the limited areas which remain
undisturbed, consist of recent and/or Pleistocene sands, silts, and clays of high organic content.
NAVBASE is underlain by a plastic calcareous clay known as the Cooper Marl. The Cooper

Marl is, in turn, underlain by the Santee limestone and sequentially older rocks.

1.3 Soil Characteristics

Surface soils at NAVBASE have been extensively disturbed. Native soils were the fine-grained
silts, silty sands, and clay, typical of terrigenous tidal marsh environments. Sand lenses are
present in localized areas; however, these are generally only several feet thick. Much of the
material, particularly in the southern portion of the base, has been filled using dredged spoil
from the Cooper River and Shipyard Creek. The spoils are an unsorted mixture of sands, silts,

and clays. Most of the remainder of the base has been either filled or reworked.

1.4  Surface Hydrology
Parts of the southern portion of NAVBASE are drained by Shipyard Creek while some northern

areas are drained by Noisette Creek. Both creeks are tributary to the Cooper River. Surface
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drainage over the remainder of NAVBASE flows directly into the Cooper River. The Cooper

discharges into Charleston Harbor.

Shipyard Creek is a small tidal tributary, about two miles in length, which flows to the southeast
along the southwestern boundary of NAVBASE to its confluence with the Cooper River,
opposite the southern tip of Daniel Island. Docking facilities are located along the western shore
of the lower mile of the channel, while the entire length of the eastern shore is bounded by tidal

marshland.

Noisette Creek, which transects the northern portion of NAVBASE, is a tidal tributary
approximately 2.5 miles long. The creek flows nearly due east from its headwaters in the City

of North Charleston and empties into the Cooper River.

1.5  Hydrogeology

Two distinct aquifers exist beneath the NAVBASE site, a deep confined aquifer located within
the Santee Limestone, and a shallow water table aquifer located within the near surface
sediments. Both the shallow aquifer and the Santee Limestone function as potable aquifers in
other locations. The shallow aquifer is not significantly developed in the NAVBASE area and
is not developed at all at NAVBASE. A survey of groundwater users within a 7-mile radius of
the NAVBASE was provided by the South Carolina Water Resources Commission to ascertain
the extent, if any, of shallow groundwater usage in the vicinity of the NAVBASE. The survey
indicated there are no wells screened in the surficial aquifer being utilized as a source for
drinking water within a 4-mile radius of the NAVBASE. Currently, there is no evidence of
groundwater being used as a potable water source at- NAVBASE, apparently due to total
dissolved solids (TDS) concentrations ranging from 1,000 to 1,500 parts per million (ppm) in
the Santee. Even so, as outlined by the Guidelines for Groundwater Classification under the
EPA Groundwater Protection Strategy, Final Draft, December 1986, the shallow groundwater

is classified as Class 1IB, Potential Source of Drinking Water. In addition, the groundwater

14



CHARLESTON

O
519 z SOUTH CAROLINA
< QIS L] o LOCATION OF CROSS SECTION
m O - :j 170
3 olg Wi o !l & T
N o L] L
0 AL oIS a | w <
© Eim =0 oz I PLEISTOCENE
3= S DUPLIN @
= R 3]
]| =z
T N COOPER i3
- \F\ﬁ— SANTEE % S
|1 EOCENE OR bt
| UPPER CRETACEOUS ~ w
-~ UPPER CRETACEOUS ¢/ 3
PEEDEE &
{ [ BLACK CREEK? Ly
S~ [T BLACK CREEK S
SCALE: ] &
Horizontal 1= 20 miles N e
Vertical 1"= 400 feet S TUSCALOOSA >
PRE—CAMBRIAN  >~__
CRYSTALLINE ROCK o
FINAL RFI CSAP FIGURE 1—1
NAVAL BASE CHARLESTON| GEOLOGIC CROSS SECTION

CHARLESTON, S.C. FROM COLUMBIA TO CHARLESTON

SOURCE: NAVFAC, 1976 & ESE, 1981. DWG DATE: 0B,/08,/94 | DWG NAME: 0Z9EWCRS




Final Comprehensive Sampling and Analysxs Plan
Naval Base Charleston
August 30, 1994

This page is left blank intentionally.

1-6



Final Comprehensive Sampling and Analysis Plan
Naval Base Charleston

Revision No: 02

July 30, 1996

relating to the site has been classified as an underground source of drinking water (Class GB)

by SCDHEC (Water Classifications and Standards, R.61-68).

The Cooper Marl, in the Charleston area, is a well documented confining layer for the Santee
Limestone. The top of the Santee Limestone, which occurs at about 250 feet below msl in the
NAVBASE area, has a groundwater potentiometric elevation of approximately 15 feet above
msl. The hydraulic gradient is generally towards the southeast. Some wells in the vicinity of
NAVBASE are pumping from the Santee for industrial purposes. In July 1981, the water level
of a deep water well in the Santee Limestone beneath NAVBASE measured 15 feet below msl,
indicating that the gradient across the confining Cooper Marl is artesian. Specifically, water
from the confined aquifer of the Santee Limestone formation has an upward potential through

the Cooper Marl.

Groundwater in the shatlow aquifer beneath NAVBASE flows north-northeast into the Cooper
River and south-southeast into Shipyard Creek due to the gently sloping topography away from
the center of NAVBASE. Groundwaters in the immediate vicinity of Noisette Creek flow into
it. The water table is within 3 to 7 feet of the ground surface. The shallow groundwater table
continually but slowly discharges to the Cooper River and Shipyard Creek and, to a lesser

extent, into Noisette Creek. ¥

1.6 Climatology

The climate of the Charleston Harbor area is relatively mild compared to other areas further
inland. The mountains if the northern portion of the state serve as a barrier to cold air masses
from the northwest, and the Bermuda high pressure system limits the progress of cold fronts into
the area. These conditions produce relatively mild temperate winters. Summers are hot and
humid, but relatively moderate with regard to temperature extremes, largely due to the influence

on the Gulf Stream (S. C. SEA Grant Consortium, 1992).
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1.6.1 Temperatures

The average monthly air temperatures for the Charleston area are presented in Table 1.1. The
temperatures are generally moderated by marine influences and are often 2-3 °C lower in the
summer and 3-8 °C higher in the winter than those areas further inland from the harbor.
Temperatures higher than 38 °C and lower than -6.5 °C are unusual for the.area (S. C. SEA
Grant Consortium, 1992).

1.6.2 Winds

The wind direction and velocity in the Charleston area are highly variable, and rather evenly
distributed in all directions. The inland portions of the region are subjected to a
southwest-northeast wind regime. The prevailing winds are northerly in the fall and winter, and
southerly in spring and summer. The monthly average wind velocities and directions for the
area range from a low of 12.1 kph in May to a high of 16.7 kph in March. The average
monthly wind speeds and prevailing wind directions are presented in Table 1.1 (S. C. SEA

Grant Consortium, 1992).

1.6.3 Rainfall

The Charleston area receives an annual average precipitation of 124.9 cm which is almost
exclusively rainfall. Very little precipitation is recorded as snow, sleet, or hail. The greatest
mean monthly precipitation is normally received in July while the smallest amount normally
occurs in November (Table 1.2) (S. C. SEA Grant Consortium, 1992).

1.6.4 Humidity

Relative humidity in the Charleston Harbor area is normally very high and fluctuates greatly.
Generally, it is higher during the summer months than other times of the year, and the coastal
areas exhibit a lower relative humidity than inland portions of the area. The monthly mean
relative humidity for four different times of day are presented in Table 1.2 (S. C. SEA Grant
Consortium, 1992).
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January 16.4 3.1 14.8 Sw |
February 16.8 4.5 16.6 NNE
March 20.0 7.3 16.7 SSwW
April 249 11.5 16.1 SsSw
May 28.8 16.6 14.3 S
June 31.6 20.6 13.7 S
July 31.6 22.2 13.0 SwW
August 31.5 21.4 12.1 sSW
September 29.2 ’ 18.8 13.0 NNE
October 25.1 12.7 13.2 NNE
November 19.9 6.6 13.2 N
December 16.1 3.5 14.0 NNE
Annual 24.3 12.4 14.2 NNE

1.6.5 Cloud Cover

Cloud cover varies widely for Charleston, with annual averages of 101 clear days, 115 partly
cloudy days, and 149 cloudy days. The mean monthly clear, partly cloudy, and cloudy days for
the area are presented in Table 1.2 (S. C. SEA Grant Consortium, 1992).

1.6.6 Climate Extremes

The primary concern as far as climate extremes are concerned is the occurrence of tropical
cyclones or hurricanes. Hurricanes frequent the east coast of the United States, and almost
always have some effect on the weather around Charleston Harbor. Hurricanes normally occur
between August and December. The last hurricane to make landfall in the Charleston area was

hurricane Hugo a class IV hurricane which struck Charleston in September 1989 causing sever
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January 6.45 a2 84 55 73 8 8 16
February 8.36 79 82 52 68 9 8 13
March 9.98 81 83 50 67 9 9 13
April 7.32 84 84 50 67 11 8 1
May 9.17 88 84 54 72 8 12 11
June 12.65 g0 86 59 75 6 12 12
July 19.568 91 88 64 79 4 13 14
August 16.79 92 91 63 80 5 14 12
September 14.81 g1 91 63 82 7 11 12
October 7.21 88 89 56 80 12 8 11
November 5.31 85 87 51 77 13 6 11
December 7.24 82 84 54 74 9 8 14
Annual I 124.87 86 86 56 75 101 115 149

Note:
* (S.C. SEA Grant Consortium, 1392}

damage. Tornados are extremely rare in the vicinity but have occurred in the inland portions

of Charleston county (S. C. SEA Grant Consortium, 1992).

1.7  Ecological Setting

A survey of available documents regarding natural resources was conducted at NAVBASE. The
survey was conducted in order to make a preliminary identification of local flora and fauna, and
any potential biological receptors such as sensitive environments. The following sections

addresses the communities and sensitive environments identified during the survey.
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1.7.1 Sensitive Environments

A tributary of the lower Cooper River, Shipyard Creek, forms part of the eastern property
boundary of NAVBASE. Shipyard Creek is a navigable water body maintained to an Army
Corps of Engineers authorized depth of 38 feet below mean low water. The pertodic dredging
of sediment in this river affects communities of benthic organisms. The river contains numerous
wetlands including estuarine intertidal emergent, estuarine intertidal unconsolidated shore, and
estuarine subtidal unconsolidated bottom. A significant wetland community exists in the
intertidal emergent zone along Shipyard Creek. Vegetation consists primarily of Spartina spp.
"Demersal fish species which are typically associated with the lower water column and substrate
of Charleston Harbor include star drum (Stellifer lanceolatus), croaker (Micropogon undulatus),
bay anchovy (Anchoa mitchilliy, Atlantic menhaden (Brevoortia tyrannus), spotted hake
(Urophycis requis), weakfish (Cynoscion regalis), spot (Leiostomus xanthurus), blueback herring
(Alosa aestivalis), white catfish (Ictalurus catus), and silver perch (Bairdiella chrysura). Other
fish species commonly found in Charleston Harbor of primary interest to recreational and
commercial fisherman inciude flounder (Paralichthys spp.), redfish (Sciaenops ocellata), spotted
seatrout (Cynoscion nebulosus), bluefish (Pomatomus saltatrix), black drum (Pogonias cromis),
and striped mullet (Mugil cephalus). Four anadromous fish species including shad and herring
(Aolsa spp.), and striped bass (Morone saxatilis) and one catadromous species, American eel
(Anquilla rostrata) also utilize Charleston Harbor and its tributaries as migration routes and
spawning areas. Additionally, the endangered shortnose sturgeon (Acipenser brevirostrum), has

been documented as occurring within Charleston Harbor (Eudaly et al, 1991).

A second tributary to the lower Cooper River, Noisette Creek, transects the northern portion of
NAVBASE. Little information regarding Noisette Creek’s physical attributes, such as mean
depth, was discovered during this preliminary survey. The biota of Noisette Creek is anticipated
to be similar to that of Shipyard River due to the propinquity of these bodies, with the exception

of benthics as Noisette Creek is not dredged.
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The Clouter Creek Dredge Area is located on the eastern shore of the Cooper River. Clouter
Creek branches and rejoins the Cooper River to form an island reserved by the U.S. Navy for
dredge disposal. A 1993 United States Geologic Survey (U.S.G.S.) Geology of the Cainhoy,
Charleston, Fort Moultrie, and North Charleston Quadrangles, Charleston and Berkeley
Counties, South Carolina map characterizes Clouter Creek Dredge Area as artificial fill
surrounded by salt marsh. Extensive wetlands are indicated on the map including Broad Creek,
which transects the island. The biota of this site is anticipated to be similar to biota of
analogous wetland locations in the area. This may include nesting sites for migratory and

resident wading and shore birds.

The majority of NAVBASE is characterized as disturbed material. primarily dredge spoil used
for fill and material used in the upkeep of NAVBASE such as run of crusher (ROC) gravel,

asphalt and concrete parking areas, buildings, laydown yards, and improved roads.

The wetland at the southwestern section of the Base is identified on Survey of Charleston Naval
Base, Drawing h696-268, Map of Charleston Naval Shipyard, Naval Station, and Contiguous
Activities Existing and Planned — as Modified by U.S. Ammy Corps of Engineers, Charleston
District 2. February 1988. In summary, they include estuarine subtidal unconsolidated bottom
and estuarine intertidal emergent zones along Shipyard Creek. An unimproved road transects
the wetland inland from these zones and to the east of the road is primarily salt marsh with
irregular topography which allows for zones in which non-hydrophytic vegetation exists. No

other significant wetlands are known to exist at NAVBASE.

1.7.2 Threatened and Endangered Species
Information concerning threatened and endangered species was obtained from the South Carolina
Heritage Trust of the South Carolina Wildlife and Marine Resources Department. Table 1.3

identifies species of concern listed for Charleston County and reports the status of these species.
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Amaranthus pumilus Sea-beach amaranth T
Oxypolis canbyi Canby's dropwort E
Lindera melissifolia Pondberry E
Schwalbea americana Chaff-seed E
Myotis austroriparius Southeastern myotis C2
Agrimonia incisa Incised groovebur C2
Asplenium heteroresiliens Wagner's spleenwort c2
Aster georigianus Georgia aster c2
Dionaea muscipuia Venus’ fly-trap c2
llex amefanchier Sarvis holly C2
Litsea aestivalis Pondspice Cc2
Lobelia boykinii Boykin’s lobetlia Cc2

Eulophia

Pteroglossaspis ecristata

 Faupa ..

Trichechus manatus

West Indian manatee

Falco peregrinus tundrius

Arctic peregrine falcon

Flaliaeetus leucocephalus

Bald eagle

Vermivora bachmanii

Bachman’'s warbler

Mycteria americana

Wood stork

Picoides borealis

Red-cockaded woodpecker

Charadrius melodus

Piping plover

Lepidochelys kempii

Kemp’s ridley sea turtle

Dermochelys coriacea

Leatherback sea turtie

Caretta caretta

Loggerhead sea turtle

Chelonia mydas

Green sea turtle

S (4[4 |mljAmm|m]m/|A|m
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Acipenser brevirostrum Shortnose sturgeon E*
Odocoileus virginianus Bull’s Island white-tailed dear c2
Plecotus rafinesquii Fafinesque’s big-eared bat C2
Aimophila aestivalis Bachman’s sparrow Cc2
Lateralus jamaicensis Black rail c2
Lanjus ludovicianus Loggerhead shrike c2
Ophisaurus compressus Istand glass lizard c2
Rana areolata capito Gopher frog c2
Ambystoma cingulatum Flatwoods salamander c2
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2.0 GENERAL REQUIREMENTS

2.1  Sampling Strategy

Before any sampling is conducted, a sampling strategy will be developed. The sampling strategy
will take into consideration:

. The environmental quality of the Base as a whole.

. The possible impacts of one SWMU/AOC on another.

. The benefit to be gained at one SWMU/AOC by sampling at another.

. The possibility of environmental contamination migrating onto an/or off of the Base.

. Specific data needs for various potential presumptive remedies; this is needed to know

how to design the Corrective Measures Study (CMS), and when to end the RFI and begin

the CMS.
. Data needs of other related activities such as the Baseline Risk Assessment.
° The specific need for each piece of data, and.
. A minimum of mobilizations.

2.2 Orientation Meeting

Before performing any field activities at the NAVBASE, sampling personnel will attend an
orientation meeting summarizing general and site-specific requirements for sampling and
documentation at NAVBASE. General topics to be discussed will include the base location, the
locations of the sfté office trailer, subject site, decontamination area within the base; and the
Comprehensive Health and Safety Plan (CHASP). Sampling requirements to be discussed will
include general sampling protocol, the Unified Soil Classification System (USCS), use of the
stainless-steel sampling sleeves if applicable, the sample numbering system, quality
assurance/quality control (QA/QC) sampling requirements, and sample packaging.
Documentation requirements to be discussed will include the use of field forms, field logbooks,
and documentation of photographs. A checklist of requirements and an acceptance form
indicating the above items have been reviewed by sampling personnel are provided in

Appendix A.
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2.3

General Sampling Requirements

General procedures for field personnel to follow when collecting environmental samples are

included in this section. Detailed sampling procedures are discussed in Sections 4, 6, 7, 8,

and 9. These general procedures are designed to prevent cross-contamination of samples.

General Sampling Procedures:

Field sampling teams will have at least two people. One person will collect the sample
as the other ensures adherence to the sampling procedures, records any difficulties
encountered, and documents other information pertinent to the investigation. When
sampling using the peristaltic pump/vacuum jug technique (often the preferred method
for shallow wells where turbidity is of concern), the recommended order of collection
is metals, cyanide, pesticides/PCBs, volatiles.

All sampling activities in each medium will proceed from the area of least contamination
to greatest contamination, if possible. If free product or contaminant-saturated media are
encountered, collect grab samples there. |

The preferred order of sample collection in all media will be as follows (on a parameter
basis): volatile organic analysis (VOA), total organic carbon (TOC), semivolatile organic
analysis (SVOA), pesticides, herbicides, polychlorinated biphenyls (PCB), total metals,
dissolved metals, cyanide, inorganics, and turbidity.

The sampler will don a clean pair of protective gloves before collecting each sample.
Samples for chemical analysis will be collected with either disposable sampling devices
or decontaminated, stainless-steel or Teflon™ devices. When composite samples are
required, they will be homogenized in stainless-steel bowls. All sampling equipment will
be decontaminated in accordance with the procedures outlined in Section 15 of this plan.
Disposable sample equipment will be constructed of Teflon”. The device will be
decontaminated by the manufacturer before shipment to the site. An equipment rinsate

blank will be collected before use.
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. Fill all sample bottles, except for VOA bottles, to the shoulder to compensate for
temperature and pressure changes during transport. If the container is filled below the
shoulder, mark the level with a permanent marker or grease pencil. VOA bottles will
be fiiled until there is zero headspace.

. Samples collected for VOA analysis will not be homogenized.

. All samples requiring chemical preservation shall be preserved immediately after field
collection or the bottles may be preserved before sample collection.

. After collection, samples exhibiting obvious visual or olfactory contamination will be
separated from the samples not exhibiting such evidence of contamination.

d Precleaned sample containers will be provided by the analytical laboratory except for the
stainless-steel sleeves used for soil sampling, which will be decontaminated onsite. All
data relative to sample container integrity shall be documented in the site log.

. Heterotrophic plate count samples will be collected with sterile containers and scoops

provided by the laboratory.

Sample Processing:

Some of the analyses to be performed on selected samples require them to be preserved

immediately after collection to maintain their integrity, as per the following procedures:

* Clearly identify the chemical preservative on the sample label.

. Chill all samples to 4 degrees centigrade (°C) immediately after collection and during
shipment to the laboratory. In each cooler, include a 40-milliliter (ml) vial of tap water
as a temperature blank or place a temperature strip on a sample bottle to measure its
temperature at the time of receipt. If possible, samples from different sites will not be
placed in the same cooler.

d Handle the samples as infrequently as possible. Use extreme care to ensure samples are
not cross-contaminated. Use sealable plastic bags to protect samples from cross-

contamination.
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A trip blank, prepared by the laboratory, will be shippéd with each set of samples to be
analyzed for VOA. It is not necessary to refrigerate trip blanks before use; store in a
dust-free, organic-free environment away from fuels, solvents, and volatile compounds.
Discard any trip blanks with bubbles larger than a pinhead.

Avoid headspace (bubbles) in all VOA samples. VOA samples effervescing due to
dissolved gases or high carbonate content will not be preserved with hydrochloric acid
(HC!). Document unpreserved VOA samples on the chain-of-custody form and notify
the laboratory before shipment.

Identify and fully document all samples in the field logbook, on the chain-of-custody
forms, and on the sample labels. Refer to the specific instructions for completing sample
labels and chain-of-custody forms in Sections 11.3, 11.4, and 11.5 of this plan.
Document all samples in accordance with the DMP.

Follow chain-of-custody procedures to assure sample custody is maintained in a reliable
manner and to assure each step in transportation to the laboratory is documented. This
process will be initiated in the field and followed throughout the sampling process.
Document chain-of-custody in accordance with the procedures described in Section 11.5
of this plan.

Every effort will be made to ship all samples overnight to the laboratory on the day of
collection via express air courier.- Refer to Section 11.3 for sample shipment procedures.
Record airbill numbers on the chain-of-custody forms.

The laboratory will be notified in advance of sample shipment.
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3.0 PHYSICAL SURVEYS

3.1 Well Inventory
Before beginning any field activities, all existing monitoring wells at the NAVBASE will be

inventoried to ensure the validity and accessibility of groundwater sampling locations. A well

integrity checklist is provided in Figure 3-1.

Before the Well Inventory
Before beginning the well inventory, the following information will be recorded on the well
integrity checklist from previous reports.
. Well number and SCDHEC well permit number
. Reported dimensions of the monitoring wells including:
— Diameter
— Total well depth
— Last available depth to water
— Screened interval
— Suspected contaminant

A site map will be included with the well inventory checklist for locating the monitoring wells.

During the Well Inventory

The condition of all monitoring wells will be checked and recorded on the well integrity
checklist. Conditions to be checked will include:

. Legible labeling of the monitoring well (if the labeling is illegible, the wells will be

relabeled during the inventory).

. Presence of a protective casing and the presence of weep holes.

. Presence of yellow bumper posts.

. Condition of the cement surface seal.

. Presence of a well cap and lock. (Damaged locks will be replaced during the well

inventory.) All Installation Restoration Program (IRP)-related locks will be keyed alike.
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Presence of odor or ionizable organic vapors using an photoionization detector (PID) or
flame ionization detector (FID).
. Construction of the well including:
— Construction material
— Diameter

— Depth to water and depth to bottom.

After the Well Inventory

Monitoring wells no longer needed will also be abandoned. All damaged wells (unable to be
sampled) will be abandoned in accordance with SCDHEC standards and regulations. If
additional monitoring wells are needed to replace the abandoned ones, they will be installed
during the site-specific investigation. Damaged surface seals will be removed and replaced,
bumper posts will be installed and/or painted, and protective casings will be repaired or replaced

as necessary during the site-specific investigation.

3.2  Geophysical Surveys

3.2.1 Magnetometer Survey

A magnetometer survey identifies areas of buried metallic objects and geologic anomalies
(magnetic mineral formations) contrasting with the surrounding rock or subsurface soil. The
magnetic field strength, measured by the detector as a magnetic signal intensity, varies between
1/r and 1/1% (r being the distance from the sensor to the buried object), depending upon the type
of object. Metal location and depth of burial is indicated by the shape and width of the
anomaly. The accuracy of this method is within 40 percent of the interpreted value. Total field
and vertical gradient measurements are two types of magnetic surveys. Setup procedures apply

to both types.
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Figure 3-1 Well Integrity Checklist

WELL INTEGRITY CHECKLIST

Project: Naval Base Charleston

Field Personnsl:

Date:
Reported Dimensions Field-Observed Dimensions Calculation
PID/FID Last Obsv. |Depthi- Column
Welt & Protector! Cament Response Reported Caonst, Avail. Screened Obav. W.L/ Ohsv. W.L] of
Permit Location/ Weep Surface Cap/ or Odor Diam, Dapth Wi, Depth Diam. Time Depth Depth Water Contam.
# found/sketch hole Seal Lack (ppm} tinches} {feeth . {fest) faet} {inchas) {faat) faat} {leat) {gallons) Expect Comments
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Setup Procedures:

1.

[§9]

L

n

Review past disposal practices to identity target and non-target areas.

Determine the minimum size of target to be identified.

Reconnoiter the site to identify areas of potential magnetic interference (e.g., metal
fences, metal buildings, and power lines).

Review the site geology to determine if any geologic anomalies might interfere with
target detection.

If anomalies are expected. estimate their intensity.

Establishing a Grid System:

6.

A South Carolina-registered survevor or EnSafe/Allen & Hoshall (E/A&H) personnel
will define the two baselines (x and vy axes) and record the baselines and other key
elements of the grid on report maps. [f possible, establish the grid so the lines are
perpendicuiar to the target axes. If not possible, align the grid north to south or anchor
it to a permanent site feature.

The baselines will be flagged at regular intervals, in accordance with the site-specific
SAP. The distance between sampling points depends on the resolution required for a
particular site. The closer the sampling points are to each other, the greater the
resolution.

The internal grid points then will be established using a Brunton compass and measuring
tape. Use a non-metallic marker. such as a wooden stake, to identify stations.

Check the calibration date of the magnetometer. If the magnetometer has been calibrated

more than one vear ago, return it for recalibration.

Total Field Measurement Survey

The total field measurement is a scalar measurement of the total magnetic field intensity. The

person operating the magnetometer must be tree of any magnetic material (e.g., steel-toe boots).
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Survey Procedures:
1. Place the magnetometer at a station, properly orient the sensors, and collect the reading

in accordance with the manutacturer's operating manuai.

| ]

Hold the magnetometer approximatety 0.5 meters above the ground surface to obtain a
reading. At subsequent grid nodes. the magnetometer must be held at the same height.

A 0.5-meter mark on a staff may be used to estimate this height.

(WP

Record the magnetometer reading, measurement time, grid node identification, and

applicable comments in the field logbook.

Vertical-Gradient Field Measurements
The vertical gradient field measurement consists of two or more total field measurements taken
at different sensor heights. This helps quantify regionally pervasive magnetic effects from

nearby building or ubiquitous bedrock magnetization.

Survey Procedures:
1. At each grid node. collect total field measurement at 0.5 meters above the ground

surface.

1J

Collect a second reading with the sensor approximately 1 to 2 meters above the point
where the first reading was taken. A staff will be designed to hold the two sensors so

separation can remain constant.

L2

Record the second value and the distance between the readings.

4. Record any additional comments in the field logbook.

Lh

Collect readings at the remaining grid nodes with the same distance between the first and

second readings.

In most cases it will be necessary to correct for drift and sudden fluctuation in the earth’s
magnetic field intensity. This can be done in one of two ways. Method 1 uses a "tie base

station" and repeats the measurements there at least once every hour. The data obtained between
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repeats at the base station can then be corrected by a linear interpolation. Method 2 uses a
second magnetometer to continuously monitor the magnetic field. The data are then corrected
manually or by software in digitai magnetometers. Method 2 is more costly but more accurate,

and is sometimes necessary due to prevailing conditions.

3.2.2 Electromagnetic Induction Survey
This section describes the procedures tor conducting an electromagnetic (EM) survey with an

EM-31 terrain conductivity meter. Survey procedures are detailed below.

Induction Survey Setup Procedures:
1. Review past disposal practices at the site in order to identify buried targeted and non-

targeted metallic objects.

12

Review the site geology for variable geologic conditions or features, possibly causing

spurious anomalies affecting target detection.

(93]

If anomalies are expected. estimate their intensities.
1. The EM survey can be completed with horizontal and/or vertical dipoles, and with

conductivity with/without in-phase component.

n

The intervals of the grid system will be defined in the site-specific SAP.
6. Tie the grid system to existing permanent features (i.e., roads and buildings) so the grid
may be used for locating and mapping physical site features, such as monitoring wells,

and tracing contaminant plumes.

|

Mark the grid system origin and key axes using a Brunton compass and tape to ensure

accurate instrument placement.
EM Instrument Calibration

EM instruments are calibrated by the manufacturer. Instrument calibration checks will be

performed betore use each day in accordance with manufacturer’s specifications.
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[f site activities are expected to last more than one day, select a local standard site in the field
to provide a reference base station. The instrument will be calibrated daily at the base station

to check for drift in the instrument’s performance.

EM Instrument Field Check Procedures:
L. Select a reference base station without nearby conductors and obtain a reading with the

EM instrument.

[ )

Record the site location. orientation of each coil (e.g., east-west versus north-south), coil

spacing, and the EM reading in the field logbook.

LY )

At the beginning of each subsequent day. obtain a reading at the test site with the same
coil spacing and orientation as before. Variation should be less than +5 percent.
4. Record the reading and location in the field logbook, and compare with the initial reading

to cross-check for instrument drift.

Data may be obtained using horizontal or vertical dipoles. For an EM-31, the horizontal dipoles
are selected when the instrument is placed with the meter facing up; vertical dipoles are selected
when the meter faces the horizon. In both cases, the long boom is held parallel to the ground
at a fixed height. Horizontal dipoles are usually used since they provide the deepest penetration
{about 12 meters). Vertical dipoles are only useful in certain applications (i.e., when better

resolution at shallower depths is required.)

[n addition, one can choose conductivity mode and/or in-phase mode. Always use at least
conductivity mode. In-phase can be run in addition to conductivity to help better define buried

metals.

3.3  Cadastral Survey/Geodetic Survey
When the field investigation is complete, a survey will be conducted to locate all sampling

locations. both horizontally and vertically. The vertical elevations will be surveyed to an
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accuracy of +0.01 foot. The horizontal locations will be supplied in latitude and longitude, in
accordance with North American Datum (NAD) 83. In addition, locate all utilities, above-
ground structures. and surface improvements (e.g., pavement). Geodetic surveys will be
conducted using a differentiai giobal positioning system (GPS). The cadastral survey wiil be

conducted by vendor-registered land surveyors in South Carolina.
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4.0 SOIL SAMPLING

Soil sampling locations will be positioned in accordance with the site-specific SAP. Techniques

for sample collection depend on the soil type, depth of the sample, and

1 foot below land surface (bls) exclusive of rocks, twigs, leaves, and vegetation. Surface soil

samples may be collected manually with hand augers. Power devices such as drill rigs,
backhoes,
depending on the depth of the sample to be collected and the soil type. Samples collected 1

frequently are used for deeper subsurface samples,

may include steel split-barrel samplers with stainless-steelgf

a drill rig

: liners, steel split-barrel samplers without liners, or Shelby tubes (Shelby tubes
will only be used to collect samples to be analyzed or tested for physical parameters). If

stainless-steel liners are used, all samples {(except for VOA) will be homogenized in the field.

Each soil sampling team will have at least two members. One person will collect the sample
as the other documents information in the field logbook regarding adherence to sampling

procedures, difficulties encountered, and other pertinent information.

4.1 Designating Soil Collection Locations

Soil boring, surface soil sample collection locations, and test trenches will be designated in
compliance with the sample identification system outlined in Section 11.4 of this CSAP to
facilitate sample data management. Soil borings, surface soil sample collection locations, and
test trenches will be labeled by site (first three digits), media sampled (one matrix digit), and
unique number (four digits). For example, if soil boring 28 was advanced at SWMU #36, the
boring designation would be "036S0028." Another example: if a surface soil sample was
collected at location 12 at SWMU 30, the designation should be "030S0012." Different
identification numbers must be designated for surface soil collection locations and soil borings.

For example, if a surface soil sample is to be collected at location 01 at SWMU 33 and a soil
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boring designated "01" also was advanced at SWMU 33, the identification numbers would be
the same (033S0001). These errors are easily avoided with careful planning. Previously
existing borings, surface sampling locations, and trench identifications will be modified to
correlate with this labeling system. For example, the soil boring at location 04 of SWMU 9,
currently labeled "S09-B04" would become "009S0004."

4.2  Soil Description

Samples will be described by a qualified geologist using the USCS on a soil boring log. A
USCS summary and sample boring log are included as Figures 4-1 and 4-2, respectively. If
trenching is used to uncover subsurface soil, soil characteristics should be described in the field
logbook. Descriptions will include color, texture, grain size, staining, and odor. In accordance
with the American Society for Testing and Materials (ASTM) standards for Description and
Identification of Soils using the USCS (Visual-Manual Procedure) (ASTM D2488-90).

4.3  Soil Screening Techniques

4.3.1 Dexsil™ Cl- Screening

Dexsil™ Cl- screening is an effective tool for pesticide/PCB screening and is useful for
establishing soil sampling locations. This survey requires establishing a grid system across the
site. This may be done using the grid establishment procedures provided in Section 3.2. Soil
samples may be collected from the designated intervals using any of the procedures provided in

this section. Procedures for using the Dexsil™ equipment are provided below.

Before Sampling
Attach power supply.
Fill the electrode with filling solution provided by the manufacturer.

Empty the electrode by pressing down on the white cap.

1

2

3

4. Refill the electrode with the filling solution to the hole.

5 Fill one 40-ml VOA vial with rinse solution provided by the manufacturer.
6

Place the electrode in the rinse solution.
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Calibration

7. Turn power on.

8. Fill one 40-ml VOA vial with calibration solution.

9. Remove the electrode from the rinse solution and wipe with Kemwipe™.

10.  Place electrode in calibration fluid and swirl for a few seconds.

11.  Move selector knob to "CAL."

12.  Press "Start."

13. When "READ" light comes on, adjust to "50."

14.  Remove electrode from calibration solution, wipe with Kemwipe™, and place in rinse

solution.

Sample Preparation

15.
16.
17.
18.
19.
20.

21.

22.

23.

24,

25.

26.

Tear a white-capped tube removing the cap provided by the manufacturer.

Weigh 10 grams of soil in tube.

Empty contents of one extract solution into tube.

Shake for one minute. Let settle for two minutes.

Setup drying tube/syringe apparatus. Place apparatus in black-capped tube.

Use polyethylene pipette to remove at least 7 ml of extraction solvent from top of soil.
Place solvent in open syringe.

Apply pressure to syringe to force the solvent through drying column at a rate of two to
three drops per second.

Fill black-capped tube to the 5-ml line. Replace black cap tightly.

Break the bottom clear ampule. Shake for 10 seconds.

Break the top gray ampule. Shake for 10 seconds. Continue to shake intermittently for
60 seconds.

Add 5 ml of extract solution (using 5-ml pipette). Shake for 10 seconds. Vent cap (turn
1/2 turn), squeeze tube, and cap tightly. Shake vigorously for 20 seconds.

Allow tube to settle upside down for two minutes.
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27.  Filter bottom phase through polyethylene filter funnel into analytical vial (small white
vial). Stop filtering when first drop of yellow liquid hits the filter.

28. Allow extracted fluid to cool for five mimutes.

Analysis

29.  Remove electrode from rinse solution. Wipe dry with Kemwipe™.
30.  Place electrode in extracted solution.

31.  Press "start.”

32. Read and record results.

After Analysis
33. Place all investigation-derived wastes (IDW) in 55-gallon drums for future disposal by
the Navy in accordance with Section 16 of this CSAP.

4.3.2 Immunoassay Screening

Immunoassay screening is effective for petroleum hydrocarbon, polyaromatic hydrocarbons
(PAH), pentachlorophenol (PCP), and PCB screening and is useful for establishing soil sampling
locations. This survey may require establishing a grid system across the site using the
procedures in Section 3.2. Soil samples may be collected from the designated intervals using
procedures provided in this section. Procedures for using immunoassay screening equipment
varies between manufacturers and are provided in each test kit. Procedures for use will be

detailed in the site-specific SAP.
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4.4

Surface Soil Sample Collection

Before Surface Soil Sampling:

1.

2
3.
4

Don personal protective clothing and equipment as required by the site-specific CHASP.
Stake the location(s) to be sampled.

Clear vegetation and other debris from the surface around the boring location.

Place clean plastic sheeting on the surface near the sample collection location to hold
decontaminated sampling equipment.

Set up a decontamination area for sampling equipment, if required.

During Surface Soil Sampling:

6.
7.

Remove surface debris from the sample location.

With a stainless-steel device, scrape the sample collection location to obtain a previously

unexposed surface.

Use a decontaminated stainless-steel or Teflon™lined sampling device (e.g., spoon,

spatula) to collect the volume needed to fill the sample container(s).

For Grab samples:

. Completely fill the sample containers directly from the sampling device, avoiding
twigs, large rocks, and grass. Collect the VOA samples first.

° Be sure to have zero headspace in the VOA sample container.
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. Place the remainder of the sample in the mixing bowl and thoroughly
homogenize. Place the homogenized mixture into the appropriate sample
containers.

For Composite samples:

. Empty contents of the sampling device into a decontaminated stainless-steel or
Teflon™lined bowl. Coliect enough to fill all the containers.

. Mix sample in accordance with ESDSOPQAM procedures using a decontaminated
stainless-steel or Teflon™-lined spoon or spatula. Do not mix samples for VOA
analysis.

o Place the homogenized mixture into the appropriate sample containers.

For Toxicity samples:

. Empty contents of sampling device into appropriate sample container.

o Toxicity samples will not be composited.

10.  Secure container with Teflon™lined cap.

11. Label each sample container and preserve to 4°C.

After Surface Soil Sampling:

12.  Backfill the borehole with any excess soil.

13.  Record pertinent information in the field logbook.

14, Clean site. Place contaminated disposable materials in the designated drum for disposal

by the Navy.

4.5 Hand-Augering Sample Collection

Before Augering:

1. Don personal protective clothing and equipment as required by the site-specific CHASP.

2. Stake the location(s) to be sampled. The survey will include horizontal location and
elevation relative to msl or other specified reference data. Horizontal and vertical

surveying may occur before or after the sampling event, as applicable.
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Clear vegetation and other debris from the surface around the boring location.
Place clean plastic sheeting on the surface near the sample collection location to hold
decontaminated sampling equipment.

Set up a decontamination area for sampling equipment, if required.

During Augering:

6.
7.

10.

Begin augering to the depth required for sampling.

Make detailed notes about geologic features of the soil or sediments on a field boring

log.

Stop drilling at the top of the specified or selected sampling depth. Remove the

contaminated auger bucket and replace with a decontaminated bucket.

Collect sample.

. Without homogenizing, collect VOA samples from auger bucket and immediately
place into the appropriate container. Fill the container so there is zero headspace.

. Place the remaining sample volume into a stainless-steel bowl. Mix the sample
in accordance with ESDSOPQAM procedures until thoroughly homogenized and
place into the appropriate containers. Label the samples and preserve to 4° C.

. Record the sample identification number, sample collection depth, and analyses
required in the field logbook and/or on the appropriate field forms.

Proceed with additional sampling, as the site-specific work plan requires.

After Augering:

11.

12.
13.

14.

Backfill the borehole with excess cuttings, neat cement grout, or hole plug as the
site-specific work plan stipulates.

Decontaminate all equipment in accordance with Section 15 of this CSAP.

Place used plastic sheeting and other disposable sampling equipment in the designated
drum for disposal by the Navy.

Complete the field logbook entry and soil boring log for the site.
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4.6 Sample Collection by Drill Rig/Backhoe

Soil borings advanced by a drill rig will use hollow-stem augers as outlined in Appendix E.2.1
of the ESDSOPQAM. During borehole advancement, a PID or FID will be used to monitor the
breathing zone for volatile organic vapors. The augers will be advanced without a center plug
to facilitate split-barrel or Shelby tube sample collection. To improve recovery in sandy soil,
continuous split-spoon sampling may be completed using a Central Mine Equipment continuous
coring system in some areas. Soil boring locations will be determined based on the site-specific
SAP. After soil samples are obtained to the proper depth, the borings will be abandoned with
neat cement grout or completed with monitoring wells. Soil samples also may by collected from

test trenches. Specific sampling procedures are provided below.

4.6.1 Split-Barrel
Before Split-Barrel Sampling:

1. Don personal protective clothing and equipment as required by the site-specific CHASP.

2 Stake the location(s) to be sampled.

3 Clear vegetation and debris from the surface.

4 Prepare the site by placing plastic sheeting around the borehole and over the sampling
table.

5. Align the derrick of the drill rig at the sampling location.

6. Set up a decontamination area for sampling equipment, if required.

7. Install four decontaminated, 6-inch, stainless-steel liners in the steel split-barrel sampler,

if required.

During Sampling:

8. Install a decontaminated steel split-barrel sampler on the center rod(s) and insert into the
hollow-stem auger. Connect the hammer assembly and lightly tap the rods to seat the
drive shoe at the ground surface.

9. If blow counts are needed, mark the center rods in 6-inch increments from the top of the

auger flight(s).
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10.

11.

12.

13.

14.
15.

16.

Drive the sampler using the hammer. Use a full 30-inch drop as specified by ASTM
Method D-1586. Record the number of blows required to drive the sampler through each
6-inch increment.

If blow counts are not needed, push the sampler using the drill rig’s hydraulics.

Cease driving or pushing when the full length of the sampler has been driven or upon

sampler refusal. Refusal occurs when little (<1 inch) or no progress is made after

50 blows of the hammer.

Pull the sampler free by using upswings of the hammer to loosen it, or using the drill

rig’s winch., Pull out the center rod and sampler.

Unscrew the split-barrel assembly from the center rod and place it on the sampling table.

Remove the drive shoe and head assembly. If necessary, tap the split-barrel sampler

assembly with a decontaminated hammer to loosen threaded couplings.

Processing for samples collected with stainless-steel liners:

a. With the drive-shoe and head-assembly off, split the sampler and remove the
liners without disturbing the contents.

b. Screen sample with PID or FID, and select two samples with highest readings for
laboratory analysis. If there are no headspace readings, submit the two bottom
liners for laboratory analysis.

c. Immediately install a Teflon™ septa over the ends of the selected liners and cap
and seal the VOA samples with PVC caps. The remainder of the sample material
will be placed in a stainless steel mixing bow! and thoroughly homogenized prior
to containerization.

d. If additional samples are needed for quality control (e.g., duplicates, matrix spike
(MS) samples, matrix spike duplicate (MSD) samples) the other two liners will
be covered and capped.

NOTE: If the recovery is not complete (<2 feet), submit the two sleeves with the

most complete recovery.
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17.
18.
19.

20.

21.

22.

23.

24.

Processing for samples collected without stainless-steel liners:

a. With the drive shoe and head assembly off, split the sampler and expose the
contents.

b. Screen sample with PID or FID.

C. Immediately containerize samples for VOA analysis with zero headspace. Place
the remaining sample into a stainless-steel bowl for mixing. After homogenizing
in accordance with ESDSOPQAM procedures, containerize the sample.

Label the samples in accordance with Section 11 of this CSAP.

Preserve the samples at 4°C.

Decontaminate sampling equipment as needed in accordance with Section 15 of this

CSAP.

Attach the hollow-stem auger with the cutting head and center rod(s).

Proceed to the next sampling depth.

Slightly raise the auger flight(s) to disengage the cutting head and rotate without

advancement to clean cuttings from the bottom of the hole.

Collect samples as outlined above by inserting the steel split-barrel sampler into the

hollow-stem auger.

Describe sample lithology on soil boring logs based on observations of the auger

cuttings, the bottom end of the sample in the liner, or the sample inside the split-barrel

sampler (when liners are not used).

After Split-Barrel Sampling:

25.

26.
27.

28.

Backfill the borehole with neat cement grout or hole plug as stipulated by the site-specific
work plan stipulates.

Remove the drill rig to the heavy-equipment decontamination area.

Place used plastic sheeting and other disposable sampling equipment in the designated
drum for disposal by the Navy in accordance with Section 16 of this CSAP.

Record all relevant information in the field logbook before leaving the site.
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4.6.2 Shelby Tube
Before Shelby Tube Sampling:

Don personal protective clothing and equipment as required by the site-specific CHASP.
Stake the location(s) to be sampled.

Clear vegetation and debris from the ground surface.

Prepare the site by placing plastic around the borehole and over the sampling table.
Align the decontaminated drill rig to the sampling location.

Set up a decontamination area for sampling equipment if required.

During Sampling:

7.
8.

10.

11.

12.

13.

Advance augers to the desired sample depth.

Attach a head-assembly to a decontaminated Shelby tube. Attach the Shelby tube to the
center rods.

Lower the Shelby tube and center rods into the hollow-stem augers until seated at the
bottom.

Use the rig’s hydraulics to push the Shelby tube to its full length or until refusal. Attach
a hoisting plug to the upper end of the center rod, twist to break off the sample, and pull
it out of the borehole with the rig winch.

Retrieve the Shelby tube to the surface, detach it from the center rod, and remove the
head assembly.

NOTE: Shelby tubes may not retain loose, sandy soil.

If the Shelby tube does not have a full recovery, pack the remaining space with paraffin
to prevent soil movement within the tube.

Seal the ends of the Shelby tube immediately. Mark the top end of the tube for transport
to the laboratory.
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After Shelby Tube Sampling:

14.  If drilling is complete, abandon the borehole with neat cement grout or hole plug as
site-specific work plan stipulates.

15.  Remove the drill rig for decontamination.

16.  Place used plastic sheeting and any other disposable equipment in the appropriate drum
for disposal by the Navy.

17.  Record relevant information in the field logbook before leaving the site.

4.6.3 Test Trenching
Test pits and trenches are open excavations used to determine the shallow subsurface conditions
at the site. Test pits and trenches can be excavated manually or mechanicaily with a backhoe

or bulldozer.
Before Trenching:
1. Don personal protective equipment as the site-specific CHASP requires.

2. Collect surface soil samples if the site-specific work plan requires.

During Trenching:

3. Carefully excavate soil in 1-foot increments and stockpile in a designated area on plastic
sheeting.
4. Coilect subsurface soil samples as required in the site-specific work plan. Avoid entering

the test trenches. Use sampling devices, such as a hand auger with extension
handles/rods, to collect samples after removing smeared materials with a decontaminated
spoon or other scraping device. If necessary, collect samples from the center of the
decontaminated backhoe bucket from a previously unexposed surface. Conduct sampling
in accordance with Sections 4.4 or 4.5 of this CSAP.



Final Comprehensive Sampling and Analysis Plan
Naval Base Charleston

Revision No: 02

July 30, 1996

5.

If the test trench is deeper than 3 feet and personnel entry is required, walls must be
stabilized according to Occupational Safety and Health Administration (OSHA)
requirements.

Water or other liquids removed from the excavation must be considered contaminated.
Contain the liquid until it can be returned to the excavation properly disposed of by the
Navy in accordance with Section 16 of this CSAP.

Sample liquids in a test trench according to surface water sampling procedures presented
in Section 7 of this CSAP or sample using a decontaminated stainless-steel well screen
and decontaminated bailer.

Photograph all significant features in the test trench. Record all pertinent information

in the field logbook as listed in Section 4.2.

After Trenching:

9.

10.

11.

12.

As required, collect samples of the stockpiled soil for Toxicity Characteristic Leaching
Procedure (TCLP) analyses.

Backfill the trench with clean material or stockpiled soil to the surface after all samples
have been collected in accordance with the site-specific work plan.

Place all used plastic sheeting and other disposable equipment in the designated drum for
disposal by the Navy in accordance with Section 16 of this CSAP.

If stockpiled soil is contaminated, dispose of it in accordance with applicable state and

federal regulations.
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5.0 INSTALLING AND DEVELOPING MONITORING WELLS

The following section provides procedures for installing temporary monitoring wells, installing
permanent monitoring wells in unconfined and confined aquifers, and developing those wells.
The installation of temporary wells (i.e., a well installed for a one-time sampling event) is not
anticipated; however, the method is presented as a viable alternative to Hydropunch sampling
for collecting screening level data for sample analyses that require greater than 500 ml of sample

volume should it become necessary.

5.1 Monitoring Well Permitting

Before beginning drilling activities, a well permit must be obtained from SCDHEC for all
monitoring well instailations in accordance with the South Carolina Well Standards and
Regulations (R.61-71). Approval for the installation of all monitoring wells, including
permanent, temporary and/or non-standard wells (Hydrocone™, Hydropunch™, etc.) will be
obtained from the SCDHEC prior to installation. Specific items to be included in the request

are listed below.

o Proposed monitoring well designation number.
o Site map showing proposed locations of the monitoring wells.
o Proposed monitoring well construction details including materials of construction, depth

of monitoring well, and depth of screened interval.

o Proposed monitoring well construction procedures including hydration time for bentonite
pellets and cure time for bentonite grout.

o Justification for installing flush-mount monitoring wells, as necessary, and a list of

monitoring wells to be flush-mounted.

The request for monitoring well installation approval should be submitted at least three weeks

before beginning drilling activities.
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5.2  Monitoring Well Designations

Monitoring wells will be designated as part of the sample identification system to facilitate

sample data management. SH;

;. Pre-existing wells will be designated by modifying the well name to correlate with this
monitoring well designation system. A unique number must be assigned to all wells. The well
inventory will be consulted before assigning a number to a new or existing monitoring well to

prevent duplication.

5.3  Drilling Methods

For a permanent monitoring well, boreholes will generally be advanced using hollow-stem
augers with PVC plugs, as outlined in Appendix E.2.1 of the ESDSOPQAM (included as
Volume V of the RFI Work Plan), if no soil is to be sampled. The PVC plug may be needed
to keep the augers clear while drilling in saturated media. If soil must be sampled, the borehole

will be advanced and sampled in accordance with Section 4 of this CSAP #sii
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i s-Fail; water rotary methods will be attempted. Mud rotary
drilling techniques will be attempted only as a last resort. Pure bentonite drilling mud will be

used in these instances.

For a temporary monitoring well, soil borings will be advanced using manual (hand) auger

drilling methods or hollow-stem auger.

5.4  Monitoring Well Construction

All monitoring wells will be constructed in accordance with the SCDHEC regulations and as

outlined in Appendix E.4.1 and E.4.2 of the ESDSOPQAM with the following modifications.

o A tremie pipe will be used to place well construction materials if the total depth of the
borehole is 20 feet or greater.

. The PVC well construction materials will meet National Sanitation Foundation (NSF)
Standard 14wc, in addition to ASTM Schedule 40. Refer to Figures 5-1 and 5-2,
respectively, for typical monitoring well construction diagrams in unconfined and
confined aquifers. Detailed monitoring well construction procedures are outlined below.

. If hollow-stem auger drilling methods are used, the auger will act as a tremie pipe during
well installation at depths of 20 feet or less.

. The grain size of the sand pack and monitoring well screen slot size will be determined
by the results of one or more (more will be necessary when distinct changes in lithology
are observed) grain size analyses conducted for each SWMU or zone. The procedure for
determining the appropriate filter pack size is presented in Section 5.4.1 below.

° If the well casing arrives onsite with printing and/or writing on it, remove the printing
with Emery cloth or sand paper before being cleaned. No solvents or hot water may be
used to clean the PVC materials.

. After installing the monitoring well, notch the top of the inner casing. This point will

be the reference mark for elevation measurement.
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. All monitoring wells will be labeled with an identification plate constructed of a durable
material affixed to the casing or the surface pad where it is readily visible. The plate
shall provide monitoring well identification number, date of construction, static water
level, and driller name and state certification number.

* To reduce the cross-contamination risk, the outer protective casings of the monitoring
wells will not be painted onsite. Monitoring well construction in an unconfined aquifer
and a confined aquifer will be documented in the field logbook or on monitoring well
construction logs provided in Figures 5-3 and 5-4, respectively. Detailed monitoring

well construction procedures are provided below.

5.4.1 Filter Pack Material and Screen Slot Size Design
The filter pack materials shall consist of well-rounded to rounded, clean, silica sand. Filter pack
material of varying grain sizes will not be used. As a general rule, the material must have a

uniformity coefficient of 2.5 or less.

When installing the first well in a given zone, a representative sample of the aquifer matrix from

within the screened interval (both shallow and deep wells) will be collected for grain size

analysis using ASTM D-2434 or similar method. Grain size will continue to be analyzed at each

well location within a given zone where the screened interval is within a previously

uncharacterized lithology. To determine an appropriate filter pack size to limit the entrance of

formation materials into the well and minimize head loss, the following procedures will be

followed.

. A grain size distribution curve will be constructed on a grain size distribution graph using
the results of a sieve analysis performed on the aquifer material;

° Multiply the D50 (50 percent passing) size by a factor of 2;

. Plot this point on the D30 (30 percent passing) abscissa of a grain size distribution graph
and draw a smooth curve with uniformity coefficient of approximately 2.5. This

represents the grain size distribution of an appropriate filter pack size.
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FIGURE 5-3

MONITORING WELL CONSTRUCTION LOG — STANDARD

WELL NO.: INSTALLATION: | SITE:
PROJECT NO.: CLIENT/PROJECT:
CLEAN CONTRACTOR: DRIG. CONTRACTOR:
COMP, START: ( m) | COMP. END: ( ____m)
BUILT 8Y: WELL COORD.:
PROTECTIVE CASING
EE%H?_“"— MATERIAL/TYPE
S — DIAMETER
}E‘E%H'—__T___ ________ I J DEPTH BGS________ WEEP HOLE(Y/N)
GS ELEV.

GUARD POSTS (Y/N)
NO TYPE

6S HEIGHT -2:00"

DEPTH BGS A4 N A )
A 4 SURFACE PAD
COMPQOSITION & SIZE
RISER PIPE
] e
DIAMETER

TOTAL LENGTH(TOC to TOS)

VENTILATED CAP (Y/N)

GROUT
COMPOSITION & PROPORTIONS

TREMIED (Y/N)
INTERVAL BGS

N

CENTRALIZERS (Y/N)
DEPTH(s)

SEAL
TYPE

L

NI

SOURCE

SETUP/HYDRATION TIME

VOL. FLUID ADDED

TREMIED (Y/N)

UE S 5 FILTER PACK_

Tt I = TYPE
- AMT. USED

TREMIED (Y/N)

= ot
E:::] . L GR. SIZE DIST.

== SCREEN

..:L : -‘; TYPE
DIAMETER

SLOT SIZE & TYPE

INTERVAL BGS

SUMP_(Y/N)

INTERVAL BGS _____LENGIH

BOTTOM CAP (Y/N)

// BACKFILL PLUG

A{ :: L MATERIAL
SETUP/HYDRATION TIME,

BOREHOLE DIA. TREMIED (Y/N)
48MWCLG2
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MONITORING WELL CONSTRUCTION LOG — CONFINED AQUIFER

WELL NO.: INSTALLATION: [ SITE:
PROJECT NO.: CLIENT/PROJECT:
DRILLER:
GEOLOGIST:
FEV. p v |
rivii— o ol
e DEPTH BGS WEEP HOLE(Y/N)
0.00° Ala A A AN GUARD POSTS (Y/N)
ggP#&'%)‘gs A\Z é\ ?p) NO. TYPE
NZERZ\ SURFACE_PAD
%é é% COMPOSITION & SIZE
N N #
%/ %E DIAMEVER ______ TOTAL LENGTH
TYPE
§/ N DIAMETER
Hi o TOS
‘B
%é %§ ESOUT SETUR/HYDRATION TIME
oUNT
] % TREMIED (Y/N)
% L INTERVAL BGS
é CENTRALIZERS (Y/N)
DEPTH(s)

FILTER PACK
FYPE
AMT. USED
TREMIED (Y/N)
MFR
GR. SIZE DIST.

SCREEN
TYPE
DIAMETER
SLOT SIZE & TYPE

SUMP _(Y/N)

l INTERVAL BG5S .. LENGTH

JH l::l [*1 BOTTOM CAP (Y/N)

BACKFILL PLUG

E:l [.__ MATERIAL

SETUP/HYDRATION TIME
BOREHOLE DIA. TREMIED {Y/N)

SEAL
TYPE
N g MFR
Jf;: [ SETUP/HYDRATION TIME
—_ 1 — = ok VOL. FLUID ADDED
x. TREMIED (Y/N)
%
o]

4BNWCLG1

FINAL RFI CSAP FIGURE 5—4
NAVAL BASE CHARLESTON MONITORING WELL CONSTRUCTION

CHARLESTON, S.C. LOG — CONFINED AQUIFER

DWG DATE: 08/08/94 [DWG NAME: 48WMCG1A
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o Select the slot size openings for a well screen that will retain a minimum of 90 percent

of the filter pack material.

5.4.2 Monitoring Well Installation (Unconfined Aquifers)

Before Installation:

1. Make sure area is clear of all underground and overhead utilities using Public Works
Department utility maps. Clear vegetation and debris from monitoring well site.

Place plastic sheeting on ground near the area to hold decontaminated equipment. |

The drilling area will then be positively cleared using
electro-magnetic techniques. In highly developed areas a 5-foot pilot hole will be

advanced manually prior to drilling.

During Installation:

Drill the Hole

3. For boreholes requiring soil sampling to the completion depth:

. Advance the boring and conduct sampling in accordance with Section 4 of this CSAP
until the borehole completion depth is encountered. The borehole should be at least
4 inches larger in diameter than the well casing. Drill the hole slightly deeper —
aproximately 6 inches more than required for the combined length of casing and screen.
Sound the final completion depth with a decontaminated, weighted tape before

continuing.

For boreholes not requiring soil sampling to the completion depth:
o Advance the borehole to the required depth using a bit or auger flight with PVC plug.
The borehole should be at least 4 inches larger in diameter than the casing. Drill the

hole slightly deeper — approximately 6 inches more than required for the combined
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length of casing and screen. Sound the final completion depth with a decontaminated,
weighted tape before continuing.

4, Condition the borehole by circulating drilling fluids (mud, water, or air), or by rotating
augers without advancing them until the hole is cleaned of cuttings. Remove cuttings

from the area around the auger.

Prepare the Well Casing

5. Prepare the casing and screen for installation. Decontaminate the casing and screen in
accordance with Section 15 of this CSAP. Do not clean the PVC casing and screen with
hot water or solvent rinse.

6. Withdraw the drill rods and bit :

Check depth of hole with a weighted surveyor’s tape. If

7. Hang the casing string, screen down, over or in the top of the borehole. Lower the

casing string down to the bottom of the well.

Set the Well Casing

9. When the casing string is set to the desired depth, hang the centered casing in place.
There should be 2 to 3 feet of stickup once the well has been lowered to its final

position, unless the wellhead is flush-mounted because of its location.

Install the Filter Pack
10.  If the well is greater than 20 feet, install the filter pack through the tremie pipe. Six
inches or more of filter pack material must be spotted at the bottom of the hole, under

the screen. Withdraw the augers slowly so the filter pack is placed evenly around the
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screen without bridging.

11.  Check depth to top

Install Bentonite Seal

12.  If well is deeper than 20 feet, tremie bentonite pellets (not powder) on top of the filter
pack. Use pellets.if the seal is to be seated below the water table. Granular, flake, or
slurried bentonite may be used above the water table. Slowly withdraw the auger as the
bentonite is added to ensure even placement of the seal around the annulus. Check the
depth with a weighted tape. If possible, there should be at least 2 feet of bentonite above
the screen.

13.  Hydrate according to manufacturer’s specifications or eight hours, whichever is greater.

Grout the Annular Space

14.  Mix high solids bentonite and water (approximately 6 gallons to each 94 pound [Ib] bag
of cement) to make a pumpable slurry.

15.

Slowly withdraw the auger as the annulus fills. Grout the well

to within 2 to 4 feet of the surface. Note the amount of grout used in the field logbook.
16.  After installing grout, dismantle and decontaminate equipment. Allow adequate cure

time ( ~ 24 hours) for the grout before developing the well.

Construct Wellhead Pad

17. Mix and pour concrete for the wellhead pad. Concrete must extend to the top of the
grout. Each well will be surrounded by a 3 feet x 3 feet x 6 inches elevated, outwardly
sloping pad. The pad will extend 6 inches below the ground surface. It may be

convenient to first fill the annulus to the bottom of the pad form and then set the locking

5-15



Final Comprehensive Sampling and Analysis Plan
Naval Base Charleston

Revision No: 02

July 30, 1996

18.

19.

well cover or locking protective casing. After the protective casing has been installed,
the remaining concrete should be poured into the pad form.

Finish the concrete pad so it slopes away from the wellhead in all directions with a
minimum thickness of 6 inches. If weather warrants, cover the concrete until cured.
Lock the well cover.

If the well design specifies traffic barriers, dig holes and install four steel protective posts
(4 inches diameter, 6 feet length, 1/4 inch thickness and concrete filled ASTM A120) in
concrete (separate from the concrete pad). Posts and concrete must extend to a depth of
2 feet.

After Installation:

20.

21.

22.
23.

Record appropriate construction/completion information in the field logbook and/or on
appropriate field log forms.

Return to the well site after concrete has cured for at least 24 hours and remove the
form. Drill two weep holes on opposite sides of the protective casing, just above the
concrete pad.

Rivet the well identification plate on the protective casing.

Brush paint bumper guard posts with high-visibility yellow epoxy paint (American
Association of State Highway and Transportation Officials [AASHTO] M220).
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Monitoring Well Installation (Confined Aquifers)

Before Installation:

1. Make sure area is clear of all underground and overhead utilities, and clear vegetation

and debris from monitoring well site.

2. Place plastic sheeting on ground near the area 10 hold decontaminated equipment.
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During Surface Casing Installation:

Drill the Hole

3. Using hydraulic rotary or auger techniques, advance an oversized borehole through
unconsolidated surface deposits to a depth of 2 to 3 feet into the top of the confining bed.
The auger 1.D. should be 4 inches larger than the casing’s diameter.

4. Condition the borehole by circulating drilling fluid (mud, water, or air) or by rotating
augers without drilling until the hole is cleaned of cuttings. While conditioning the

borehole, prepare necessary length(s) of surface casing.

Prepare and Set the Surface Casing

(Follow these procedures for each separate aquifer to be cased off.)

5. Pressure grout the bentonite slurry to fill the portion of the borehole in the confining bed.

6. Insert the surface casing into the borehole and push firmly ¢ into the
confining bed.

7. Mix cement/bentonite grout in accordance with Section E.3.5 of the ESDSOPQAM.

8. Begin pumping grout slowly to ensure even placement without bridging.

9. Allow grout to cure for at least 24 hours before proceeding.

Drilling and Installation of Monitoring Well

10. After the grout has cured, continue drilling with a smaller diameter bit, auger string, or

r. The borehole must be 4 inches larger than the well casing diameter.
Advance borehole to the desired depth. Drill the hole a few feet deeper than necessary
to allow for cavings during casing placement. If more than one hydraulic unit will be
encountered during drilling, the well must be cased in separate stages to prevent cross-
contamination.

11.  Condition the borehole by circulating drilling fluid {(mud, water, or air) until the hole is

cleaned of cuttings. Pull the drill string out of the borehole when no additional cuttings
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reach the surface. Check depth of the hole with a weighted decontami

d surveyor’s

tape.

Prepare and Set the Casing String

12.  Prepare the casing string in manageable sections while conditioning the borehole.
Decontaminate the casing and screen in accordance with Section 15, but do nor wash
PVC materials with hot water or rinse with solvents. Tighten casing joints.

13.  Insert first segment of the casing string and lower to a convenient height for adding the
second casing segment.

14.  Chock the casing, add the second segment, then release the chock and lower the casing.
Repeat this process until the full casing string is hanging in the well.

15.  Allow the casing string to hang in the well. Never allow casing strings with Schedule
40 PVC to sit on the bottom because the weight of the casing may significantly reduce
the slot size and may cause the screen to collapse.

Install Filter Pack

17.

Tremie the filter material through the augers. Slowly withdraw the augers so the filter
pack is placed evenly around the screen without bridging. Six inches or more of filter
pack material should be spotted at the bottom of the hole, under the screen. The filter
pack will extend to approximately two feet above the top of the screen for any
monitoring well installed at NAVBASE, unless a specific variance is requested by
NAVBASE and is approved by the USEPA and SCDHEC. The filter pack will not span

the confining layer under any circumstances.

Install Bentonite Seal

Tremie the bentonite slurry onto the top of the filter pack. Bentonite pellets will be used

where the seal is installed below the water table. The bentonite seal must extend 2 feet
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into the confining layer, if possible. Slowly withdraw the augers as bentonite is added
to ensure even placement around the casing without bridging.

If the bentonite seal is installed above the water table, hydrate the bentonite according

to the manufacturer’s specifications or eight hours, (not necessary if pure bentonite grout

is used) whichever is greater.

Grout the Annular Space

Mix a high solids bentonite and water to make a pumpable slurry.

Pour the grout into the annulus. Slowly withdraw the augers as the annulus fills to
ensure even placement. Grout the well to within 2 to 4 feet of the surface.

After installing grout, dismantle and decontaminate equipment. Allow adequate cure

time ( ~24 hours) before proceeding with well development,

Construct Wellhead Pad

23.  Mix and pour concrete for the wellhead pad. Concrete must extend to the top of the

grout. Each well will be surrounded by a 3 feet x 3 feet x 6 inches elevated, outwardly
sloping concrete pad. The pad will extend 6 inches below the ground surface. It may
be convenient to first fill the annulus to the bottom of the pad form and then set the
locking well cover or locking protective casing. After the protective casing has been

installed, the remaining concrete should be poured into the pad form.

Four steel protective posts (4 inches diameter, 6 feet length, 1/4 inch thickness and
concrete filled ASTM A120) will be installed surrounding the well. Posts and concrete

must extend to a 2-foot depth.

After Installation:

Record the appropriate construction/completion information in the field logbook and/or

on the appropriate field logbook forms.

5-20



Final Comprehensive Sampling and Analysis Plan
Naval Base Charleston

Revision No: 02

July 30, 1996

99,  Return to the well site after the concrete has cured for at least 24 hours and remove the

form. Drill two weep holes on opposite sides of the protective casing and just above the

concrete pad.
28.  Rivet the well identification tag to the protective casing.

29.  Paint bumper guard posts with high-visibility yellow epoxy paint (AASHTO M220).
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5.6 Developing Monitoring Wells

A monitoring well is developed after the bentonite grout in its annular space has cured at least
24 hours. Development restores the normal hydrologic conditions of the geologic formation near
the borehole. Monitoring wells can be developed using various techniques such as bailing,
surging and bailing, or surging and pumping. Wells with low aquifer recovery will be
developed by bailing, or a combination of surging and bailing. Wells with high aquifer recovery
will be developed by a combination of surging and pumping. Before development and after
development procedures apply to surging, bailing, and pumping. All monitoring wells must be
developed until temperature, specific conductivity and turbidity measurements stabilize and the
well produces clear, sediment-free water. A log of these measurements must be maintained

during development and submitied with the "as-built" well construction details.

Before Development:
1. Don personal protective clothing and equipment as required in the site-specific CHASP.
2. Cover the surface around the well with clean plastic sheeting to contain any spilled

development water.

3. Open the well cover and check the wellhead’s condition.
4. Measure the depth to static water level with an electronic water-level indicator.
5. Prepare the necessary equipment for well development in accordance with Appendix E,

Section E.8 of the ESDSOPQAM.

During Development:
Wells may be developed by bailing, surging and bailing, or surging and pumping. These

techniques are discussed separately but may be used either separately or in combination.
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Various pumps that may be used during well development include:
o Brainard Kilman hand pump

o Centrifugal pump

o Peristaltic pump

o Bladder pump

o Grundfos pump

Surging:

1. Attach rope or PVC rod to a surge block.

2. Lower the surge block into the monitoring well with rope or rods.

3. Raise and lower the surge block so groundwater will be surged in and out of the

monitoring well screen.

4, Continue for approximately 10 to 15 minutes.

5. Remove the surge block from the well for decontamination.

Bailing:

1. Assemble and lower the decontaminated bailer into the monitoring well and begin
bailing.

2. The monitoring well shall be developed until the water column is as free of visible

turbidity as possible given the subsurface conditions (between 10 and 30 nepholemetric
turbidity units [NTU]), and until the pH, temperature, and specific conductivity have

stabilized to satisfy the following criteria.

Temperature: within + 1.0°C

pH: within + 0.5 standard unit
Conductivity: within + 10 percent from the duplicate
Turbidity: relatively stable
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Pumping:

1.
2.
3.

Prepare the decontaminated pump and tubing, and lower them into the well.

Begin pumping the well.

If the productivity of the monitoring well is low, it will be alternately pumped then left
idle to recover. The onsite geologist will determine when development is complete based
on normal development criteria.

The monitoring well shall be developed until the water column is as free of visible
turbidity as possible given the subsurface conditions (between 10 and 30 NTU), and until

the pH, temperature, and specific conductivity have stabilized to satisfy the following

criteria.

Temperature: within + 1.0°C

pH: within + 0.5 standard unit
Conductivity: within + 10 percent from the duplicate
Turbidity: relatively stable

After Development:

1.

Groundwater withdrawn from the monitoring wells during development will be placed
in 55-gallon drums for disposal by the Navy in accordance with Section 16 of this CSAP.
Remove development equipment from the monitoring well and decontaminate (if
required) in accordance with Section 15 of this CSAP.

Lock the well cover before leaving the site.

Record all pertinent information in the field logbook.

5-27



Final Comprehensive Sampling and Analysis Plan
Naval Base Charleston

Revision No: 02

July 30, 1996

This page intentionally left blank

5-28



Final Comprehensive Sampling and Analysis Plan
Naval Base Charleston

Revision No: 02

July 30, 1996

6.0 GROUNDWATER SAMPLING

Groundwater samples will be collected in accordance with Section 4.9 of the ESDSOPQAM,
included in Volume V of the RFI Work plan, with the following additions and/or modifications.
All purging and sampling of monitoring wells will be conducted by using either a peristaltic,
bladder, or Grundfos-type (helical rotor submersible) pump with Teflon™ vacuum container,
depending on the depth of the well. All pump tubing will be constructed of a Tygon™ or
Teflon™lined material. If a pump is ineffective or impractical for successful purging and/or
sampling, a Teflon™ bailer with a stainless-steel leader will be used. Collecting groundwater
level data during sampling is addressed in Section 10.6.

6.1 Groundwater Screening Techniques

6.1.1 Hydropunch

The Hydropunch is a stainless-steel and Teflon™ sampling tool capable of collecting groundwater
samples without installing a monitoring well. Because the device is pushed or driven into
position, it is most suitable for used in unconsolidated clay, silt, sand, and fine gravel. Only
a small amount of water (approximately 40 ml) may be collected with this device at a time,
therefore, Hydropunch is best used as a VOA screening tool. Installation and sample collection

procedures are provided below.

1. Don protective clothing and equipment as the site-specific CHASP specifies.

2. Prepare the site by covering the surface with plastic sheeting and arranging the required
equipment for convenient use.

3. Connect the decontaminated Hydropunch to a small-diameter drive pipe.

4, Drive the closed sampler with a 140-pound hammer or hydraulically push the sampler
to the desired sampling depth, which is at least 5 feet below the static water level. Less
than 5 feet of penetration will result in slow fill times, inadequate sample volume, or

improper check valve function.
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5. Open the Hydropunch by pulling up the drive pipe approximately 1.5 feet. Groundwater
will then fiow freely into the sampler under the aquifer’s hydrostatic pressure.
6. When the sample chamber is full, retrieve the Hydropunch. As the tool is retracted,

check valves close, trapping the groundwater in the sample chamber.

7. At the surface, transfer the groundwater from the Hydropunch to the appropriate sample
container.
3. Place any IDW generated into designated drums for disposal by the Navy in accordance

with Section 16 of this CSAP.

6.1.2 Temporary Monitoring Wells

Temporary monitoring wells are useful when a full suite of analyses is required. Except for the
lack of grout, temporary monitoring wells are installed following procedures for permanent
monitoring wells. Temporary monitoring wells also are developed, purged, and sampled using
the same criteria as for permanent monitoring wells. Procedures for temporary monitoring well
installation and development are provided in Sections 5.4 and 5.5 of this CSAP. Monitoring

well purging and sampling are detailed in Sections &
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6.2  Purging Static Water

Field personnel will purge monitoring wells before collecting samples to remove stagnant water

from the casing and surrounding borehole space.

General Purging Procedures

* Purge monitoring wells with a decontaminated pump.

o Monitoring wells will be purged of between three and five well casing volumes. In
addition turbidity should be 10 NTU or less. Indicator parameters temperature, turbidity,
specific conductivity, and pH will be measured in a sample of groundwater prior to

purging and following removal of each well casing volume. If these parameters have
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stabilized after removal of three well casing volumes, then the well will be sampled. If
these parameters have not stabilized after removal of three well casing volumes, purging
will continue until a maximum of five well casing volumes have been removed from the
well. If the indicator parameters have still not stabilized after removal of five well
casing volumes, then sampling will proceed. Contain purge water in a dedicated drum.
Continue purging until three readings of specific conductance, temperature, and pH
stabilize within 10 percent of previous reading.

Begin sampling when purging is complete. Monitor groundwater turbidity. If high
turbidity remains afier purging three well volumes, the monitoring well may need to be
redeveloped (see Section 5.5).

Record well purging data in the field logbook and/or on the Groundwater Sampling Form
provided in Figure 6-1.

When purging is complete, allow monitoring wells to recharge before beginning
sampling. Wells evacuated while purging will be sampled when sufficient volume has
reentered the well. For this project, low recharge monitoring wells are defined as those
with recharge rates not allowing sample collection within 12 hours of initial purging.
These wells will be documented as dry. Specific procedures for monitoring well purging

arc provided below.

Before Purging:
1. Don personal protective clothing and equipment as the site-specific CHASP specifies.
2. Cover the surface around the well with clean plastic sheeting to contain water spilled
during purging or sampling.
Check condition of the wellhead, protective casing, and lock.
4. Open the well cover and monitor the breathing zone using a PID and FID to measure

ionizable organic vapors. If vapors are detected, an interface probe will be used to
determine the thickness of free product if present. If product is present, a one-way check

ball valve will be used to sample the layer.
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Figure 6-1

Groundwater Sampling Form

Groundwater Sampling

Sample ID;

PROJECT NAME:

JOB NO:

DATE:

WELL NO.:

LOCATION:

WEATHER CONDITIONS:

AMBIENT TEMP:

REVIEWED 8Y: PERSONNEL:
PURGING DEVICE 1 SAMPLING DEVICE
Type device? Type device?
How was the device decontaminated? How was the device decontaminated?
How was the line decontaminated? How was the line decontaminated?
Which well was previously purgea? Which well was previously sampled?
INITIAL WELL VOLUME PURGING
Well diameter {in.) Time started Finished
Suckup (ft.} Velume purged
Depth to bottom of weil from TOC (ft) Cemments on Well Recovery
Depth to water surface fram TOC (ft.} Depth to water (ft.)
Length of water (ft.) Completion
Volume of water (ft.} Additional Ccmments
fgal.) Sample Collected: Start
Amount of sediment at bettom of well (ft.) Fimsh
3 Voiumes of water (gal.)
IN-SITU TESTING Time:
1 2 3 4 ) 51
Well Volume Purged {gal.}
Turbidity
Odor
pH {units)
Canductivity {ymho)
Water Temperature (°C)
Depth to water (1.}
NOTES: 1 ft. length of 4" = 0.087 ft' or 0.65 gal. 1 ft. length 2" = 0.022 ft* or 0.16 gal.
Turbidity chaices: clear. turbid, opaque Revision Date: 8/5/92
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Measure static water level to the nearest 0.01 foot using an electronic water-level
indicator. Record the measurement in the field logbook or on the groundwater sampling
field form (Figure 6-1).

Calculate static volume using the following formula, taken from Section 4.9.7.2 of the
ESDSOPQAM.

During Purging:

7.
8.
9.

10.

11.

Prepare the decontaminated pump, and lower into the casing.

Begin purging the well; purge at least three volumes of water (water column).
Withdraw groundwater until temperature, pH, and conductivity have stabilized. A
monitoring well is stabilized when three readings each of temperature, pH, and specific
conductivity are within +10 percent of the previous reading.

Purge upgradient and background wells before downgradient wells to reduce the
cross-contamination risk.

While purging the well, conduct free chlorine and sulfide spot checks on the purge water.

Free Chlorine Spot Check:
] Place drop of purge water on the potassium iodide (KI) test paper.
. If paper turns blue, free chlorine is present. Cyanide samples will require

preservation as described in Section 11.2 of this CSAP.

Sulfide Spot Check:
. Place drop of purge water on the lead acetate test paper.
. If paper turns bluish-black, sulfide is present. Cyanide samples will require

preservation as described in Section 11.2 of this CSAP.
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Static Volume Formula:

V = 0.041 dzh
Where:
A% = volume of water in gallons
d = diameter of well in inches
h = depth of water in feet (total well depth - static water level)

The static volume may also be calculated using the following formula:
V = hr2(0.163)

Where:
v = volume of water in gallons
h = depth of water in feet (total well depth - static water level)
r = radius of well in inches

After Purging:

12.  Record data in the field logbook and/or on the Groundwater Sampling Form (Figure 6-1).

13.  If well is purged dry, allow it to recharge before sampling. However, every effort
should be made to avoid purging the monitoring well dry.

14.  Document the wells as dry if it does not recharge within 12 hours of initial purging.

15.  All IDW produced while purging will be drummed for disposal by the Navy in
accordance with Section 16 of this CSAP.

6.3 Groundwater Sampling

Groundwater samples will be collected in accordance with the procedures in Section 4.9 of the
ESDSOPQAM manual with modifications outlined below. Monitoring wells will be sampled
with either a decontaminated pump or Teflon™ bailer. The type of pump used during sampling
of monitoring wells must be a peristaltic pump, or another similar type of pump which will not

chemically or physically alter groundwater samples.

. Newly installed wells will be allowed to recover for a period of two weeks before

sampling.
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Peristaltic pumps will be used instead of bailers for purging and sampling when turbidity
is greater than 10 NTU.

Collect samples using a decontaminated pump with a Teflon™ vacuum container so that
groundwater does not touch the pump. If a pump is ineffective or incapable of
successfully sampling the monitoring well, a Teflon™ bailer may be used. When
collecting VOA samples using a peristaltic pump, fill the tubing with sample then
disconnect the tubing and cap. Withdraw the tubing from the well and uncap the tubing
allowing the water to flow into the sample vial.

Measure temperature, pH, and specific conductance for each sample collected and record
in the field logbook or on the groundwater sampling form (Figure 6-1).

Chemically preserve samples as specified in Section 11. After chemical preservation and
labeling, chill the samples to 4°C.

Record weather at the time of sample collection in the field logbook. Refer to specific

procedures for groundwater sample collection provided below.

Before Groundwater Sampling:

1.
2.

Don protective clothing and equipment as site-specific CHASP specifies.

Prepare the site by covering the surface around the wellhead with plastic sheeting and
arrange the required equipment for convenient use. If onsite decontamination is required,
arrange the necessary supplies nearby in a separate location away from the wellhead.
Purge the well according to the procedures in Section 6.2 of this plan. If bailing, allow
the water level to recover enough to completely submerge the bailer without touching the
well bottom.

I bailing, securely attach the bailer to decontaminated Teflon™coated stainless-steel
leader. Then, securely attach the leader to the line. The end of the line also should be
secured so the bailer is not lost down the well.

Arrange the sample containers in the order of sample collection. Groundwater samples

will be collected in the following order (presented by Fred Sloan: volatile organic
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analysis, dissolved gases and total organic carbon, semi-volatile organic analysis, metals

and cyanide, major water quality cations and anions, and radionuclides.

During Groundwater Sampling:

6.

10.

11.

12.

13.

14.

Slowly lower the pump hose or bailer into the water to prevent aeration, particularly
when VOA and SVOA samples are being collected.

Start pump or retrieve full bailer to the surface. If bailing, do not allow the line to touch
the ground.

Unless the same pump or bailer is used for both purging and sampling, allow initial
water from pump to discharge into drum or, if using a bailer, use the first bailer of water
to rinse out the bailer; discard the water.

If using a bailer, repeat Steps 7 and 8.

When collecting VOA samples from pump discharge, decrease flow rate. If using bailer,
either fill the VOA vials from the top of the bailer or attach VOA bottle filler to the
bailer’s base. For VOA samples, the sample bottles should be tilted when filling to
prevent aeration. Check the filled vial for bubbles, making sure it has zero headspace.
Perform sample filtration with a 0.45-micron filter as soon as possible after sample
retrieval, if required for the cyanide samples based on the sulfide spot check. Samples
collected for total metals analysis will not be filtered.

If using a bailer and, after collecting VOA and SVOA samples, the remaining water is
insufficient to completely fill another container, discard it. Lower the bailer again to
collect more water for additional sample volume.

Fill the remaining sample containers to capacity. Add preservative (if needed), cap, seal,
and properly label all containers. Place the filled containers in the cooler(s) immediately
and preserve to 4°C.

If the free chlorine or sulfide spot checks are positive, preserve the cyanide samples in

accordance with Section 11.2 of this CSAP.
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After Groundwater Sampling:

15.  Record sample identifications, types and amounts collected, as well as the time and date
of collection in the field logbook and/or on the groundwater sampling form. Prepare
chain-of-custody and analytical request documents as required in Section 11.6 of this
plan.

16.  Decontaminate sampling equipment if it is not dedicated to the monitoring well.

17.  Clean up the area and place disposable materials (plastic sheeting, gloves, rope) in the
designated drum for disposal by the Navy in accordance with Section 16 of this CSAP.

18. Close and lock the well cover.



Final Comprehensive Sampling and Analysis Plan
Naval Base Charleston

Revision No: 02

July 30, 1996

This page left blank intentionally.



Final Comprehensive Sampling and Analysis Plan
Naval Base Charleston
August 30, 1994

7.0  SEDIMENT/SURFACE WATER SAMPLING PROCEDURES

7.1  Designating Sediment/Surface Water Sample Collection Locations

Sediment and surface water sample collection locations will be designated to comply with the
sample identification system presented in Section 11.4 of this CSAP to facilitate sample data
management. Sediment and surface water collection locations will be designated according to
SWMU (first three digits), media to be sampled (one matrix digit), and the unique well number
(four digits). For example, if a sediment sample were collected from sampling location 16 at
SWMU 21, the collection location identifier would be "021M0016." Another example: If both
a sediment and a surface water sample were collected at location 12, SWMU 2, the locations
would be identified by "002MO0012" and "002W0012," respectively. Proper attention must be

given to ensure unique numbers are assigned to all sampling locations.

7.2 Sediment Sampling

Procedures for sediment sampling will adhere to the guidance presented in Section 4.8 of the
ESDSOPQAM (included in Volume V of the RFI Work Plan), which lists several acceptable
sampling techniques (dredging, scooping, coring) for collecting sediment samples from surface
water bodies and dry land areas, depending upon sampling objectives. Sediment samples
generally will be collected to a maximum depth of 6 inches. Several general precautions must
be followed to provide a representative sediment sample and to minimize disturbance regardless

of sampling technique.

General Sediment Sampling Precautions:

. Avoid sediment plumes and density currents.

. If sediment and surface water samples are to be collected at the same location, collect
the surface water first.

1 Sediment sampling locations may be reached by wading or by boat, depending upon
water depth and the substrate’s nature. If wading to the sample location, approach from

downstream to minimize disturbance.
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Specific procedures for sediment sampling by dredging, coring, and scooping are discussed

below. Any variations from the procedures will be discussed in the site-specific SAP.

7.2.1 Dredge Samples
A Ponar grab sampler will be used to collect underwater dredge samples. The Ponar sampler
is a steel, clam-shell type scoop activated by a cantilevered system. Procedures for operating

the Ponar grab sampler are provided below.
Before Dredge Sampling:
1. Don personal protective clothing and equipment as the site-specific CHASP specifies.

2. Lock open the jaws of the decontaminated sampler.

During Dredge Sampling:

3. Lower the sampler into the sediment.

4 Release tension on the rope and close sampler jaws.

5. Retrieve the sampler and open the jaws to collect the sediment sample.

6 To collect the VOA sample, either push a stainless-steel sleeve into the dredge sampler

and cap, or release the sediment sample into a stainless-stee] bowl and immediately
collect the VOA samples. Fili the sample containers to capacity to achieve zero
headspace.

7. Repeat the sample collection process (Steps 3 to 5) until enough volume has been
collected to make the necessary composite samples. Homogenize the material in the
stainless-steel bowl in accordance with ESDSOPQAM procedures and place in
appropriate sample containers, using stainless-steel implements.

8. Describe lithology of sample collected and sample collection depth in the field logbook.
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After Dredge Sampling:
9. Upon completion of sampling, decontaminate all equipment in accordance with Section

15 of this CSAP.

7.2.2 Core Samples

Coring is a useful sampling technique because it preserves any sequential layering of the sample
and provides a historical profile. In addition, coring minimizes sediment disturbance caused by
shock waves and, if used in conjunction with insertable sleeves, it minimizes the cross-

contamination risk. Core samples will be collected in areas where samples must be collected

at depths greater than 6 inches.

Coring Equipment: A Wildco-type or modified stainless-steel split-barrel push tube sampler
with a 2-inch-diameter, 2-foot-long sample barrel will be used. These devices will be used with
or without insertable 12-inch or 6-inch Teflon™ or stainless-steel sleeves. If sleeves are used to
collect analytical samples, a second core will be collected at the location without sleeves for
lithology description. Extension rods will be used offshore to collect samples in water deeper

than wading depth. Procedures for collecting samples with the coring devices follow.

Before Core Sampling:

1. Locate the sample collection location on the site map and reference it appropriately in
the field logbook.

2. Don personal protective clothing and equipment as the site-specific CHASP requires.

Place a decontaminated stainless-steel sampling sleeve inside the decontaminated sampler.

During Core Sampling:
Note: Except for VOA samples, all samples collected in sleeves will be composited and

homogenized before laboratory analysis.
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4.
5.

Drive the full length of sampler into the substrate.

Carefully remove the sampler from the substrate.

Samples collected with stainless-steel sleeves:

6.
7.
8.

Remove sleeves from the sampler, minimizing disturbance.

Immediately install Teflon™ septa over the liner ends and seal with PVC caps.

These cores will be submitted to the laboratory for analysis in accordance with the site-
specific SAP.

Samples collected without stainless-steel sleeves:

9.

10.

11.
12.
13.

Extract sediment from the sampler and immediately fill the VOA container. Be sure the
sample container has zer10 headspace.

Remove the remaining sample volume and place in a stainless-steel bowl. Homogenize
the sample in accordance with ESDSOPQAM procedures with a stainless-steel spoon or
Spatula.

Fill the remaining sample containers.

Label the samples and preserve to 4°C. Mark top of the sample on outside of the liner.
Repeat above sampling procedures for a second 24-inch core without the sleeves.
This core will be examined, but not disturbed, in the field by a geologist, who will

describe sample lithology using the USCS.

Special Precautions for Deep Underwater Core Sampling:

A boat will be required for sampling sediment in water deeper than wading depth. Extension

rods for sampler and/or diver assistance may be required in deep water. Although sampling

procedures will be the same as the procedures listed above, special precautions must be taken:

Cap top of the sampler while it is in the substrate to prevent suction during extraction

from extruding the sample through bottom of the sampler.
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When the sampler is free from the substrate, cap bottom end before removing from the
water.

In deeper water, have a diver cap the sampler and assist in sampling.

After Core Sampling:

14.
15.
16.

Decontaminate sampling equipment in accordance with Section 15 of this CSAP.
Record all pertinent information in the field logbook before leaving the site.

Place contaminated disposable materials in a designated drum for disposal by the Navy.

7.2.3 Scoop Samples

Samples from sediment buildup in constructed drains, gutters, or other impervious surfaces will

be acquired with a stainless-steel spoon and bowl. Procedures for scooping are provided below.

Before Scoop Sampling:

1.

Locate the sample collection location on the site map and reference it appropriately in
the field logbook.

Don personal protective clothing and equipment as the site-specific CHASP requires.
Place clean plastic sheeting on the surface near the sample collection location to hold

decontaminated sample collection equipment.

During Scoop Sampling:

4.

Scrape the sediment surface with a decontaminated stainless-steel spoon or spatuia to

reach a previously unexposed surface.

Scoop the sediment with a decontaminated stainless steel-spoon or spatula.

For Grab or VOA samples:

. For VOA samples completely fill the sample containers directly from the
sampling device, avoiding twigs, large rocks, and grass. For remaining analytes,

thoroughly homogenize the sample prior to containerization.
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. Be sure to have zero headspace in the VOA sample container.

For Composite samples:

. Empty contents of the sampling device into a decontaminated stainless-steel or
Teflon™lined bowl. Collect enough sample to fill all the containers.

. Homogenize sample in accordance with ESDSOPQAM procedures.

. Place mixture into the appropriate containers.

For Toxicity samples:

. Empty contents of the sampling device into appropriate sample container.

. Collect sufficient sample to fill all the containers.

Secure container with Teflon™-lined cap.

Label each sample container with appropriate information.

After Scoop Sampling:

9.

10.

11.

12,

7.3

Place the samples in a cooler and preserve to 4°C.

Record pertinent information in the field logbook.

Place contaminated disposable materials in the designated drum for disposal by the Navy
in accordance with Section 16 of this CSAP.

Decontaminate sample equipment in accordance with Section 15 of this CSAP.

Surface Water Sampling

Surface water will be sampled in accordance with Section 4.8 of the ESDSOPQAM, included

in Volume V of the RFI Work Plan. The samples will be collected either by placing the sample

bottle in the surface water body or by using a Kemmerer sampling device. Afier selecting

sample locations, the number of samples to be collected will depend on the following criteria:

Water depth

Estuarine or fresh water
Tidal influence

Salinity profile

Type of water body (lake, stream, impoundment, or wetland)
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Where the water depth is greater than 3 feet, surface water quality parameter measurements
(e.g., dissolved oxygen, temperature, pH, conductivity, salinity, and depth) will be coliected at
the following depths: 1 foot below the water surface, mid-depth, and 1 foot above the bottom.

General Surface Water Sampling Concerns:

. Collect samples from areas of least to greatest contamination and from upstream to
downstream.

. Approach surface water sample locations from downstream to minimize sediment
disturbance.

. In tidal areas, sample collection should be made at slack tide, preferably low slack.

. Collect samples so as to minimize agitation of underlying sediments.

. If surface water samples and sediment samples are to be collected at the same location,

collect the surface water sample first.

. Determine the number of sample collection depth at the sample location.

— If water is less than 1 foot deep, collect one sample at the surface.

— If water is more than 1 foot and less than 10 feet deep, the sample shall be
collected at mid-depth unless the salinity profile indicates the presence of a
halocline (salinity stratification). If a halocline is present, a surface water sample
shall be collected from each stratum.

-— If water is more than 10 feet deep, collect samples at 1 foot depth, mid-depth,

and 1 foot above the bottom.

Surface water sample collection procedures for both submerged bottle and Kemmerer devices

are discussed below.
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7.3.1 Submerging Laboratory Bottle

Submerging the laboratory bottle is feasible only for surface water sample locations accessible

by wading. If samples are to be collected from more than one depth, or if the sample location

is not accessible by wadihg, another method should be used.

Before Sampling with Laboratory Bottle:

1.
2.

Locate the sample collection location on a site map and describe it in the field logbook.

Don personal protective clothing and equipment as the site-specific CHASP requires.

During Sampling with Laboratory Bottle:

3.

Point open end of vials upstream. Slowly submerge unpreserved VOA vials and fill.
Do not disturb bottomn sediments. If the sample is to be collected at depth, uncap the
bottle at the required sampling depth. Recap containers before returning bottle to the
surface.

Cap the VOA vial underwater. Be sure to have zero headspace before sealing it.

If VOA vials are pre-preserved, collect surface water samples with a decontaminated
glass or stainless-steel device and carefully decant into VOA vials.

Slowly submerge other unpreserved bottles into the surface water and fill. If the sample
is to be collected at depth, uncap containers at the required depth and allow to fill.
Recap the containers before returning sample to the surface.

Chemically preserve the samples as needed and seal with Teflon -lined caps.

Collect additional surface water in the sample collection device for field measurement of
pH, temperature, and conductivity. If the sample interval is at depth, probes will be
used to measure these parameters. Other parameters may be added as the site-specific

SAP requires.
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After Sampling with Laboratory Bottle:

9. Place bottles in cooler and preserve to 4°C.

10.  Note pertinent sampling information, including the tidal phase, in the field logbook.
11.  Decontaminate all sampling equipment in accordance with Section 15 of this CSAP.

7.3.2 Kemmerer Sampler

Use a Kemmerer or similar sampling device when samples are needed at discrete intervals in
a vertical water column. A Kemmerer is a cylinder with Teflon™ stoppers on the ends. The
Teflon™ stoppers are open while the device is being lowered in a vertical position so water can
pass freely through the cylinder. When the Kemmerer has reached the designated sampling
interval, a weight (messenger) is dropped down the rope to close the device. Specific

procedures for surface water sampling with a Kemmerer sampler are provided below.

Before Kemmerer Sampling:

1. Locate the sample collection location on a site map and describe in the field logbook.
2. Don personal protective clothing and equipment as the site-specific CHASP requires.
3. Determine the number of sample collection depths at the sample location.

During Kemmerer Sampling:

4. Lower the decontaminated Kemmerer device to the designated depth.

5 Drop a messenger down the rope to close the cylinder.

6. Raise the Kemmerer device.

7 Immediately fill VOA vials. Make sure there is zero headspace, chemically preserve the

sample if needed, and secure with a Teflon -lined cap.

8. Fill remaining bottles. Continue to collect sample volume from each designated depth
until all bottles are filled.

9. Measure field parameters of pH, temperature and conductivity, and record in the field
logbook at each sample depth.

10.  Repeat procedure for each designated sample interval.
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After Kemmerer Sampling:
11.  Place bottles in cooler and preserve to 4°C.
12.  Note sampling information in the field logbook.

13.  Decontaminate all sampling equipment in accordance with Section 15 of this CSAP.
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8.0
8.1

AIR SAMPLING
Soil-Gas Survey

A standard soil-gas survey is an effective screening tool for VOA contamination and is useful

for establishing soil and groundwater sampling points. This survey will require establishing a

grid system across the site to be surveyed, using procedures outlined below, then collecting

samples at each of the established grid points.

Establishing the Grid System:

1.

A South Carolina-registered surveyor or E/A&H personnel will define the two baselines
(x and y axes) and record the baselines and other key elements of the grid on report
maps.

The baselines will be flagged at regular intervals, according to the site-specific SAP.
The internal grid points will then be established using a Brunton compass and measuring

tape.

General Soil-Gas Sampling Procedures

I.

Collect measurements at each established grid point and record the values in the field
logbook. If necessary, further investigate areas of elevated soil-gas readings by
redefining the survey grid to a smaller interval.

Collect additional soil-gas readings at the redefined grid nodes. If the elevated readings
need further definition, decrease the survey to smaller intervals as needed.

Note the sampling points on a site map.

Install the soil-gas probes using either a manual disposable drive-point method or a
hydraulically powered, van-mounted probe.

Field control samples will be collected by drawing pre-purified nitrogen or filtered
ambient air through the sampling apparatus and probe. Field control samples will be
collected before each day’s sampling activities, after every 20th sample, and after each

day’s sampling activities.
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6.

7.

Between each sampling location, decontaminate the soil-gas probe. Do not use solvents.
Do not re-use Teflon™ tubing.

Place any IDW into 55-gallon drums for disposal by the Navy.

Sample Collection with a Perforated Drive-Point

1.

Assemble the soil-gas sampling point of stainless-steel pipe to a disposable sampling
point.

Decontaminate the stainless-steel drive point assembly before use and advance it to
slightly above the water table.

Use Teflon™ tubing to connect the soil-gas sampling point to the sample collection device;
attach a vacuum pump with additional Teflon™ tubing.

Purge at least two sample volumes before collecting samples.

Collect sample in a pre-evacuated glass vial at two atmospheres of pressure.

Detach the self-sealing vial and analyze the sample with a portable gas chromatograph
(GC).

Remove the sampling point.

Sample Collection with a Van-Mounted Probe

1.

N A

Advance the stainless-steel pipe, outfitted with a disposable stainless-steel tip on the lead
drive point, into the ground with the percussion hammer.

After the pipe has been advanced to the desired depth, disengage the drive point and
withdraw the drive pipe 8 to 10 inches to create a void in which soil gases can collect.
Insert the Teflon” sample tubing into the drive pipe and connect the tubing to a sample
collection device. Use additional Teflon™ tubing to attach to a vacuum pump.

Purge at least two volumes from the sampling apparatus before collecting samples.
Collect the sample in a pre-evacuated glass vial.

Detach the seif-sealing vial and analyze the sample with a portable GC.

When sample collection is complete, remove the stainless-steel sampling tube.
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8. Decontaminate all sampling equipment before use and between each sample coliection
point. Do not use solvents. Do not reuse Teflon™ tubing.

9. Place the IDW in 55-gallon drums for disposal by the Navy.
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8.2  Passive Soil Gas

Passive soil-gas is a useful technique for collecting and detecting trace quantities of VOA and
SVOA from the subsurface at the earth’s surface. VOA and SVOA are adsorbed onto the
passive soil-gas sampler over a few hours to a few weeks. Because of the increase in the
sampling period, the detection limits for many compounds and the temporal variations in the
analyses are lower than standard soil-gas techniques. The sampler consists of two or three
collectors, each a ferromagnetic wire coated with an activated charcoal adsorbent in a screw-top
glass culture tube. Collectors will be checked for cleanliness using mass spectrometry before

release to the field.

Before Sampling

1. Don personal protective clothing and equipment as the site-specific CHASP requires.
2. Stake the location(s) to be sampled.
3. Decontaminate installation equipment in accordance with Section 15 of this CSAP.

Installing the Sampler

Installation methods will vary depending on surface conditions. If the surface is grassy or
otherwise loosely consolidated, a coring shovel will be used. If the surface is concrete, asphalt
or otherwise consolidated, an electric rotary hammer will be used. Both techniques are

detailed below.

Loosely Consolidated Surface Conditions

1. Using a coring shovel, core a 14-inch-deep by 2-inch-diameter hole in the surface soil.
2. Place the soil-gas sampler open end down at the bottom of the hole.
3. Backfill the hole with an aluminum foil plug and the original excavated soil.
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4. Mark the sample location with ribbon flagging and a number pin flag.

5. Detail all pertinent information in the field logbook before leaving the sampling location.

Consolidated Surface Conditions

1. Using an electric rotary hammer, drill an 18-inch by 1.5-inch-diameter hole (e.g., the
drill bit dimensions) through the surface.

2. Attach a cleaned galvanized steel wire to the sampler and lower to the bottom of the
hole.
Plug the hole with aluminum foil to approximately 2 inches below grade.

4. Cap each hole to land surface with hydraulic cement to protect the sampler from the
surface environment.

5. Mark the sample location with ribbon flagging and a number pin flag.

6. Detail all pertinent information in the field logbook before leaving the sampling location.

Duration of Sampler Exposure

The length of time the samplers are exposed to soil gas will be determined by using time-
calibration samplers. These samplers measure loading rates of volatile and semivolatile organic
compounds emanating from the soil gas. Two sets of three to five time-calibration samplers will
be installed in the AOC to represent the range of soil-gas response. These locations will be
selected based on known site conditions including groundwater gradient and potential source
areas. Generally, the first set of time-calibration samplers are retrieved after approximately one
week. The second set of time-calibration samplers will be retrieved after approximately two
weeks. At the first indication of significant ion count intensities and significant total ion count
values, all of the samplers will be retrieved. If the second set of time- calibration samplers show

no significant ion count intensities, the samplers are allowed to equilibrate for up to 30 days.
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Retrieving the Sampler
Retrieving the sampler will depend on the surface conditions. Both techniques for retrieval are

detailed below.

Loosely Consolidated Surface

1. Expose the backfilled sampler with a trowel.

2 Using a pair of tongs, lift the sampler to the surface.
3. Seal, clean, and label the sampler.
4

Backfill the hole with the original material and clean fill, as required.

Consolidated Surface

1. Remove the hydraulic cement pad and expose the sampler using a hammer and chisel.
2. Using the steel wire, lift the sampler to the surface.

3. Seal, clean, and label the sampler.

4, Backfill the hole with the original material and clean fill, as required.

5. Patch the surface with cement or asphalt.

Quality Assurance/Quality Control

Each sampler contains two or three collector wires that should have adsorbed identical
compounds. The first and second wires are analyzed by thermal desorption/mass spectrometry
(TD/MS). If the two analyses are similar, no further analysis is necessary for the sampler. If
data vary, the second wire will be analyzed by thermal desorption-gas chromatography/mass
spectrometry (TD-GC/MS).

Approximately 10 percent of the samplers will contain a third wire to be used for quality
control. The wire is used to test the mass spectrometer’s operating conditions before survey
analysis. In addition, the third wire may be used to test the sensitivity of the analyses or to

compare the reproducibility of detected VOA.
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Two samplers will be included to act as travel blanks used to check for contamination introduced

during shipment.

8.3  Ambient and Indoor Air

Both ambient and indoor air quality samples for VOA analysis will be collected into evacuated
stainless-steel Summa™ canisters as described in Section 4.13.2 of the ESDSOPQAM and the
Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air.
The canister may be used to collect grab samples or integrated composite samples over a

prescribed time. The following procedures should be followed when collecting air samples.

1. Don personal protective clothing and equipment as the site-specific CHASP requires.
2. Select the sampling.
3. Before collecting the sample, attach a sample label to the canister detailing the location,

time of collection, interval, and the signature of the person collecting the sample. Labels

will be prepared in accordance with Section 11.4 of this CSAP.

4. For grab samples:
. Fit the canister inlet valve with a clean stainless-steel particulate filter.
. At the sample collection location, open the main valve and allow the canister to
fill.
. After approximately one minute or until there is no audible sound of rushing gas,

close and cap the main valve of the canister.

For composite samples:

° Attach a vacuum flow regulator to the canister to control the sampling period.
Adjust the flow rate so the ending pressure of the canister is approximately
0.9 atmospheres (atm). Record the initial flow rate and vacuum.

. Allow the canister to fill for the designated interval then close and cap the

container.
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5. Complete the chain-of-custody form (see Figure 11-3) and package canister for shipment

to the selected laboratory according to the guidelines in Section 11.3 of this CSAP.
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9.0 MISCELLANEOQUS SAMPLING TECHNIQUES

9.1 Wipe Sampling

Wipe sampling may be necessary to evaluate whether miscellaneous non-absorbent surfaces of
walls, floors, equipment, etc., are contaminated. Ideally, the surface should be horizontal and
facing upward since surfaces in this position generally are most susceptible to spills and settling

dust, but this is not always the case.

All wipes in the jar will be used in accordance with Section 4.12.6 of the ESDSOPQAM,
included in Volume V of the RFI Work Plan. Samples will be collected by swabbing or wiping
the material or surface with pre-prepared gauze pads that are saturated with either methylene
chloride, certified pesticide-grade hexane, or deionized water, depending on the parameters to
be analyzed. The wipes will be supplied by the analytical laboratory in an 8-ounce precleaned
glass jar. The wipes are to be removed from the sample jar using tweezers or gloves. The
entire area to be sampled is wiped with firm strokes using only one side of the wipe. The wipe
is then returned to the sample jar from which it was taken. Care should be taken to tightly
reseal the jar to prevent evaporation of the solvent. The sample jar will be labeled in accordance

with the procedures outlined in Section 11.4 of this CSAP.

A new pair of disposable gloves shall be worn to collect each individual wipe sample. The area
sampled in square centimeters shall be noted on the chain-of-custody form (see Figure 11-3) and
in the field logbook. The optimal area is 100 square centimeters. In order to ensure a
consistent sampling area, a 100 square centimeter template will be used. However, due to the
nature of the matrices to be sampled, the optimal area may not be available. In instances where
a 100-square-centimeter sample area is not available, the actual sampled area will be measured

and noted on the chain-of-custody form, sampling log, and the field logbook.
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9.2  Waste Sampling

The waste sampling program’s basic objective is to produce a set of samples representing the
waste media under investigation and suitable for subsequent analysis. This section describes the
methods and materials that will be used for sampling waste generated at Navy installations.
Under many circumstances, the sampling and testing performed for the investigation will be
sufficient to classify the waste and no additional sampling will be necessary. When additional
sampling is required to characterize the waste, it is important that quality control (QC) sampling
is performed to assess the sampling program’s accuracy and precision. QC sampling methods

should be the same as those stated in the approved work plan.

Sampling accuracy usually is achieved by using a random sampling technique. Sampling
precision is achieved by collecting the appropriate number of samples and by maximizing their

physical size.

A simple random sampling strategy will be employed for most solid waste cases where additional
samples are required to characterize the waste. The rationale for using this type of sampling
method is that typically little or no information is known about the distribution of the chemical
contaminants within the waste. For most solid waste, distinct strata within the containers are
not identified and variations in composition or stratification may have occurred at unknown and

random depths.

Simple random sampling is a type of probability sampling that relies on mathematical and
statistical theories. In simple random sampling, all locations or portions of the waste have an
equal chance of being sampled. For simple random sampling, the appropriate mumber of
samples to be collected is estimated by finding the regulatory threshold (RT) for the

contaminants of concern (COC) and by estimating the sample mean (x) and variance (s).
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Simple random sampling may be used for liquid waste that is thought to be homogeneous.
Stratified random sampling may be used for liquid waste sampling where the COC are thought
to stratify due to their density rela'tiw'/e to the other liquids. Stratified random sampling is
different from simple random sampling in that x is calculated for each stratum in the population
and then integrated into the overall estimates of those statistics. Systematic random sampling
also may be used for instances where there are recognized trends or cycles associated with the
contaminants in the waste. Cases where systematic random sampling may be used include drums

with floating or sinking products.

It also is likely that if the waste is to be disposed of to a treatment, storage, or disposal facility
(TSDF), its operators will want to perform their own waste characterization. Therefore, it is
important to contact the potential TSDF before sampling and analyzing the waste to avoid
duplicating efforts and costs. The potential TSDF for the waste should be contacted following
environmental sampling. Their requirements regarding acceptable laboratory analyses change
as do the wastes they are accepting and the rates they charge. Transportation requirements and

costs should be determined before shipping.

The sampling method chosen for each of the waste media will, in part, be dependent on the
potential contaminants of concern as shown by site history or analytical results of the field
sampling program. The generation of additional decontamination fluids through waste sampling
should be minimized and should be a factor considered in the final choice of sampling technique.
Care should be exercised to avoid the use of sampling devices plated with chrome or other

materials that might contaminate the sample.

The sampling methods for containerized media are divided into three sections that address (1)
soil and sludges, (2) containerized liquids, and (3) containerized personal protective equipment
(PPE). If required, wipe sampling will be used to analyze the surface of drums, disposable

equipment, and PPE.
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9.2.1 Soil and Sludge Sampling

Available options for sampling devices suitable for soil and sludge (or sediment) sampling
include scoops, thin-walled tube samplers, hand augers, core samplers, and sampling triers.
Using a scoop and a sampling trier 100 centimeters (cm) long is the recommended method for
'sampling containerized soil and sludge. However, site-specific conditions may necessitate a
variety of sampling options, and therefore al} of these sampling methods will be discussed. The
presence of rocks, debris, or other sampling-specific considerations may complicate sampling

and preclude using or require modification some of these sampling devices.

When sampling a previously sealed vessel, the presence of a bottom sludge should be checked.
This is easily accomplished by measuring the depth to apparent bottom and then comparing it
to the known interior depth. Methods for sampling a bottom sludge are described in the
following sections. Sludges that develop in 55-gallon drums also can be collected by employing

glass tubes used for the liquid portion of the sample.

9.2.2 Thin-Walled Tube Sampler

The thin-walled tube sampler is, as its name implies, a metal tube generally 2.5 to 7.5 cm in
diameter and 30 to 60 cm long. The tube is forced into the soil or sludge and then extracted.
Friction will usually hold the sample material in the tube during extraction. Interchangeable
cutting tips facilitate penetration with reduced sample disturbance. Thin-walled tube samplers
are available in various types and construction materials and are suitable for moist, dry, sandy,

or heavy-duty applications.

Soil or sludge also can be sampled with a hand corer. This device is essentially the same type
of thin-walled tube sampler described above. It is modified by adding a handle to facilitate
driving the corer and a check valve on top to prevent washout during retrieval through an
overlying water layer. Hand-auguring devices can be used in conjunction with a thin-walled tube

sampler. In this manner, a thin-walled tube sampler can be used to sample both from the
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surface or to the bottom of a 55-gallon drum. However, the presence of rocks or the collapse
of the auger hole generally prohibits sampling at depth.

9.2.3 Aqueous Liquid Sampling

Beakers, glass tubes, bailers, and extended bottle samplers and composite liquid waste samplers
(COLIWASA) are devices that may be used to sample containerized liquid media. Site-specific
conditions may necessitate a variety of sampling options, and therefore all of these methods will
be discussed below. Samples from drums also can be readily collected by merely submerging

a sample bottle.

Beakers

Using a sampling device such as a beaker, either disposable or constructed of glass, Teflon™, or
stainless steel, is the recommended method for sampling containerized liquids. The device
typically has a capacity of at least 500 ml to provide an adequate sample volume for analysis and
to minimize the number of times the liquid will be disturbed, thus reducing agitation of any
sediment layer. Large sample volumes that are required for some analyses will require
submerging the beaker several times to obtain the appropriate volume. A stainless-steel beaker
with pour spout and handle works well. It is easily cleaned and considerably less expensive than

Teflon™.

Glass Tubes and Bailers

Liquid samples from open containers, such as 55-gallon drums, may be collected. Bailers also
may also be used to collect liquid samples from containers such as drums or tanks. The major
disadvantages to using bailers are splash hazards, the need for decontamination of reusable

bailers, and the generation of waste when using disposable bailers.
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Composite Liquid Waste Samplers

The COLIWASA is designed to permit representative sampling of the complete water column
from drums or other containerized liquid media. This type of sampler is used when
contaminants of different densities, such as oil and water, are potentially present in the
containerized liquid. A typical COLIWASA consists of a 152-cm long by 4-cm ID section of
tubing with a neoprene stopper at one end. The stopper is attached to a rod running the length
of the tube and terminating with a locking mechanism at the other end. Manipulation of the

locking mechanism opens and closes the sample by raising and lowering the neoprene stopper.
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10.0 ANCILLARY DATA COLLECTION

10.1 Hydrolab Datasonde

The Hydrolab Datasonde 3 (DS3) Multiparameter Water Quality Dataloggers may be deptoyed
to measure in-situ water quality and tidal phases in nearby or onsite water bodies. The muiti-
mode device will measure temperature, pH, dissolved oxygen, conductivity, salinity, depth, and
oxidation/reduction potential‘(redox). Refer to Appendix B for Hydrolab operating procedures

and to the zone-specific SAPs for deployment locations.

10.2 Current Meter

A current meter may be deployed with the Hydrolab Datasonde surveyor to aid in physically
characterizing the surface water body. The Niskin Winged Current Meter will be deployed with
the DS3 approximately 2 feet above the bottom during one of the wettest and one of the driest
months of the year (based on historical climatological data). The meter measures current by
measuring the angie of tilt of its own housing when suspended from a suitable mooring. The
current meter will be operated, calibrated, and maintained according to the manufacturer’s
specifications. The operating manual for the Niskin Winged Current Meter is included as
Appendix C. Alkaline batteries will be used instead of the lithium battery listed in the operating

manual,

10.3 Rain Gauge

Rain gauges may be installed near selected sites of interest to document rainfall influence on
water level. Rain gauges will be installed according to the manufacturer’s specifications. Rain
gauges will be read after every rain event or daily, whichever time period is less. A log of these

measurements will be maintained.

10.4 Water Level Indicator
The static water level in monitoring wells and the depth of water at each surface water sampling
location shall be measured before sample collection. For monitoring wells, an electronic water

level indicator will be used. The decontaminated probe will be inserted down the well. A tone
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will indicate the probe’s contact with water. Pinpoint the water level by slowly raising and
lowering the probe until the tone is heard consistently below, and not above, a specific point.
Water level will be recorded to the nearest 0.01 foot on the Measurement of Groundwater Level

Form provided in Figure 10-1 or in the field logbook.

10.5 Secchi Disk

Before collecting surface water samples, measure water clarity at each surface water sampling
location. A secchi disk attached to the end of a graduated rope will be lowered into the water.
The first depth at which the disk is no longer visible from the surface (or when it touches the

bottom) will be recorded in the appropriate field logbook.

10.6 Hydrogeologic Assessment

The objective of the hydrogeologic assessment is to better understand the hydrogeoiogy
underlying the site(s). The hydrogeologic assessment will include an elevation survey of newly
installed monitoring wells; water level measurements in all onsite monitoring wells and/or
adjacent surface water bodies; and, as appropriate, multi-well pumping tests and slug tests on

newly installed or existing monitoring wells.

All newly installed and existing monitoring wells will be surveyed during the cadastral or
geodetic survey. Each well will be referenced to a common datum for elevation in accordance
with NAD 1983 standards. In addition, staff gauges will be placed in the surrounding surface

water bodies and surveyed relative to the same benchmark.

Static water levels will at a minimum be measured in all monitoring wells located on NAVBASE
during quarterly groundwater sampling events. Water levels will be collected at both high and
low tides and used to determine groundwater elevations for determining groundwater flow
direction and calculating of the hydraulic gradient. Groundwater data will be input into a

Geographic Information Systems (GIS) data management program to facilitate evaluating
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Figure 10-1

Measurement of Groundwater Level Form

| MEASUREMENT OF GROUNDWATER LEV
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groundwater flow on both a zone- and base-wide scale. As appropriate. and especially for low-

vield wells, slug tests will be conducted. Faliing-head and/or rising-head slug tests may be

conducted using electronic data loggers according to procedures provided below.

10.6.1

Slug Testing

Slug testing rapidly and easily estimates aquifer conductivity and transmissivity, and is superior

10 pump lesting in most remedial investigations because it produces little or no contaminated

water requiring containment and disposal.

General Procedures for Performing a Slug Test

1.

[

)

Insert a decontaminated pressure transducer. calibrated to an electronic data logger, to
an appropriate depth in the well to be tested.

Add or remove a known volume to (or from) the well or piezometer to create a rapid rise
(or fall) in water level. In most cases. a stainless-steel or Teflon™ cylinder of known
volume will be used.

Measure the rate of water-level recovery using the pressure transducer and data logger.

Graph data. in depth-time pairs. and determine hydrauiic conductivity and aquifer
transmissivity. A commercially available aquifer analysis will be used. Specific
analvtical techniques and assumptions made by the hydrogeologist will be provided in the

zone-specific SAP and/or the report.

Procedures for Falling-Head Slug Test

Before Slug Testing:

1.

2.

Put on personai protective clothing, as specified in the zone-specific CHASP.

Place plastic sheeting around the wellhead.  Arrange needed equipment and
decontaminated materials on the sheet.

Open the locking and vented caps and inspect the wellhead. Note in particular the

surveyved reference mark’s conditions. if any.
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4.

Measure and record the static water level and the depth to bottom of the well. Record

these data in the appropriate logbook.

During Slug Testing:

3.

Check calibration of the pressure transducer at two different depths in the well. Check
depths should be widely separated. Leave the transducer at the lower check point.
Rapidly insert slug (stainless-steel or Teflon cylinder) into the water.

Using the data recorder. record fall in water level vs. time.

Continue recording depth-time data until the well has recovered to nearly static water
level. When using data recorders, check and record the reading every few minutes to

ensure data are being properly recorded.

After Slug Testing:

9.

10.

Record the time of test completion in the logbook. If a data recorder with random access
memory (RAM) or erasable programmable read only memory (EPROM) was used,
record the file name used.

Decontaminate all equipment according to the guidelines in Section 15 of this CSAP.
Clean up the site, and close and lock the well before leaving. Place contaminated plastic
sheeting and disposable protective clothing in the designated drum for future disposal by
the Navy in accordance with Section 16 of this CSAP.

NOTE: Both rising- and falling-head slug tests may be carried out in the same
operation by first measuring the rate of water-level fall immediately after siug insertion,
then measuring the rate of water-level rise after slug withdrawal. Be sure the well has

recovered to static water level before conducting the rising-head slug test.
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Procedures for Rising-Head Slug Test

If the monitoring well screen brackets the water table, the rising-head slug test generaily will

be more representative than the falling-head.

Before Slug Testing:

1.

()

Lower a decontaminated slug (stainless-steel cylinder) of known voiume into the well
until it is fully submerged. Allow the well to re-equilibrate to static water level.
Turn on the data recorder, if used, or verifyv the static water level has been re-established

with a water-level meter.

During Slug Testing:

o3
2.

+.

Lh

Withdraw slug quickly, avoiding surging.

Using a data logger, record the rise in water level vs time.

Continue recording depth-time data until the well has recovered to nearly static water
level. When using data recorders. check and record readings every few minutes to
ensure data are being properly recorded.

Record time of test completion in the field logbook. If a data recorder with RAM or

EPROM memory was used, record the file name used.

After Slug Testing:

Decontaminate all equipment. Clean up the site, and close and lock the well before
leaving. Place any contaminated plastic sheeting and disposable protective clothing in

a designated drum for disposal by the Navy in accordance with Section 16 of this CSAP.
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Restrictions/Limitations
In wells where the static water levei and those induced during testing are above the top of the
screened or open hole interval, both rising-head and falling-head tests should be conducted to

check resuits.

Quality Control Requirements for Slug Tests
o A pressure transducer and data logger. or strip chart recorder. must be used to perform

these tests.

. Slug tests shall be performed after groundwater sampling to minimize contamination.
. All equipment must be decontaminated before each test.
10.6.2 Pumping Tests

Multi-Well Pumping Tests

In general, the investigation will contain slug test resuits and interpretations, which will be
sufficient for site characterization. If evaluation shows groundwater remediation is required and
the aquifer test data are insufficient for remedial design, then the data will be used to design a
high-volume test for remedial design purposes. Multi-well pumping tests will be conducted by
withdrawing groundwater at a constant, known rate from a designated production well. If the
well can sustain enough discharge to adequately stress the aquifer, then aquifer tests will be
performed in the unconfined surficial zone for a mintmum of 72 hours (48 hours of discharge,
24 hours of recharge). A flow meter will determine if the pumping rate remains constant.
During multi-well tests, water levels will be measured simultaneously in designated adjacent
monitoring wells. In general. the tests will be based upon zone-specific objectives (e.g., steady
state conditions or boundary conditions). Water-level recovery in production and monitoring
wells will be monitored after the pump is turned off until the water recovers to its original level
(less residual drawdown). Drawdown and recovery data from each pumping test will be plotted
to produce time vs, drawdown graphs. which wiil be used to calculate hydrauiic conductivity and

transmissivity, and to determine the hydraulic connection between zones. Specific analytical
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techniques and assumptions used by the hvdrogeologist will be provided in the zone-specific

SAP. the report, and/or appropriate deliverable documents.

10.6.3 Tidal Influence Studv
At selected locartions, the influence of tides on static groundwater levels will be evaluated.
Monitoring wells oriented both perpendicular and parallel at various distances to the shoreline

will be selected for study.

1. Lower a decontaminated pressure transducer or Well Sentinel into the well until it is fully

submerged. Allow the well to re-equilibrate to static water level.

14

Turn on the data recorder. if used. The data recorder or Well Sentinel will record the
rise and fall in water level vs. time at selected time intervals for the designated study
period. The time intervals and the sampling period will be designated in the zone-
specific SAP.

Record test completion time in the field logbook. If a data recorder with RAM or

tid

EPROM memory was used. record the file name. If a Well Sentinei was used. download
the data into a computer.

Decontaminate all equipment. Clean up the site, and close and lock the well before

:I.-

leaving. Place anyv contaminated plastic sheeting and disposable protective clothing in

a designated drum for disposal by the Navy accordance with Section 16 of this CSAP.

10.7 Radioactivity Screening - Gamma Sources

Charleston Naval Shipyard (CNS) will perform detailed radiological surveys at all locations
within the shipyard having any potential for radioactivity and document radioactivity levels
which are consistent with namrally occurring background. Additionally, the Navy will be
performing detailed radiological surveys at certain sites on NAVBASE. This information may
be independently verified by the USEPA and SCDHEC. If practical, sampling should not

proceed at any sampling point within the shipyard. or at NAVBASE sites mentioned above untit
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applicable Navy radiological verification surveys have been completed at that sampling point.
These surveys will be described in separate workplans and reports. This procedure provides
cuidance for gamma screening at locations where samples will be collected for determining
RCRA remediation actions required. Where it is necessary to proceed with RCRA sampling in
advance of planned surveys, in locations specifically designated as having some potential for
radioactivity not yet surveyed by the Navy, gamma screening wiil be conducted in accordance
with this section. Upon completion ot the detailed survevs, gamma screening wiil only be
required prior to taking samples from any areas specifically designated as having a potential for
radioactivity. The purpose of the screening is to identify any sample location where the
radioactivity level exceeds 50 microroentgens per hour (xR/hr) and warrants taking precautions
during sample coilection and analyses. The action level of 50 uR/hr corresponds to those
permissible for the general public by the applicable Code of Federal Regulations, i.e. Title 10

or 40, or State regulations.

Equipment Required

. Ludlum Model 3 survey meter
. Ludlum Model 44-5 gamma scintillation probe; 1-inch X 1 inch sodium iodide (Nal); and
* Cesium-137 check source

Radiation Screening Setup:

Check the equipment for proper condition and response to the Cesium-137 check source in
accordance with the manutacturer’s technical manual and operating instructions. The checks
shall be at least daily prior to use and while in use in accordance with the manufacturer’s

technical manual and operating instructions.

Screening:
Prior to initiation of field acrivities. obtain concurrence from the shipyard and NAVFAC BRAC

Environmental Coordinators (BEC) representatives on the specific locations for which to be
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vamma survevs are proposed to be taken. Prior to taking samples perform a gamma radiation
reading at the ground surface at each designated sampling point. All uR/hr readings shall be
documented and independently verified in writing as accurately recorded for each location. If
the gamma radiation tevel at any location is greater than 50 uR/hr in the area do not proceed
with taking the sample. In this case. notify the task order manager immediately for further
direction. The task order manager will promptly notify both the CNS and NAVFAC BEC
representatives. to identify the causes of the deviation from expected background and whether
further action is necessary (e.g. radiological precautions necessary for sample collection or
analyses). For sites specifically designated as having a potential for radicactivity below surface
(e.g. any landfill area), as core samples are taken. gamma survey all portions of the samples in
accordance with this section taking standard precautions to avoid direct personnel contact with
the samples. If the gamma radiation level on any core sample is greater than 50 uR/hr,
discontinue sampling operations. Handle the sample and exposed sampling equipment surfaces
as potentially radioactive pending further evaluation. Notify the task order manager immediately
for further direction. The task order manager will promptly notify the CNS and NAVFAC BEC

representative for further direction as discussed above.
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11.0 MANAGING SAMPLES
Samples will be managed in accordance with Section 4.2 of the ESDSOPQAM, included in

Volume V of the RFI Work Plan.

11.1 Sample Containers, Preservatives, Holding Times

Appendix D provides information on sample container type and size, preservation requirements,
and holding times. The appropriate number of pre-cleaned sample containers, preservatives, and
trip blank samples will be obtained from a NEESA-approved laboratory. Stainless-steel
sampling liners, which may be used to collect soil samples, will be obtained from the
manufacturer and decontaminated in the field before use. Heterotrophic plate count sampling

will be conducted with sterile containers and scoops provided by the laboratory.

11.2 Sample Preservation
Samples will be chemically preserved in accordance with the guidelines presented in
Section 4.2.7 of the ESDSOPQAM. All samples requiring chemical preservation will be

prepreserved either before sample collection or immediately after collection in the field.

In accordance with the ESDSOPQAM the following samples will not be preserved:

. Samples collected within a hazardous waste site thought to be highly contaminated with
toxic materials, as well as samples collected from source areas (i.c., barrels, drums,
closed containers, or spillage).

* Samples with extremely high or low pH.

e Samples that may generate dangerous gases if preserved.

These procedures will be followed when preserving samples:
1. Ensure that the samples are not over-preserved because courier services may consider

them dangerous goods requiring shipment in accordance with Interational Air Transport
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Association (IATA) Dangerous Goods Regulations. As a general rule, four drops of acid

will preserve a 40-ml VOA sample and 40 drops of acid will preserve a 1-liter bottle.

2. When testing sample pH, pour a small aliquot of the sample over a piece of pH paper.

Place the pH paper into the separate container to determine the pH.

3. If the free chlorine test is positive (i.e., blue color change on the KI paper), preserve the

cyanide sample using the following procedures:

[ 4

[ ]

Add a few crystals of ascorbic acid to the sample. Mix thoroughly.

Retest for free chlorine., If the test is positive, continue adding ascorbic acid until
the result is negative.

When it is negative, add a few crystals of additional ascorbic acid crystals.
Add sodium hydroxide (NaOH) to the cyanide sample until the pH is > 12.
Properly document the sample preservation on the sample label and the chain-of-

custody form.

4. If the sulfide test is positive (i.e., bluish-black color change on the lead acetate paper),

preserve the cyanide sample following the procedures listed below:

Add a small amount of lead carbonate to the sample. Mix thoroughly.
Continue the procedure until a precipitate is formed.

Filter the sample using a 0.45-micron filter.

Add NaOH to the filtered sample until the pH is >12.

Properly document the sample preservation on the sample label and the chain-of-

custody form.

11.3 Packaging Samples for Shipment

All samples will be packed for shipment according to Appendix, C Section C.3 of the

ESDSOPQAM to avoid breakage and prevent cross-contamination.
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Sample Packaging Procedures
1. Select a cooler in good condition. Seal the drain plug on the inside and outside of the

cooler with tape to prevent leakage.

2. Line the cooler with a large plastic bag.

While Packaging Samples

1. Place one sample container in one sealable plastic bag. VOA vials may be bagged
together.

2. To prevent breakage, either:
o Wrap samples in bubble-wrap packing material. Seal bubble wrap around the

containers with tape. Bubble wrap is not required for plastic containers, but take
care when packing the coolers so containers do not directly touch each other;
OR &

. Place 2 to 4 inches of inert packing material (i.e., vermiculite or cellulose
insulation) on bottom of the cooler. Place the bagged containers inside the cooler
so the bottles do not touch. Completely fill any remaining space with inert
packing material.

3 Include a temperature blank or temperature strip in each sample cooler.

4 Fasten the top of the large plastic bag with tape.

5. Place double-bagged ice inside cooler to preserve the samples to 4°C.

6 Place a chain-of-custody record describing the contents of each cooler in a sealable
plastic bag and place it inside each cooler.

7. Seal the cooler with tape and custody seals so it cannot be opened without breaking the

seal.
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Labeling the Package

1. Clearly print "This End Up" or "This Side Up" on top of the cooler, and place upward
pointing arrows on sides of the cooler.

2. Mark cooler with the addresses of both shipper and receiver.
If more than one cooler is to be shipped, mark with the sequential cooler number and the
total number of coolers (e.g., 1 of 3, 2 of 3, and 3 of 3).

11.4 Sample Labeling

Section 3 of the ESDSOPQAM provides general instructions on labeling samples. Labels will
be affixed to each sample container. A sample label is provided in Figure 11-1. Labels wiil
include site, sample identification, coliection time and date, method of preservation, sampler

identification, and the analyses to be conducted.

Figure 11-1
Sample Label

A Joint Venture Yor Professional Services
EnSafe/Allen & Hoshall
{301) 383-9115

Site:  Naval Base Charlaston
Sample Number:
Preservative: 4°C
Analysis:
Date:
Time:
Sampler:

Sample Number: Assign the sample identification number according to the following format

and guidelines:

Format: XXXX/1234567890

114
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XXXX/ —

Field Samples:

123 —

5678 —

90 —_

QC samples:

123 —

This is a prefix that correlates all samples within a specific project. The
prefix is not part of the actual sample identification. All samples collected
as part of the NAVBASE investigation will use the prefix "NBC/".

The first three digits are for the site where the sample was collected:
sites, SWMUs, plumes, buildings, background, etc.

This digit will represent the matrix of the sample. In order to keep the
data consistent and facilitate data management, the following master list
of abbreviations for common matrices will be used when applicable:

S — soil (surface, borings, and trenches)
C — soil duplicate sample

M — sediment (settled, fluid-borne solid)
N — sediment duplicate

G — groundwater

H — groundwater duplicate sample

W — surface water

R — surface water duplicate sample

U — sludge
Y — sludge duplicate
A — air

Z — liquid waste
V — solid waste

These four digits designate the sampling location: boring or well number,
sampling station, trench number, existing well identification, etc.

The final two digits represent the sample-specific identification: depth to
the nearest foot, depth interval, serial number for water samples, etc.

The first three digits are for the site where the sample was collected, as
above.
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4 — This digit will represent the type of QC sample. Again, in order to keep
the data consistent and facilitate data management, the master list of
abbreviations for commonly collected QC samples below will be used
when applicable:

K— Mé sample

X — MSD sample
T — trip blank

E — equipment rinsate blank

D — deionized water system blank
P — potable water blank

F — field blank

L. — filter blank

B — USEPA blind spike sample
2 — cement blank

3 — drilling mud

4 — grout blank

5 —- bentonite blank

6 — sand blank

5678 — These four digits correlate the QC sample with the field samples
associated with it. A simple way to accomplish this is to use the sampling
location, for example the boring or well number, of a sample collected on
the same day as the QC sample. This also will aid in keeping the QC
samples blind to the laboratory.

90 — The final two digits are the serial number for the QC samples. For
example, the first rinsate blank collected at a particular site will have the
serial number "01," the second rinsate will be "02," etc.

Sample Numbering Guidelines:

d This sample-numbering system uses 10 digits for each sample number. All 10 digits
must be used. A master list of sample matrix and QC sample abbreviations is supplied
above. Any abbreviations may be used for job site and sample locations, but they must
fit into the sample number format. All spaces in the sample number format must be
filled and no extra characters included. If all of the spaces are not necessary for a

sample identification, zeroes will be used as space-fillers.
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Even though the format for sample numbers is standardized, the system still requires
planning on the part of the project or site manager to ensure that every sample has a
unique number. For example, if multiple sampling events will take place at the same
site, this information should be incorporated into the site or sample location abbreviations
for samples collected there.

Define site and sampling location abbreviations as much as possible before starting the
sampling event. When necessary, consuit the well inventory and sample logbook before
assigning new sample numbers. This will reduce the possibility of duplicating
abbreviations as sample numbers. -

Samples to be used for MS/MSD analyses will be collected in triplicate to ensure that the
analytical laboratory receives sufficient volume for the analyses. The extra sample
aliguots will have -MS and -MSD added to the end of the sample number.

The letters I and O and the numbers 1 and 0 are not used as the matrix/QC digit because
they are easily confused on chains-of-custody and sample labels.

The master abbreviation lists cover only routinely collected QC samples. Some sites may
necessitate collecting uncommon sample matrices (i.e., animal or plant tissue samples,
wipe sampling, building materials, etc.). These situations will require using a
customized matrix and QC sample abbreviation list. When custom codes are necessary,
all matrix codes will be defined and documented in the sample logbook and associated
field logbook. These custom codes will be carefully selected to avoid confusion with
existing sample numbers.

If multiple soil samples from a trench are to be collected at the same depth, note each
sampling location in the field logbook and incorporate both the trench number and
sampling location into the sample identification as digits 5678.

If a project requires collecting samples for total and dissolved constituent analyses, set
up site or sample location identifiers indicating which samples are filtered and which are

not.
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Completing the Sample Label and Correcting Errors:

All information except date, time, and sample collector’s signature will be preprinted on the
labels. The remaining information will be recorded clearly on the label in non-erasable,
waterproof black ink. Errors will be corrected on the sample label by marking through with a

single line, initialing the error, and then recording the correct information.

11.5 Sample Custody
Sample custody or possession will be traceable from the time the sample is collected to its
delivery at the analytical laboratory. Refer to Section 3.3 of the ESDSOPQAM for general

instructions on maintaining chain-of-custody. Exceptions are outlined below.

Maintaining Field Custody

1. After collecting samples, label and seal the sample jar with a custody seal (see
Figure 11-2).

2. Affix the seal so samples cannot be opened without breaking.

3. The sampler must sign and date the seal.

Chain-of-Custody Record

The chain-of-custody form will be used to record custody of the samples. An example of the
chain-of-custody form is provided in Figure 11-3. Record the necessary information on the
chain-of-custody clearly in non-erasable, waterproof, black ink. Use zeros and sevens with
slashes through them to avoid confusion with O’s and I’s. Correct errors on the chain-of-
custody by marking through with a single line. Initial the error and then record the correct

information. The following information will be recorded in the appropriate spaces on the form.

Information about EnSafe/Allen & Hoshall:
. Client name (E/A&H) and address of E/A&H.
. Project Name/Number (Naval Base Charleston / Control Task Order [CTO] Number).



ENSAFE/ALLEN & HOSHALL

S720 SUMMER TREES DR, SUITE &

PNAVY CLEAN MEMPHIS, TENNESSEE 38134
7 ENSAFE/ALLEN & HOSHALL €901 383-9115

DFFICIAL SAMPLE SEAL

SAMPLE #

DATE:

SIGNATURES

»
i3

PRINT NAME & TITLE:

FINAL RFI CSAP
NAVAL BASE CHARLESTON
CHARLESTON, S.C.

FIGURE 1i-2
CUSTODY SEAL

DWG DATE: 0B/08/94 |DWG NAME: 029SECSL




Final Comprehensive Sampling and Analysis Plan
Naval Base Charleston
August 30, 1994

This page left blank intentionaily.

11-10



NAVY CLEAN CHAIN OF CUSTODY RECORD
ENBAFE/ALLEN & HOSHALL
0L J83-9115 PAGE OF
CLIENT [ PROJECT MANAGER / ANALYSIS REQUIRM
ADDRESS TELEPHONE NO. &
PROJECT NAME/NUMBER FAX. NO. $§
MEDIA STATUS: (A, B, OR C)—.__ _____ SAMPLERS: (SIGNATURE) S REMARKS
&
FIELD SAMPLE TYPE/SIZE PRESERVATION ,
SAMPLE NUMBER BATE TME 1" 1vpe OF CONTANER  f¥ewp T cnemca V<
|
|
—
|
RELINQUISHED BY: OATE | RECEVED BY PATE| RelINQUISHED BY: DATE | RECEVED BY DATE
SIGNATURE SIGNATURE . SIGNATURE SIGNATURE
PRINTED PRINTED PRINTED PRINTED
COMPANY I TMEl ooupany | TME company o | TME company | TME
REASON . . REASON - REASON . REASON
METHOD OF SHIPMENT: | COMMENTS: ATER ANALYSIS, | %I;Ln% N‘:.LRE FE% BE:
gsIEI::thELNTIN?%UC'ﬂON' 0 STORED (S0 DAYS MAX)
- © STORED OVER 90 DAYS (ADDTIONAL FEE)
&1 RETURNED TO GUSTOMER
CHANCUST
FINAL RFl CSAP FIGURE 11-3

4 NAVAL BASE CHARLESTON CHAIN—OF—-CUSTODY RECCRD
4 CHARLESTON, S.C.

DWG DATE:08/08/94 |DWG NAME: 029COCR
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Project Manager’s Name.

Signature of Sampler(s).

Information about the Sample:

Field sample identification (as described in previous section).
Date and time of collection (24-hour clock).

Type of sample.

Type and size of sample containers.

Preservation temperature and chemical.

Number of sample containers per sample.

Type of laboratory analysis required.

Comments such as "strong odor” etc. go in the remarks section.

Samples to be used for MS/MSD will be indicated in the "Remarks" section.

Information about Transfer, Shipment and Disposal:

When sample custody is transferred, document it in the appropriate section of the form.
The person relinquishing custody must print his or her name, company name, reason for
the transfer, date, time, and signature on the form.

The method of shipment and the air-bill number of the shipment will be noted on the
chain-of-custody form.

During shipment, the chain-of-custody form must be sealed in a plastic bag and secured
inside the shipping cooler.

Note any special instructions (e.g., priority turnaround) or comments in the appropriate
section of the chain-of-custody and discuss them with the laboratory before collection and
shipment.

Note sample disposal or storage instructions after completing laboratory analysis.
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11.6 Chain-of-Custody Transfer
Refer to Section 3.3.5 of the ESDSOPQAM for general instructions on transferring custody and

shipping of samples. Specifics are listed below.

Transferring Custody

1.

Record the air-bill number in the appropriate section on the chain-of-custody record and
in the field notebook. Seal the chain-of-custody form in a plastic bag and place it inside
the shipping cooler before closing.

Secure shipping coolers with tape and place a custody seal on each side of the cooler’s
exterior to prevent opening without breaking the seal.

Ship samples overnight to the selected analytical laboratory.

When relinquishing custody to a shipper, advise the laboratory of any time constraints
on analysis. Notify the laboratory as early in the week as possible regarding samples

intended for Saturday delivery.

Laboratory Sample Receipt Procedures

1.

A sample custodian accepts custody of the shipped samples from the carrier and enters
data about the package into a receipt log, including the status of the coolers’ custody
seals.

The laboratory sample custodian opens the shipping coolers, checks the contents, logs
in the samples, and verifies that the information on the chain-of-custody agrees with
samples received.

The custodian records information such as shipment, pickup, and courier on the
"Remarks" section of the chain-of-custody record. The custodian also documents
temperature of the cooler by checking the temperature blank or strip, as well as the
general condition of sample containers.

The analyst verifies sample preservation before extraction, digestion, or analysis and

records pH.
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If samples are improperly preserved, the Laboratory Quality Assurance Coordinator
(LQAC) documents this fact, along with the sample identification and other pertinent
information, and notifies the task order manager and site manager. All other QA/QC
discrepancies are handled similarly and must be documented as an out-of-control event

with the corrective action taken.
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12.0 ANALYSIS

12.1 Field Parameters

The QA/QC objectives for parameters to be measured in the filed are presented in Table 12-1.
Precision and accuracy targets for pH, temperature, and conductivity measurements are those
specified by the USEPA ESDSOPQAM. QA/QC targets for other measurements are based on

the manufacturer’s specifications pertaining to precision and accuracy of the instrument.

pH Water + 0.5 Std. Units, + 0.2 Std. Units 90%
Temperature Water + 1.0°C + 0.2° C 0%
Specific Conductivity Water + 10% + 1% of full 90%
scale
Salinity Water + 2.0 ppt + 1.0 ppt 90%
PID/FID Air + 10 ppm + 2 ppm 90%
Static Water Level Water + 0.01 ft. + 0.05 ft. 90%
Redox Water ** + 20 mV 90%
Dissolved Oxygen Water ** + 2 mg/ 90%
Turbidity Water 0.01 NTU 0.1 NTU 90%
Wellhead Points Spatial + 5% + 0.1 ft. 90%
Vertical + 0.05 feet + 0.01 ft. 90%
Field Measurement References:
. pH, Temperature, and Specific Conductivity: Methods for Chemical Analysis of Water and Wastes,

USEPA-600/4/79-020, Revised March 1983.
Salinity: Manufacturer's SOP for salinity measurement.
PID/FID: Manufacturer’s SOP for operation of Photovac MicroTIP, Foxboro OVA, and HNu.
. Water Level, Redox, Dissolved Oxygen: Manufacturer's SOP for the Hydrolab Datasonde.
** SOP’s precision values of these parameters = one month’s stability of accuracy.
Wellhead Points: Standard Land Surveying Methods in accordance with National Geodetic Survey.
Turbidity: Manufacturer’s SOP for turbidity meter.
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Calibrating and Standardizing Equipment

Field measurement instruments will be calibrated at least twice daily (before use and at the end

of the day) according to the manufacturer’s specifications. Instruments also may be calibrated

during the day if field personnel consider it necessary. Tracing each standard to National
Institute of Standards and Technology (NIST) will be based upon the forms and product-specific

information provided by the standard manufacturer/supplier. Instrument calibration will be

recorded in the field logbook or calibration forms, and calibration procedures and calculations

will be recorded on the calibration log forms in Figures 12-1 to 12-3.

Calibrating and Standardizing Temperature Probes

1.

Initially, calibrate all thermometers against a NIST-certified thermometer or one traced
to National Bureau of Standards (NBS) certification. Glass mercury-filled thermometers
will not be used.

Test temperature probes for calibration quarterly by checking the unit against a NIST-
certified thermometer. If values do not fall within specified ranges listed in Table 12-1,

the probe will not be used and will be returned to the manufacturer for service.

Calibrating and Standardizing pH Meters

1.

Check the pH meter before use for any mechanical or electrical failures, weak batteries,
and cracked or fouled electrodes.

Standardize the pH meter before use each day in the field using a 2-point calibration.
The meter slope will be checked initially using pH 4, 7, or 10 buffer solutions,
depending on the expected pH value of the samples to be analyzed. A meter slope
outside the range of 85 to 115 percent indicates meter or probe failure. The calibration
check process will be repeated between sampling locations using one of two initial buffer
solutions. Record the calibration in the field logbook, and all calibration procedures and

calculations on the calibration log in Figure 12-1.
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Figure 12-1
Calibration Log — pH Meter
Naval Base Charleston — Charieston, South Carolina

pH Meter:
Model: Date/Time:
Serial Number: Checked by:

Instrument Checklist:

YES NO
[s the instrument clean and in good condition? o .
Is the battery charge acceptable? o .
Is the liquid crystal display {LCD) functioning properly? _ -
Is the probe filled with proper solution? __ .
Are there any visible cracks or problems with the probe? . -
Two- or Three-point Calibration

Reading Lot # Expiration Date

Buffer 4.0:
Buffer 7.0:
Buffer 10.0:

Initial Slope:

Remarks:

[2-3
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Figure 12-2
Calibration Log — Conductivity Meter
Naval Base Charleston — Charieston, South Carolina

Conductivity Meter

Model: Date/Time:

Serial Number: Checked by:

Instrument Checklist:

Is the instrument clean and in good condition?

Is the batiery charge acceptable? o
Is the liquid crystal display (LCD) tunctioning properly?

Is the conductivity cell clean? -
Are there any visible cracks or problems with the probe? _
Conductivity Calibration Standards:

Source: Date of Receipt: Lot #/Expiration:

Two-point Calibration

NIST Lot #
100 ymhos/cm Solution:
1000 pmhos/cm Solution:
Temperature: Instrument internal calibration:

Remarks:

[2-5



Final Comprehensive Sampling and Analvsis Plan
Naval Base Charleston

August 30, 1994

This page left blank intentionally.



Final Comprehensive Sampling and Analvsis Plan

Naval Base Charleston
August 30, 1994

Figure 12-3

Calibration Log — PID/FID/OVA Meter
Naval Base Charleston — Charieston. South Carolina

PID/FID/OVA Meter:

Model: Date/Time:

Serial Number: Checked by:

Instrument Checklist:

Is the instrument clean and in good condition?

[s the battery charge acceptable?

Is the readout display functioning properly?

Are there any visible cracks or problems with the meter?
Does ultraviolet lamp window or dust filter need cleaning?

PID/FID/OVA Calibration Standards:

Span Gas Type/Source:

Date of Receipt:

Lot #/Expiration:

Remarks:
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Calibrating and Standardizing Specific Conductivity

1.

Refer to the designated cell constant of the conductivity cell in the manufacturer’s
instruction book. Determine the actual cell constant each day before use.

Use a conductivity calibration solution to check the cell constant. If the values obtained
during the check are within specification, any measured deviation will be used to
extrapolate a more accurate sample reading as outlined in the manufacturer’s instructions.
If the check values are out of specification, the cell will be returned to the manufacturer
for repair.

Check each conductivity meter before use to ensure the probe is intact, the batteries are
sufficiently charged, and the cell is clean. Calibration procedures entail checking the
conductivity cell with one potassium chloride standard in the expected range of the
sample(s) to be collected.

If the conductivity meter does not automatically compensate for temperature, manually
recalibrate it to account for temperature.

Record the calibration in the field logbook, and all calibration procedures and

calculations on the calibration log in Figure 12-2.

Calibrating and Standardizing Photo/Flame Ionization Detectors and Organic Vapor
Analyzers (OVA)

1.

Calibrate the PID/FID/OVA quarterly using the kit provided by the manufacturer.

Alternatively, rented instruments will be returned to the manufacturer/rental company for

quarterly calibration.

Calibrate each PID/FID/OVA both before use and at the end of the day with the

calibration span gas specified by the manufacturer.

Record background readings at the site.

Clean the instrument’s exterior quarterly by wiping with a damp cloth, using a mild

detergent when necessary.

Correct all field readings for ambient background readings by subtracting the measured
background reading from the field reading. Under no circumstances will the

meter be zeroed based on ambient conditions in the AOC.
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6. Recharge the instrument’s battery when the low-battery indicator appears. The
instrument should be allowed to fully discharge before fully recharging. This will
maximize its operating time.

7. Record the calibration in the field logbook, and all calibration procedures and

calculations on the calibration log in Figure 12-3.

Quality Assurance Targets for Precision and Accuracy in the Field

Precision and accuracy targets for pH, temperature, and specific conductivity measurements are
specified in Section 6 of the ESDSOPQAM and are provided in Table 12-1. Quality Assurance
(QA) targets for other measurements are based on manufacturer’s information pertaining to the

precision and accuracy of the associated instruments.

12.2 Laboratory Analysis
Parameters and Analytical Methods to be Used:

Parameters and analytical methods are presented in Appendix D. Samples will be analyzed in

accordance with the applicable methods as outlined in Test Methods for Evaluation of Solid
Waste (Physical/Chemical Methods), SW-846, Third Edition, September 1986.

Additional analytical methods for potentially analyzed parameters not included in the SW-846

analyses are listed below.

Additional Methods for Laboratory Analysis:

. Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater, 40 Code
of Federal Regulations (CFR) Appendix A to Part 136, July 1987.

. Methods for Chemical Analysis of Water and Wastes, USEPA-600/4-79-020, Revised
March 1983.The analytical laboratory will calibrate instruments according to protocols
of the specified method to be performed and with the laboratory calibration procedures
outlined in ESDLOPQCM, included in Volume V of the RFI Work Plan.
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QA Targets for Laboratory Precision and Accuracy

Project QA objectives tor analytical parameters for soil and groundwater are stipulated in the
respective analvtical methods and as determined by the analyticai laboratory’s historical data
quality evaluation for these methods. The NEESA laboratory approval process ensures
laboratory method QA/QC standards are appropriate to meet goals for intended data uses.

General QA goais for these methods are presented in Tables 12-2 and 12-3.

The contract laboratories” QAPs are included in Volume V of the RFI Work Plan for EPA
approval. If the services of additional laboratories are needed for this investigation, advance
notice will be given and the laboratories’ QAPs will be made available for USEPA and NEESA

review and approval.

Table 12-2
Metais Analysas Data QA Objectives
Matrix Spikes/Duplicate Anaiyses
Accuracy
Compound (Metal) Precision* [RPD) (% Spike Recovery)

Aluminum = 20 80-120
Antimonv = 20 80-120
Arsenic = 20 80-120
Barium = 20 80-120
Beryilium = 20 80-120
Cadmium = 20 83-120
Calcium = 20 80-120
Chromium = 20 80-120
Cobalt = 20 80-120
Copper + 20 80-120
Iron = 20 80-120
Lead =20 80-120
Magnesium + 20 80-120
Manganese + 20 80-120




Final Comprehensive Sampling and Anaivsis Plan
Navai Base Charleston
August 30. 1994

Table 12-2

Metals Analyses Data QA Objectives
Matrix SpikessDuplicate Analyses

Accuracy
Compound (Metal) Praecision* {RPD) {% Spike Recavery)
Mercury = 20 80-120
Nickei = 20 80-120
Potassium = 20 80-120
Selenium = 20 80-120
Silver = 20 80-120
Sodium = 20 80-120
Thatlium = 20 80-120
Tin + 20 80-120
Vanadium = 20 80-120
Zinc = 20 80-120
Cyanide = 20 80-120
Notes:
RPD - Relative Percent Difference
N — preciston limits apply when metal is present at = 10 times the instrument detection limit (IDL)
r
Tabie 12-3
Qrganic Analyses Data QA Objectives
Matrix Spikes/Matrix Spike Duplicates/Surrogate Spikes
Soil Precision Soil Accuracy Water. Pracision Watar: Accuracy
Fraction: Compound {RPD} {% Recovery}: (RPE_L_ {% Recovery): -
VOA Matrix Spikes
(8240) 1.1-Dichioroethene 22 59-172 14 61-145
Trichloroethane 24 62-137 14 71-120
Chlorobenzene 21 60-133 13 75-130
Toluene 21 59-139 13 76-125
Benzene 21 66-142 11 76-127
| VOA Surrogate Spikes
: {8240} Toluene-d, — 34-138 — 38-110
4-Bromofluorcbenzene — 59-113 — 86-115
1,2-Dichlorcethane-d, — 70121 — 76-114
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Table 12-3
Organic Analyses Data QA Objectives
Matrix Spikes/Matrix Spike Duplicates/Surrogate Spikes
Soil Precision Soil Accuracy Water Precision Water Accuracy
Fraction Compound {RPD) (% Recovery) [RPD) . {% Recovery} _
SVOA Matrix Spikes T
(8270} 1,2,4-Trichlorobenzene 23 38-107 28 39-98
Acenaphthene *9 31-137 31 46-118
2,4-Dinitrototuene 47 28-89 38 24-96
Pyrene 36 35-142 31 26-127
N-Nitroso-Di-n-Propylamine 38 41-126 38 41-116
1,4-Dichlorobenzene 27 28-104 28 36-97
Pentachlarophenol 47 17-109 50 9-103
Phenal 35 26-90 42 12-110
2-Chlorophenaoi 50 25-102 40 27-123
4-Chlaro-3-Methyiphenoi 33 28-103 42 23.97
4-Nitrophenol 50 11-114 850 10-80
SVOA Surrogate Spikes
(82701 Nitrobenzene-d. - 23-120 — 35-114
2-Fluorobiphenvi — 30-11% — 43-116
p-Terphenvi-d., — 18-137 — 33-141
Phenot-d. — 24-113 — 10-110
2-Fiuorophenol — 25-121 — 21-110
| 2,4,6-Tribromopnenal — 19-122 — 10-123
Pesticides Matrix Spikes
{8080} Lindane {gamma-BHC} 50 46-127 15 56-123
Heptachlor 31 35-130 20 40-131
Aldrin 43 34-132 22 40-120
Dieldrin 38 31-134 18 52-126
Endrin 45 42-139 21 56-121
4.,4"-DDT 50 23-134 27 38-127
Pesticides Surrogate Spikes
(8080} Decachlorobichenyi — 6G-150° — 60-150°
2,4,5,6-Tetrachlaro-m-xylene — 80-150° — 60-150°
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Table 12-3

Organic Analyses Data QA Objectives
Matrix Spikes/Matrix Spike Duplicates/Surrogate Spikes

Fraction

Compound

Soil Precision
(RPD}

Sail Accuracy
(% Recovery}

Water Precision
(RPD)

Water Accuracy
{% Recovery}
W

Herbicides Matrix Spikes
{8180)
2,4-D 40 40-150 30 40-130
i Silvex a0 40-150 30 40-130
Herbicides Surrogate Spikes
(8150)
Dicamba — 50-140 — 50-130
Notes:
VOA = Volatile Organic Analyses
5VOA = Semivolatile Organic Anaiyses

Advisory Limits
Not Appticable
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13.0 QUALITY ASSURANCE PLAN
13.1 Introduction

This section presents policies, project organization, objectives, and functional activities, along

with QA/QC measures intended to achieve the quality assurance goals of the facility investigation
to be performed at NAVBASE.

This document is intended to fulfill requirements for ensuring all work will be conducted in

accordance with QA/QC protocols and field procedural protocols for environmental monitoring

and measurement data as established in the following documents.

Applicable Guidance Documents:

U.S. Environmental Protection Agency. (February 1991). Standard Operating
Procedures and Quality Assurance Manual. Athens, Georgia.

U.S. Environmental Protection Agency. (September 1990). Laboratory Operations and
Quality Control Manual. Athens, Georgia.

Naval Energy and Environmental Support Activity. (June 1988) (NEESA 20.2-047B).
Sampling and Chemical Analysis Quality Assurance Requirements for the Navy
Installation Restoration Program. Port Heuneme, California.

Naval Energy and Environmental Support Activity. (February 1985).
(NEESA 20.2-031A) Groundwater Monitoring Guide. Port Heuneme, California.
Southern Division Naval Facilities Engineering Command, Revision 4. (March 1989).
SOUTHNAVFACENGCOM Guidelines for Groundwater Monitoring Well Installation.
USEPA. (1986). Office of Solid Waste and Emergency Response (OSWER), Test
Methods for Evaluating Waste — Physical and Chemical Methods, EPA SW-846.
3rd Edition.

USEPA. (1986). RCRA Groundwater Monitoring Technical Enforcement Guidance
Document (OSWER-9950.1). Washington, D.C.
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. South Carolina Department of Health and Environmental Control. (1985). South
Carolina Well Standards and Regulations, (R.61-71). Columbia, South Carolina.

Where specific NEESA guidelines do not exist, applicable USEPA and/or SCDHEC guidelines
and methods will be applied. The ESDSOPQAM and ESDLOPQCM will take precedence over
NEESA guidance where there is a conflict. These regulations are referenced in specific sections

of this document where applicable.

Before field investigations begin, a site meeting will be conducted for the Task Order Manager,
all field personnel, a representative of the site management, and any subcontractors who will be
working onsite to familiarize all parties with the site, discuss the logistics with management, and
discuss health and safety procedures. The Southern Division Naval Facilities Engineering
Command (SOUTHNAVFACENGCOM) Engineer in Charge (EIC) and representatives from
the SCDHEC and USEPA Region IV will be invited. The investigation will begin upon

authorization from the EIC.

13.2 QA/QC Objectives
In general, quality assurance objectives as part of the Navy technical services contract assess
and document the precision, accuracy, representativeness, completeness, and comparability of
all sampling and analyses performed. Quality criteria are outlined here to assure data
obtained during projects is suitable for its intended use, and to meet goals established by NEESA
and in the USEPA document, DQO for Remedial Response Activities Development Process
(March 1987), OSWER Directive 9355.0-7B. NEESA DQO Level B protocol
(USEPA Level II) will be used for the physical surveys '

1. At a minimum, soil, surface water, sediment, groundwater, and
contaminant quantification investigations will be conducted at NEESA DQO Level C
protocol (USEPA Level III). A percentage (to be negotiated with the regulatory agencies
involved) of the soil, surface water, sediment, and groundwater samples collected will be

submitted in duplicate to the laboratory for analysis with NEESA Level D protocols (USEPA
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Level IV) for confirmation purposes. The following discussion presents the project specific level
of effort for quality assurance and data quality criteria, Quality control sample collection will

follow the frequency presented in Table 13-1.

Duplicates: One per 20 water, soil, and soil-gas samples collected

Fieid Blank: One per sampling event (week) per source.
{Potable Water and Reagent Grade Water—ASTM Type I}

Trip Blank: One per sample shipping cooler containing VOA samples
Rinsate Blank: One per week per media; one per 20 soil-gas samples collected
MS/MSD: One per 20 water and soil samples collected; MS/MSD are to be the

same sample used for duplicate analysis

Equipment/Material | One sample each of filter pack sand, drilling mud, grout, bentonite
Blanks: pellets, or powder used in well construction per material source/site

Temperature Blank: | One per sample shipping cooler

Preservative Blank: | One at beginning and one at end of all major field investigations (20
samples or more. One at end of small studies.

Notes:
Trip blanks are for volatile organic analysis oniy.
Preservative blanks are for metafs and general inorganics.

13.2.1 Precision

Precision is a measure of the reproducibility of measurements and methods, and is defined for
qualitative data as a group of values’ variability compared with its average value. To assess
the precision of the measurement systems used in this project, duplicates will be obtained and
analyzed with the samples collected. Precision, to be used as a criterion for data classification,
is calculated as a relative percent difference in analytical outcome between a given sample and

corresponding duplicate.

The type of duplicates used will depend on the part of the measurement system to be evaluated
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for precision. Field-duplicated samples analyzed by the same laboratory will yield information
about sampling method precision and matrix homogeneity. Laboratory-duplicated samples give

an indication of sample preparation and analytical method precision.

A field duplicate is a sample collected in the field from the exact location as another sample and
sent to the laboratory for analysis with the original sample. A laboratory duplicate is prepared

in the laboratory and’consists of a split from a sample sent there from the field.

13.2.2 Accuracy

The accuracy of an entire measurement system, which is an indication of any bias, is difficult
to measure in environmental measurement systems. Sources of error are the sampling process,
field and laboratory contamination, preservation, handling, sample matrix, and analysis. The
accuracy of a method is an estimate of the difference between the true value and the determined
mean value. In the field, methods used for detecting false positive results include the
preparation of trip blanks, field blanks, and equipment rinsate blanks. In the laboratory,

MS/MSD samples and surrogate spike solutions are used to detect positive and negative bias.

Per NEESA definitions, a field blank consists of sample containers filled in the field with water
from each source used for decontamination. Field blanks are prepared, preserved, and stored
in the same manner as the samples. The field blank is analyzed along with the field samples for
the constituents of interest to check for contamination imparted to the samples by the water
source. Samples of the ASTM Type III water and tap water will be collected weekly. Field
blanks may also be collected to determine if any contaminants present in the area, such as dust

or VOAs from a source other than that being sampled, may impact sample integrity.

Trip blanks will be used to measure volatile constituents. A trip blank consists of a VOA
sample vial that is filled with organic-free water in the laboratory and travels unopened with the

sample bottles to the field. Trip blanks will be stored unopened with the sample bottles in a
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contaminant-free area. The trip blank is then shipped back to the laboratory with volatile
samples collected in the field. It is opened in the laboratory and analyzed along with the field
samples for the volatile constituents of interest. Trip blanks will be submitted to the laboratory
with samples for volatile analysis at a frequency of one per shipping container containing VOA
samples. If trip blanks are received from the laboratory containing air bubbles (pinhead size or
larger), the trip blanks will be discarded and the laboratory contacted.

An equipment rinsate blank is made by taking ASTM Type III water and placing it in contact
with the field sampling apparatus (e.g., bailer, pump, stainless-stee! split-barrel sampler, Xi-
Tech™ sampling sleeve) after decontaminating equipment. The water will be collected in the
same type of containers as the other samples, preserved in the same manner, and analyzed for
the same parameters of interest. One equipment rinsate blank will be collected each week per
sampling media. 'If sampling occurs in the same sample media using different equipment in the
same week (e.g., if soil samples are collected with Xi-Tech™ sampler, split-barrel sampler, and

hand auger) a separate rinsate blank will be collected for each piece of sampling apparatus.

MS/MSD samples prepared by the laboratory are useful in assessing the accuracy of the
analytical methods, and can detect matrix effects where other sample components interfere with
analyzing the chemical(s) of interest. The method of measuring analytical accuracy is percent

recovery.

Analytical MS and MSD samples will be performed by the laboratory, typically at a frequency
of one MS/MSD pair per 20 samples per matrix. Control limits for laboratory matrix spike
recovery are published by USEPA or determined by historical laboratory results. Surrogate
spikes, typically prepared from deuterated isomers of selected target compounds and added to
each sample, provide an added measure of method accuracy in organic analyses. General
precision and accuracy goals for laboratory analytical procedures (NEESA DQO Level
C/USEPA DQO Level II) are as previously provided in Tables 12-2 and 12-3. To provide the
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additional volume needed by the lab for MS and MSD analysis, double the volume for the first

sample of each 20 soil, water, and sediment samples.

An equipment/materials blank shall be collected from the materials and liquids to be used in
monitoring well construction at each investigation site. These blanks will be analyzed at DQO
Level IV.

13.2.3 Representativeness

The goal of this investigation is to delineate the extent of any soil and groundwater
contamination and to determine the most appropriate remedial option. Soil and groundwater
samples will be properly collected and monitoring well parameters will be measured in
accordance with NEESA and USEPA protocols to ensure samples collected during the

investigation are representative of the AOC.

13.2.4 Completeness
Completeness goals for this project are set at 90 percent for laboratory analyses. Data
completeness is the percentage of total valid tests conducted and the percentage of the total valid

tests required in the scope of work.

Completeness goals of field measurements reflect the ability to re-sample immediately, before
declaring well stability, and obtaining samples for laboratory analysis. The completeness goals
consider unavoidable non-attainment of QA goals during the course of an investigation. Efforts
will be made, however, to maintain soil and groundwater data completeness levels above 90

percent for field measurements, if possible.

13,2.5 Comparability
Comparability is assured by using established methods of field sampling by experienced field
personnel and laboratory analyses as specified by the ESDSOPQAM and NEESA regulations.
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13.3 Organization and Responsibilities

Overall responsibility for projects conducted in accordance with NEESA regulations will be
vested in NEESA (or its approved representatives).  Therefore, project coordination
responsibilities lie with the SOUTHNAVFACENGCOM EIC. The components of the project
chain-of-command will be performed as established in NEESA 20.2-047B. Project oversight

will be organized along the following lines of authority.

Naval Energy and Environmental Support Activity: NEESA is responsible for ensuring the
quality of laboratory analyses performed during the various phases of the Comprehensive
Long-Term Environmental Action Navy (CLEAN) is acceptable. NEESA is also responsible
for managing the NEESA contract representative (NCR).

Engineer in Charge: The EIC at the engineering field division provides the site information
and history, provides logistical assistance, specifies the sites requiring investigation, and reviews

results and recommendations.

The EIC is responsible for coordinating procurement, finance, and reports; for ensuring all
documents are reviewed by the NCR; for communicating comments from the NCR and other
technical review to the subcontractors; and for ensuring the subcontractors address all the

comments submitted and take appropriate corrective actions.

NEESA Contract Representative: The NCR is responsible for ensuring each project has
appropriate overall QA. The NCR reviews laboratory QA plans and work plans, submits
performance sample data, provides field and laboratory audits, and reviews data from the site.
The questions from subcontractors and the EIC regarding specific field and laboratory QC

practices are directed to the NCR, who also evaluates referee samples.
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State or Local Oversight: This CSAP will be submitted to the SCDHEC and the USEPA
Region IV for review and approval. Field activities and meetings will be coordinated with these

agencies as required.

Investigation Performance: The following individuals or firms will be responsible for the

implementing of all work activities.

Engineering Contractor: E/A&H will serve as the engineering contractor for this project. As
the engineering contractor, E/A&H is responsible for designing and implementing the Remedial

Investigation/Feasibility Study (RI/FS) and preliminary site characterization activities.

Analytical Laboratory: The laboratory to be used will be NEESA-approved. SW-846 analytical
methods using USEPA Level III protocols and USEPA Level IV protocol will be used by the

selected laboratory. }

: The laboratory must adhere to the laboratory requirements in NEESA 20.2-047B and
follow the quality assurance/quality control guidance found in the ESDLOPQCM. Where
discrepancies between the NEESA and USEPA QA guidelines occur, the USEPA document will
take precedence. The laboratory must prepare and submit a laboratory QA plan, analyze and
submit the results of proficiency testing, submit to an onsite inspection, and correct any

deficiencies cited during the inspection by the NCR.

The laboratory is required to identify a Laboratory QA Coordinator (LQAC) responsible for
overall quality assurance. The LQAC must not be responsible for schedule, costs, or personnel
other than QA assistants. It is preferred the LQAC report to the laboratory director. The
LQAC must have the authority to stop work on projects if QC problems arise affecting the
quality of the data produced.

In addition to conforming to all NEESA regulations, all work shall be performed in a2 manner

consistent with the regulations listed below.
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Applicable Regulations:
. The National Oil and Hazardous Substances Contingency Plan (NCP), Title 40 CFR,
Part 300, as amended.

o Other appropriate federal, state, and local guidelines, rules, regulations, and criteria.
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14.0 DATA MANAGEMENT PLAN
This section describes the methods to be used throughout the investigation to document field

work and manage collected data.

14.1 Field Documentation

The field project manager will be thoroughly familiar with appropriate documentation
procedures. He or she will perform or directly oversee completion of the documents
accompanying this investigation. Documentation tasks will be performed on a sample-by-sample
or item-by-item basis throughout the day. Sample container labels and chain-of-custody forms

will be prepared as completely as possible in advance.

General Field Documentation Procedures

. Complete all documentation in waterproof black ink.

. Mark through corrections with a single line, then date and initial the correction.

. Do not destroy or discard serialized documents, even if they are illegible or inaccurate.
. Maintain voided entries within project files.

Field documentation consists of a master site logbook, one or more site-specific field logbooks,
field forms, photographs, sample labels, and chain-of-custody records. This allows detailed data

to be recorded in various field logbooks and/or forms and cross-referenced in the site logbook.

Logbooks: Master site and field logbooks provide a daily handwritten record of all field
activities at an investigation site. All logbooks must be permanently b'ound and have a hard
cover. Field logbooks must be waterproof. The master site logbook is a master record of all
site activities, and entries are usually made at the end of each work day. Field logbooks are
detailed daily records kept in real time. A field logbook will be assigned to each site at
NAVBASE. Additionally, a sample logbook will be prepared detailing the samples collected

each day, but in less detail than the chain-of-custody.
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Master Site Logbooks: The master site logbook chronicles all field investigation activities, but
without the same level of detail as the field logbook. It delineates conditions and activities
occurring on a given day and references the appropriate field logbooks and forms for specific

information.

The field project manager completes the master site logbook and signs and dates the end of each
page. Pages should not be removed and all partially used pages should be lined through to
prevent data entry at a later date. The front of the master site logbook should include the project

name and number, name of subcontractor, service client, contract number, and dates of use.

Master Site Logbook Contents:

. List of all field logbooks and brief outline of their required contents.

. Daily temperature, weather conditions, and names and titles of personnel present.

. Levels of personnel protection, and changes if required.

] Name, title, organization, and purpose of any site visitors.

i Brief outline of site activities and references to the appropriate logbook.

. Specific comments on any problems encountered, their resolution, and any impact on the

field investigation.

o Any changes and supporting rationale for the change.
o Brief record of all telephone calls and how they affected the investigation.
. Instrument caltbration, specifically name(s) of personnel who performed daily calibration.

Field Logbooks: All information required on the cover of the site logbook also must be
provided on the cover of each field logbook. In addition, it must list the specific area to which
it is assigned. Entries in the field logbook must be made using a 24-hour clock and signed by
the responsible person at the bottom of each page. Unused pages or portions of pages not used
must be lined out to prevent later entry of additional information. Copies of field logbooks will

be made regularly to act as a backup.
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Field Logbook Contents:
. Date and time task started and ended; weather conditions, and the names, titles, and

organizations of personnel performing the tasks.

. Description of level of PPE and any changes.

. Description of site activities in specific detail or forms used.

. Description of field tests performed and test results.

. Detailed description of samples collected, and any quality control samples collected.

. List of the time, equipment type, and procedures followed for decontamination.

o Record of instrument calibration and any failures with a brief description of repairs

and/or replacements.

Sample Logbook. A sample logbook will compile a record of samples collected and shipped
(including QA/QC samples), analyses requested, the airbill number of the shipment, and any

pertinent information concerning sample status.

Field Data Record Forms: Forms to be used during this investigation include subsurface
boring logs, monitoring well construction diagrams, monitoring well development forms, sample
records, and additional data as appropriate. Do not leave blank spaces on completed forms.
If information on a form does not apply, mark the space "N/A." Complete all forms in the field
as the task is performed. Copy forms regularly for backup. Field forms to be used during this

investigation are discussed below.

Sample Labels: Attach completed sample labels to each sample container immediately after
sample collection. Refer to Section 11.4 of this plan for labeling instructions. Sample label
information (at least sample identification number and time of collection) will be recorded in the

field logbook as a cross-reference at the time of collection.
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Chain-of-Custody Records: The chain-of-custody record will summarize the contents of the
shipment, dates, times, sample numbers, number and volume of sample containers; its purpose
is to document the transfer of sample custody. See Section 11.6 of this CSAP for chain-of-

custody transfer instructions.

Subsurface Boring Logs: Soil boring logs will be maintained by a qualified E/A&H geologist.
Lithology will be described from split-barrel samples and auger cuttings using the USCS.
Subsurface boring logs will be completed as the boring is advanced. Items to be recorded
include materials encountered, depth to water, obvious contamination, and any other necessary

information.

Monitoring Well Construction Diagrams: A monitoring well construction diagram will
summarize the monitoring well construction. Data to be completed includes location, date
drilled, drilling method, well depth, screen location, and general construction data. A general
log will also be recorded in the field logbook as a cross-reference. Monitoring well schematics
are found in Section 5 of this CSAP.

Photographs: Photographs will be taken of all pertinent field activities as directed by the Field

Project Manager. The information listed below will be recorded in the field logbook:

. Date, time, location, and name of photographer.
. Description of photograph and orientation.
. Number of photographs on film roll.

After the film is developed, this information will be written to the back of each photograph.

14.2 Data Deliverables
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. USEPA DQO
Level IV data shall be submitted in a Contract Laboratory Program (CLP)-like deliverable
package. Information and format of the CLP data packages may be obtained from the following

documents:

. USEPA Contract Laboratory Program Statement of Work for Organics Analysis
(Document #0LMOI.8)

. USEPA Contract Laboratory Program Statement of Work for Inorganics Analysis
(Document #1LMO02.1).

Disk Deliverables
Each sample delivery group submitted to E/A&H must be accompanied with a diskette

containing the following analytical data.

For CLP and non-CLP methods: The analytical data should be submitted on a high-density
5.25-inch or 3.5-inch diskette with the hard copy of the file.

For CLP methods: The USEPA Format A or Agency Standard format is required. This format
applies to both organic and inorganic analyses. The format should be modified for handling the
10-digit E/A&H sample identification, plus any lab extensions (i.e., MS, MSD, etc.), OR an
identification conversion table must be supplied identifying E/A&H sample identification with

converted identification numbers. This file should be provided in ASCII format.

For non-CLP methods: An ASCII fixed-length field format is required; however, other formats

may be acceptable, which will be determined on a case-by-case basis.
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Each data record should contain the data for one analytical compound and one sample

identification, and the following fields:

ASCIl FIXED-LENGTH FORMAT

Field Exémple “‘Columns
Case # 26345 1-5
Sample Delivery Group (SDG) CTbh15 6-10
E/A&H Sample Identification 123X7890IM 11-20
Lab Extension (MS, MSD, DL, ..} MSD 21-24
Lab Code — 6 digits, representing laboratory ANALAB 25 -30
Laboratory Name ' ANALYTICAL LABS 31-60
Laboratory’s Internal Sample ldentification # 238396 61-72
Matrix {Scil / Water) Water 73-77
Sample Date 04/01/94 78 - 85
Date Sample Was Received by Lab 04/02/94 86 - 93
Date Sample Was Extracted / Prepared 04/04/94 94 - 101
Date Sample Was Analyzed 04/09/94 102 - 109
Chemical Abstracts Services (CAS) # 79016 110- 119
Compound / Analyte Name Trichloroethene 120 - 159
Result / Detection Limit 10.0754 160 - 173
Units UG/KG 174 -178
Qualifier U 179 - 186
Method 8240 187 - 196
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14.3 Analytical Data Validation

The laboratory’s data review will be consistent with the level of effort specified in NEESA
20.2-047B and specific to the laboratory QC level applied. All analytical data will be validated
independently of the laboratories analytical data review. Analytical data will be validated by
applying the procedures in National Functional Guidelines for Organic Data Review, June 1991,
and National Functional Guidelines for Inorganic Data Review, July 1988, as applicable. Where
these guidelines do not apply, data will be validated by applying USEPA precision and accuracy
statements for the analytical methods employed. Independent data validation will be conducted

on 10 percent of the samples by an independent subcontractor.

14.4 Other Related Data
Other related data will include illustrations, graphs, meefing summaries, audit reports, and

laboratory results. This information will be compiled and reviewed for report presentation.

Meeting Summaries, Telephone Conversations, and Notes: These items will be recorded in
the field logbooks along with the dates, time, and names of people involved. This information
will be available for photocopying if requested. Meetings and conversations with a substantial

impact on the project will be described in a memorandum to the project manager.

INustrations, Computations, and Engineering Data: Original illustrations and graphics will
be initialed and dated by the person originating the document. A second person will check for
completeness and accuracy. All maps, calculations, and data will be reported or prepared to

accepted standards and confidence levels.

Field Change Request Forms: Field change request forms (see Figure 14-1) will be submitted

when any deviation from the work plan or SAP is required that will harm the quality of the data
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generated, will significantly change the cost of the field effoft, will be a major change in the
scope of the field effort, or will significantly delay the schedule. Examples of this type of

change follow:

. Significantly changing the number of wells,

. Significantly changing the number of sampling points,

. Changing decontamination procedures,

. Changing drilling method or well construction design, and

. Changing sampling methodology.

Information should include the nature of the change, reason for it, and date it will be

implemented. These forms will be submitted to the EIC representing the Navy.

14.5 Reports

Progress Reports: Monthly ﬁrdgre’ss reports prepared by the project manager will include the
number of samples collected, sites investigated, monitoring wells installed, any deviations from
approved field or laboratory procedures, and other appropriate information. These reports will

be directed to the EIC.

Zone Reports: The zone RFI report will be written after sampling and validation of ail
laboratory analyses. The report will consolidate and summarize collected data and document
the unit evaluation. An initial draft report will be submitted for comment by the Navy and the

USEPA. Where appropriate, comments will be incorporated into the final document.

Final Report: The final RFI report will be written after all the zone reports have been
submitted to USEPA for review and comment. The final report will be a comprehensive
document that addresses NAVBASE as a whole. The report will consolidate and summarize the

results and conclusions presented in each the zone reports.
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Interim reports or technical memorandums will be completed as necessary to describe significant
divergence of site conditions from those anticipated, secure concurrence on the need for

emergency or interim corrective measures, or to gain regulatory input on unanticipated issues.

Tables, Graphs, and Hlustrations: Data obtained from sampling and analysis procedures will
be summarized and presented in tables. These tables will be supported by raw laboratory reports
submitted to the EIC under separate cover. Several formats will be used to present sampling
results graphically. Isoconcentration maps will be developed for soil and groundwater
parameters, if possible. In addition, maps showing sample locations and results also will be
completed. Groundwater surface contours, along with flow direction and gradient also will be
displayed on the site base maps. Cross-sectional plots may be used if they would enhance
understanding of the site. Forms completed during the investigation will be included in

appendices of the report.

Accumulated data and analytical results will be interpreted as a project team effort. The
expertise of each project team member will be used to develop proper conclusions and
recommendations. The final decision about interpretation of data for the report will lie with the
Task Order Manager, the Project Technical Director, and the South Carolina-registered

Professional Geologist.
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15.0 DECONTAMINATION

Decontamination procedures will be performed in accordance with Appendix B, Section B-8 of
the ESDSOPQAM manual (included in volume V of the RFI Work Plan) for sampling equipment
and in accordance with Appendix E, Section E-9 of the ESDSOPQAM‘ manual for drilling
equipment, with the following exceptions. The detergent for use on this project will be
Liquinox™ because it contains powerful chelating agents to bind and remove trace metals from
sampling equipment. When available, hot water will be used for field decontamination. A
stainless-steel bowl, sink, or bucket will be used to contain the clean water wash solution. PVC
well construction materials will not be solvent-rinsed or washed with hot water. Field reagent
grade water will meet the specifications of ASTM Type III water (D 1193-77 re-approved 1983,
federal test method 7916), providing deionized, filtered, and organic-free water for field use.
The steam cleaner and/or high-pressure hot water washer will be capable of generating adequate
pressure and producing hot water and/or steam. All wastes generated during decontamination
will be containerized in designated drums for disposal by the Navy in accordance with

Section 16 of this CSAP.

15.1 Decontamination Area Setup

Decontamination generally will occur at a designated area downgradient and downwind of the
clean equipment storage area. The decontamination area is a concrete pad designed to promote
surface runoff into a catch basin. Liquids contained within the catch basin will be pumped
regularly into designated drums. All equipment will be cleaned on saw horses or auger racks
above the concrete surface. If field cleaning is necessary, place plastic sheeting on the ground

designated as the decontamination area to contain any spills.
15.2 Cross-Contamination Prevention

Follow procedures below to reduce cross-contamination risk during decontamination.

1. Don a new pair of disposable outer gloves before handling sampling equipment.
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2. Use only Teflon”, glass, or stainless-steel spray bottleS/pressurized containers to apply
decontamination rinsates. Keep each solution in a separate container.
3. Transport all necessary decontaminated field equipment to each designated location to

minimize the need for field cleaning,

15.3 Non-sampling Equipment
Non-sampling equipment includes drill rigs and backhoes. Any paint or coatings (e.g., rust)
potentially touching a sample will be removed from the equipment by sandblasting before it is

brought to the site.

1. Decontaminate with high-pressure steam.
2. Scrub with a laboratory-grade detergent and clean water wash solution.
3. Rinse with clean water as necessary.

15.4 Sampling Equipment

Sampling equipment includes any downhole equipment (e.g., augers, drill pipe, split-barrel
samplers, Teflon -coated stainless-steel leaders, stainless-steel liners, bailers, etc.) and any
sampling utensils (e.g., stainless-steel spoons, stainless-steel spatulas, stainless-steel bowls,
pumps, etc.) not dedicated to the sample location. Hollow downhole equipment or equipment

with holes potentially transmitting water or drilling fluids will be cleaned on the inside and

outside.
1. Don protective gloves before decontaminating the equipment.
2. Wash and scrub with a laboratory-grade detergent and clean water wash solution

or decontaminate with high-pressure steam.

Rinse with clean water.

Rinse with organic free water.

Rinse twice with pesticide-grade isopropyl alcohol.

Rinse with ASTM Type III water.
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Air dry. If weather prohibits air drying, repeat the isopropyl alcohol rinse and final
ASTM Type III water rinse twice.
Wrap in aluminum foil or plastic sheeting for storage if the sampling equipment is to be

stored or transported.

Augers and drill rods will be covered in clean plastic after decontamination.

Pump Decontamination

Pump decontamination differs from decontaminating most sampling equipment. The pump

exterior and interior both require decontamination. The procedures for decontaminating the

interior and exterior of the pump are outlined below:

1.
2,

Don protective gloves before decontaminating the equipment.

Immerse pump head in a detergent solution with the effluent hose prepared to discharge
into a liquid IDW drum. A stainless-steel bucket or closed 4-inch pipe can be used to
contain the pump head and pump solutions. All pump effluent will be containerized
IDW.

Using a brush, scrub the exterior of the pump and hose with the detergent solution.
Rinse the exterior of the hose with a clean water rinse solution followed by an ASTM
Type III water rinse. Recoil the hose onto the spool.

Pump organic free water through the hose to purge the clean water rinse solution. Purge
additional organic free water through the hose with the pump in reverse.

Rinse the outside of the pump housing and hose with deionized water.

Wrap the pump in plastic sheeting for transport to the field or for storage to prevent

cross-contamination.

15.5 Personal Decontamination

Personal decontamination procedures are outlined in the comprehensive CHASP.
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16.0 INVESTIGATION-DERIVED WASTE

16.1 Introduction

The following discussion outlines the manner in which IDW will be managed to comply with
all applicable requirements. IDW generated during the RFI will likely include soil produced
while installing hand-auger borings, soil borings and monitoring wells; groundwater derived
from completing and purging the monitoring wells; disposable PPE and sampling utensils; and
decontamination fluids from cleaning of PPE, sampling equipment, and drilling equipment. As
the IDW generator, the Navy will be responsible for the ultimate treatment, storage, or disposal
of all IDW. E/A&H will provide technical assistance to the Navy while managing all IDW.

Federal environmental laws and regulations that are determine disposition of IDW at this site
include RCRA (Land Disposal Restrictions [LDR]) and Corrective Action Program, the Toxic
Substances Control Act (TSCA), and the Clean Water Act (CWA). State and local
environmental laws and regulations also apply. The state regulations have a great impact on
how IDW is managed, since South Carolina has promulgated more stringent requirements than

the federal requirements for many programs, including the solid and hazardous waste program.

16.1.1 Resource Conservation and Recovery Act

RCRA was passed by Congress in 1976 to meet three goals: (1) to protect human health and
the environment, (2) to reduce waste and conserve energy and natural resources, and (3) to
reduce or eliminate the generation of hazardous waste as expeditiously as possible. The
Hazardous and Solid Waste Amendments (HSWA) of 1984 significantly expanded RCRA by

adding new corrective action requirements, LDR, and Minimum Technical Requirements

(MTR).

RCRA is the most important federal statute for managing IDW, because it specifically regulates
disposal of solid waste and all aspects of transportation, treatment, storage, and disposal of

hazardous wastes. RCRA has 10 subtitles addressing specific waste management activities. Two
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of these subtitles and their impleménting regulations are specifically applicable for IDW
handling:  Subtitle C (Hazardous Waste Management) and Subtitle D (Solid Waste
Management). The regulations are codifted in 40 CFR Parts 260 through 272.

RCRA was developed first and foremost as a prevention-oriented program, with its primary
objective to prevent new releases resvlting in contaminated sites. Following this objective, a
stringent set of standards were developed to ensure human health and the environment were
protected from such ongoing waste management. The Subtitle C regulations are specified as
uniform, national standards that must be complied with at all RCRA-regulated facilities. These
standards generally are considered very stringent because they must ensure an adequate level of
protection nationally. The standards must prevent or minimize environmental releases over a
wide range of hazardous waste types, environmental conditions, operational contingencies, and
other factors. The HSWA amendments strengthened the RCRA prevention program by adding
the LDR and MTR, which have become central features of the RCRA prevention program.
These features added incentives to generators to minimize the amounts of waste being created
by providing technology-based standards for treating hazardous waste, in the case of LDR, and
designing land-based disposal units, in the case of MTRs.

Under RCRA Subtitle C, wastes are defined as hazardous based on their source or method of
generation ("listed" wastes) or their chemical constituents or characteristics ("characteristic”
wastes). The hazardous waste identification rules are codified in 40 CFR Part 261. For
example, 1,1,1-trichloroethane is a listed waste when it is a spent solvent. Based on the
"contained-in interpretation,” soil, groundwater, and other investigation wastes containing this
listed waste also would be considered hazardous (USEPA 1986). Characteristic hazardous
wastes include those with one or more characteristics of ignitability, corrosivity, reactivity, and
toxicity. Determining whether a waste is hazardous may be based on knowledge of the IDW
and associated suspected or known contamination, rather than by direct testing (USEPA 1991).

The IDW generator may choose to characterize the waste as hazardous or non-hazardous based
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on corporate knowledge of the history of the site and environmental data for the surrounding
area, provided that knowledge or data are specific enough to enable waste characterization,

without actually collecting a sample of the waste and testing it for hazardous waste parameters.

Land Disposal Restrictions: With respect to IDW management, the LDR program is one of the
most significant provisions of RCRA. The LDR program, defined in RCRA Section 3004 and
codifted in 40 CFR Part 268, establishes technology-based standards that must be met before
placing hazardous waste into land disposal units, which include landfills, surface impoundments,
waste piles, and other land-based units. Hazardous waste generators must notify the receiving
hazardous waste facilities that a waste is restricted from land disposal. Certification is required

for all restricted wastes meeting LDR treatment standards when the waste is land-disposed.

For the purpose of managing IDW, land disposal occurs when any of the following activities
take place:
U Wastes from different SWMUSs or AOCs are consolidated and disposed of in one AOC.

. Wastes are moved outside of a SWMU/AQOC for storage or treatment and are returned
to the same or a different SWMU/AOC.
. Wastes are excavated from a SWMU/AQC, removed to a separate unit such as a tank,

surface impoundment, or incinerator that is within the SWMU/AQOC, and then are
redeposited into the SWMU/AOC (USEPA 1991).

Waste that does not contain hazardous constituents as listed in 40 CFR Part 261 Appendix VIII
or Part 264, Appendix IX and is not mixed with other contaminated IDW does not trigger LDR
and may be replaced at the site from which it originated, provided the surface conditions permit

(i.e., unimproved surfaces).

LDR limits the constituent concentrations of wastes that may be disposed in land units (such as

landfills and surface impoundments). An important consideration in evaluating the applicability
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of LDR is whether land disposal of hazardous IDW will occur as a result of the proposed storage
or disposal method. Based on the delineation of a SWMU/AOC, LDR do not apply when
uncontained hazardous IDW (soil or sediment) is handled as follows:

o Capped in place

. Treated in-situ

. Processed within the SWMU/AQOC to improve structural stability

. Left in place, moved, or stored within a single SWMU/AOC unit

LDR prohibits storing

hazardous waste beyond specified time limits, unless the
purpose of storage is to accumulate sufficient quantities of waste to promote proper disposal,

treatment, or recovery.

Corrective Action Program: In addition to the prevention-oriented provisions of RCRA, the
HSWA corrective action program created a very different mandate for the RCRA program:
cleaning up releases from SWMU at more than 4,000 RCRA TSDFs. While implementing these
requirements and through its experience with the Superfund program, USEPA found that
Subtitle C requirements, when applied to remediation wastes, could act as a disincentive to more
protective remedies. These requirements also provided very limited flexibility in choosing the
most practical remedy at a specific site. In response to this disincentive, USEPA developed two
new types of waste management units, the Corrective Action Management Unit (CAMU) and
the Temporary Unit (TU), as a mechanism for providing more regulatory flexibility at

remediation sites while maintaining a standard of environmental protection.

CAMUs are land-based units that can be used to manage wastes during a site remediation.
CAMUs provide two primary advantages:
. Placing remediation wastes into or within a CAMU does not constitute land disposal of

hazardous wastes, so LDR standards are not triggered.
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. Consolidating or placing remediation wastes into or within a CAMU does not constitute

creating a unit subject to MTR.

TUs are for short-term operation of tanks and container storage units used for treating or storing
remediation wastes. These units may only be used for remediation wastes, and they must be
located at the facility where the remediation is occurring. TUs do not include incinerators, non-
tank thermal treatment devices, or units regulated under 40 CFR Part 264 Subpart X
(miscellaneous units). The corrective action regulations for temporary units provide that an
alternative design, operating, or closure standard may be applied rather than the standards that
normally apply to permitted facilities. Wastes can be stored in a TU for up to one year, with

extensions available case-by-case.

16.1.2 Toxic Substances Control Act
Congress passed the TSCA in 1976 to establish requirements and authorities for identifying and
controlling toxic chemical hazards to human health and the environment. While the majority
of regulations promulgated under TSCA address chemical manufacturing, the law also covers
the management and disposal of wastes containing PCBs in 40 CFR Part 761 and asbestos in
40 CFR Part 763. These regulations potentially affect IDW management in at least two ways:
o Non-hazardous IDW under RCRA that contains PCBs at concentrations greater than
specified limits must be managed at facilities permitted under TSCA. Incineration is the
most common option for wastes containing 50 parts per million (ppm) PCBs or greater.
o Non-hazardous IDW with PCB concentrations less than 50 ppm are generally not

regulated under TSCA, although some states regulate these wastes as hazardous.

At this site, waste that contains any concentration of PCBs or asbestos will be regulated and

disposed of as :
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16.1.3 Clean Water Act

The CWA, developed in 1977, provides site-specific pollutant discharge limitations and
performance standards for specific industries to protect surface water quality. During an
investigation, the most likely situation where the CWA will be applied involves the indirect
discharge of IDW water to a publicly owned treatment works (POTW) or a wastewater treatment
plant for treatment. A less likely situation may involve direct discharge, either onsite or offsite,
to surface water. The CWA also regulates criteria for selecting POTW and sets ambient water
quality criteria (AWQC) to protect human health and aquatic life. Regulations under the CWA
are codified in 40 CFR Parts 121 through 136.

16.2 Generation of IDW

Activities that may generate IDW during operations at IRP sites include site investigations,
removal actions, and underground storage tank (UST) investigations. IDW may include drilling
muds, soil cuttings, purged groundwater, decontamination fluids, disposable equipment (DE),
and PPE.

16.3 Sources of IDW
Field activities performed during investigations that may generate IDW typically include some
or all of the following:
ACTIVITY WASTE
. Monitoring well installation . Soil cuttings, decontamination fluids,

drilling mud, PPE, DE

. Monitoring well development . Development water, silt,
decontamination fluid, PPE, DE

. Groundwater sampling . Purge water, decontamination fluid,
PPE, DE
. Soil boring . Soil cuttings, drilling mud,

decontamination fluid, PPE, DE
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. Soil excavation/trenching ] Soil cuttings, decontamination fluid,
PPE, DE

. Soil sampling . Soil cuttings, decontamination fluid,
PPE, DE

. Sediment sampling . Sediment, decontamination fluid,
PPE, DE

] Surface water sampling . Decontamination fluid, PPE, DE

. Aquifer testing . Development water, decontamination

fluid, PPE, DE

. Radiation monitoring . PPE, DE

The wastes described above will be sampled and analyzed for disposal and storage. Section 16.5
describes how this determination will be made and how IDW will be characterized. Once the
IDW is characterized, a determination may be made as to the waste’s proper management. In
addition to the waste types listed above, general refuse may be generated during field activities,
including packaging materials, broken or cut-off well screening and casings. This refuse will
be managed as non-hazardous material and disposed of accordingly unless evidence exists that

would indicate the possibility of contamination, in which case it will be managed as IDW.

16.4 IDW Volume Estimates

Various field activities conducted during the course of investigation activities may create IDW.

Estimated typical volumes of IDW generated from field activities are shown below:

e Screening: Screening studies typically include soil-gas, soil-probe, geophysical surveys,
and water-level measurements. These activities may generate several 55-gallon drums

of decontamination fluid, PPE, DE, and groundwater during the course of the initial

studies.
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Drilling: Drilling of an 8-inch-outside-diameter (OD) soil boring will generate a
minimum of 0.35 cubic feet (ft}), or 2.6 gallons of soil cuttings per linear foot of
borehole. A 25-foot soil boring therefore would generate approximately 9.0 ft®, or 65
gallons, of soil cuttings (approximately 1.25 55-gallon drums). Table 16-1 shows the
relationship between the diameter of the borehole and the potential volume of soil
cuttings generated. Larger-diameter soil borings will generate proportionately larger
quantities of soil. Additional soil quantities should be expected due to soil expansion
following removal from the borehole (known as the "fluff" factor) and slough created
during drilling, especially if poorly consolidated materials are encountered. It is
estimated that the fluff factor increases soil-cutting volumes 30 percent. Soil cuttings

generated during drilling will typically be placed into 55-gallon containers.

Well Development or Purging and Groundwater Sampling: The volume of
groundwater generated through monitoring well development and groundwater sampling
depends on a number of variables, including the turbidity of the groundwater, well
diameter, length of screened interval, diameter of the saturated filter pack, and porosity

of the material used as filter packing.

Complete well development requires removing at least three times the amount of water
used during drilling and constructing the well, plus three times the volume of the
standing groundwater in the well. Table 16-2 shows the estimated water volumes for
various well screen diameters and borehole radius, and assumes a 30 percent porosity

within the filter pack.
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8.0 2.6 0.35 3.4 0.46
10.0 4.0 0.54 5.2 0.70
12.0 5.8 0.78 7.5 1.01

Notes:

Miscellaneous Data:

1 Cu. Ft. = 7.5 gallons {approximately)

1 Gallon = 0.134 Cu. Ft. (approximately)

For example, a 4-inch well with a 10-inch borehole would contain approximately 1.2
gallons of fluid per foot of saturated zone. If no additional construction water was used
and only three volumes of water were pumped to develop 15 feet of saturated material,

the well would produce approximately 54 gallons of fluid.

For hollow-stem drilling, additional water typically is used for flowing sand conditions

and when soil conditions bind the augers. For normal well construction, minimal
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additional water would be used. Additional water would be generated during later

purging and sampling and would be specific to the conditions for the well.

The water generated during these activities will typically be placed in 55-gallon

containers or in portable storage tanks.

. Aquifer testing: Agquifer tests that may be conducted at the NAVBASE may generate
large quantities of groundwater, depending on the hydraulic properties of individual
screened formations. A well installed in a formation with high transmissivity will sustain
a higher pumping rate and generate greater quantities of water. A typical test may run
for 24 to 48 hours and generate up to several gallons per minute (gpm). With large
volumes such as these, it will be necessary to use 20,000-gallon portable tanks to store
water generated from these tests. This water will typically undergo onsite pretreatment
for disposal to a POTW. Slug tests typically will generate a small to moderate volume
of decontamination fluid. In some instances, it may be possible to combine fluids from

several different aquifer tests into one storage container.

. Trenching and Subsurface Exploration: For trenching or other large-volume
excavations, it will be necessary to store the wastes in large covered roll-off bins or on
an appropriate liner material and provide a cover. If possible, and when appropriate and
approved by the regulatory agencies, the best option may be to return the materials to
the excavation. Due to the large volumes of materials associated with this type of

exploration, it is best to consider other suitable investigative techniques.

o PPE, DE, and Decontamination Fluid: The volume of IDW generated as PPE, DE,
and decontamination fluids during each field activity depends on a number of site-specific
factors and will therefore vary in quantity. Site-specific factors include the USEPA
health and safety work level (Level D, Level C, or Level B), number and type of field
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activities per site, and total number of sites being im?eétigated. PPE waste volumes will
typically account for one-half of a 55-gallon container per day for a crew of four.

Decontamination fluid will vary from a few gallons per day for decontaminating
monitoring instruments to several hundred gallons per day for large equipment such as

drilling rigs.

16.5 IDW Characterization

The process of identifying and characterizing IDW will be started when planning field activities.
Characterizing IDW is a multi-step process that involves determining the origin of the waste and
then considering the chemical contaminants and their concentration in the waste. Typically,
sampling data obtained from site characterization or investigation activities will provide an initial
determination of whether a waste is hazardous or non-hazardous. IDW will be sampled and
analyzed to provide additional information and to determine specific hazardous waste
characteristics. Environmental samples relevant to IDW are soil samples (for soil cuttings and

excavated soil) and groundwater samples (for purge water and development water).

The RCRA program recognizes two general classes of solid waste at the federal level:
hazardous and non-hazardous. Hazardous wastes are defined by either being a listed waste, by
origin, or by contaminant concentrations in the waste. A characteristic waste exhibits properties
of ignitability, corrosivity, reactivity, or toxicity. A hazardous waste may be characterized as

both a listed and a characteristic waste.

16.5.1 Listed Hazardous Waste

E/A&H project manager is responsible for identifying any potential listed hazardous wastes that
may be present at the site to the NAVBASE Occupational Safety, Health and Environmental
Office (Code 106). The project manager establishes the site’s history and use, and determines
whether activities there generate, or have generated, listed hazardous wastes. Examples of

activities that may generate listed wastes include using solvents, rinsing and managing pesticide
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containers, electroplating, dry cleaning, landfills, chemical dis’pbsal areas, surface impoundments
and equipment storage areas. Every available source of site information, manifests, storage
records, aﬁd vouchers will be researched to ascertain the source of these contaminants. The
environmental analytical data should be reviewed to determine if the IDW contains any
hazardous constituent found in the RCRA listed waste. USEPA’s "contained-in" policy states
that media such as soil and groundwater that contain a listed hazardous waste must be managed
as a listed hazardous waste until they no longer contain that waste. No established policy exists
on how to determine when the media no longer contain the listed hazardous waste. Usually this
is determined on a case-by-case basis. Two aspects should be considered for managing IDW:
whether the waste may also be hazardous for characteristics (as described in Section 16.5.2) and
whether the cost of additional analytical work will offset the cost of managing the waste as a

listed hazardous waste.

16.5.2 Characteristic Hazardous Waste

Characteristic hazardous wastes are based on general criteria. In order for a waste to be
considered a characteristic hazardous waste, it must exhibit one or more of the following
properties, as defined in 40 CFR Part 261.21 through Part 262.24:

. Ignitability

M Corrosivity

e Reactivity

. Toxicity
— Heavy Metals
— VOASs
— SVOAs

— Pesticides and herbicides

IDW does not usually exhibit the characteristics of ignitability, corrosivity, or reactivity due to
the nature and matrix of the waste. Typically, IDW wastes consist of low concentrations of

contaminants in soil and water. The quantities of these contaminants are typically not sufficient
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to cause the soil or water to exhibit any of the characteristics of ignitability, corrosivity, or

reactivity.

The characteristic for toxicity is based on the leaching characteristics of the waste. The TCLP
simulates the effect of hazardous constituents leaching from a waste, and regulatory limits to
protect human health and the environment are set by USEPA based on the TCLP test.
Environmental data are reviewed to initially screen the IDW to help eliminate some or all of the
toxicity characteristics. USEPA provides that if a total analysis demonstrates that individual
constituents are not present in the waste, or that they are present but at such low concentrations

that the appropriate regulatory levels could not possibly be exceeded, the TCLP need not be run
(40 CFR Part 261 Appendix II).

16.5.3 Sampling and Analysis

IDW would be sampled and analyzed when corresponding environmental sample data are not
available or when additional information is needed about the waste. All samples collected for
waste analysis should be representative of the waste being sampled. Guidelines for collecting

representative samples are contained in Chapter 9 of SW-846, Test Methods for Evaluating Solid
Waste (USEPA 1986a).

16.5.4 Waste Profile

IDW is characterized through knowledge of the waste, review of environmental data that
correlate to the waste, or sampling and analyzing the waste itself. This characterization leads
to a waste profile summarizing all the information available on the IDW. The waste profile is
required for shipping any IDW to offsite facilities. It will be completed by NAVBASE
Occupational Safety, Health, and Environmental Office (Code 106) for all wastes generated in
investigation activities as an accurate record of the waste identification, source, and
characteristics. The waste profile is used to describe wastes that are generated consistently and

that have similar or identical characteristics. The waste analysis and profile procedures will be
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in accordance with NAVBASE Environmental Protection Manual, Volume 11-10, Standard
Operating Procedure No. 8, which is available for review in the Code 106 office.

16.5.5 Management of Disposable PPE and Equipment

Disposable PPE and DE will be managed according to the type of activity and level of
contamination encountered with the equipment. Non-hazardous IDW will be appropriately
labeled and placed in plastic bags to be transferred to an onsite industrial dumpster, whose

contents are disposed of in an municipal landfill.

PPE and DE will be placed in 55-gallon drums, accurately labeled as discussed in Section 16.7
and stored at a container storage area. They will be stored until adequate characterization is
complete for the site or containerized PPE and DE. The environmental sampling results from
the sites where the IDW was generated will be reviewed upon receipt. PPE and DE
contaminated with hazardous waste will be managed as hazardous waste, and will be

characterized in a manner consistent with the media being sampled.

16.5.6 Management of Empty Drums

Empty drums may be generated in rare cases, such as when IDW is consolidated onsite to
minimize the number of containers shipped to offsite waste management facilities. Empty drums
also may be generated when IDW is removed from containers for treatment or disposal onsite.
Federal regulations require that empty containers that held hazardous waste to be emptied to the
maximum extent practical. In addition, if the container was used for an acutely hazardous

waste, it must be decontaminated via triple wash and rinsing before any further use.
16.6 Storage

Specific storage requirements for IDW depend on a number of factors, including the location

of the storage area, the length of storage, the type of storage unit, the type of waste, and the
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regulatory status of the storage unit. Storing non-hazardous waste and designated waste in
drums and portable tanks is not regulated by USEPA.

Storage of hazardous waste is regulated on the federal and state levels with three available

options:

. Storage in a TU

. Storage for up to 90 days from the date of characterization
» Storage in a unit that meets permitted facility standards

These storage units may be located within the SWMU/AOC, within a designated CAMU, at a

designated storage area on the installation, or at the permitted storage facility.

16.6.1 Storage in a TU

Storing waste in a TU provides the greatest flexibility for the design and operation of the storage
unit. A temporary storage unit may be established for containers or tanks and may be located
either within or outside an SWMU/AOC or CAMU. A major advantage of the TU is that IDW
may be stored for up to one year, and waste may be removed from the TU and returned to the
SWMU/AOC or CAMU for treatment or disposal without triggering LDRs or MTRs. TUs must
be administratively created with regulatory agency input. Design of a TU must consider:

. Length of time the unit will be in operation

. Type of unit

. Volumes of wastes to be managed

. Physical and chemical characteristics of the wastes to be managed in the unit

. Potential for releases from the unit

. Hydrogeological and other relevant environmental conditions at the facility that may

influence the migration of any potential releases
. Potential for exposure of humans and environmental receptors if releases were to occur

from the unit
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Specific design and operating requirements for accumulation storage areas and permitted storage
units may be used as guidelines in developing temporary storage units. It is important for the
Navy and E/A&H to determine whether the TU will reside within a SWMU/AOC or CAMU,
and the specific SWMU/AOC or CAMU should be identified in site-specific plans for the TU.

16.6.2 Less-than-90-Day Storage Areas

Generators may accumulate hazardous waste in container storage areas or storage tanks for up
to 90 days before shipment to an offsite TSDF. These storage areas and tanks are commonly
called Less-than-90-day storage facilities. An area adjacent to Building 1278 has been
designated as less-than-90-day storage for IDW.

Accumulation container storage areas must meet specific design and operational requirements

outlined in 40 CFR §262.34(a) and R.61-79.262 Subpart C, which include the following:

. Containers must be in good condition and compatible with ﬁhe waste place inside them.

. Containers must be kept closed, except when waste is being added or removed, and they
must be managed in a manner preventing rupture or leakage.

. Containers must be marked as hazardous waste and with the accumulation start date,
composition and physical state of the waste, hazardous properties of the waste, and the
name and address of the generator.

i The accumulation storage unit must be inspected and recorded at least weekly.

o Personnel handling the containers must receive initial and annual training related to
operating and maintaining the accumulation storage unit. Code 106 personnel will
provide IDW handling and have received HAZWOPER training for TSDF personnel as
required by 29 CFR 1910.120.

o A contingency plan must be developed and emergency equipment provided for the
accumulation storage unit. The contingency plan outlined in the Part B permit

application for the NAVBASE satisfies this requirement.
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. The accumulation storage unit must be closed to meet the RCRA closure performance
standard. The less-than-90-day storage area at Building 1278 will be closed under the
requirements of 40 CFR Part 264.111 and 264.114.

16.6.3 Permitted Container Storage Facility

The last storage option for IDW is to store it in a facility that meets all the design specifications
and operating requirements applicable to permitted facilities. The requirements for permitted
facilities were developead to allow longer storage of a variety of wastes generated at industrial
facilities, and these requirements are the most stringent under RCRA. Buildings 246 and 1640
meet these requirements for storage of wastes listed in the Part B permit. The list however does
not contain many of the P- and U-listed wastes found during preliminary investigations, which
necessitates the less-than-90-day storage area at Building 1278. Storage at a less-than-90-day

area does not require the permit to list the constituents being stored.

16.6.4 Inspections and Inventory Log

The storage areas (TU and 90-day accumulation) will be inspected at least weekly. A standard
inspection form is kept by Code 106 for the Building 1278 storage area, showing the items to
be inspected, discrepancies noted, and corrective actions taken. Container storage inspections

cover the following areas:

o Condition of containers

o Adequacy and completeness of labels
. Evidence of leaks and spills

* Adequate aisle space

i Loading and unloading areas

* Emergency equipment
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In addition to completing weekly inspections, an inventory of >containers will be maintained by

Code 106 that reflects the following information:

° Number of containers currently in storage
. Date each container was characterized
. Dates, manifest numbers, and destination facilities for IDW that is shipped to offsite

management facilities

. Dates and disposition information for IDW that is disposed of onsite

16.6.5 Use of Portable Storage Tanks

Portable storage tanks often are used to accumulate and store liquid IDW, such as groundwater
or storm water runoff. USEPA regulates these portable tanks as containers for storage onsite.
Storage tanks should be labeled in the same manner as containers. However, if the portable
tanks will be used to transport liquids to facilities outside the installation, U.S. Department of
Transportation (DOT) regulations for container specifications and labeling must be complied

with.

16.6.6 Repackaging and Overpacking Containers

Containers may require repackaging or overpacking if they become damaged or weathered and
are no longer suitable for use. Repackaging involves transferring the waste from the damaged
drum into a new container, whereas overpacking involves placing the damaged drum into a
larger container. When repackaging or overpacking occurs, the new container must be labeled
in an identical manner, and a note should be made in the field logbook or storage inventory log

of the change in packaging or drum size.
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16.7 Container Labeling

Waste labeling and record-keeping requirements include initial labeling of containers:
"ANALYTICAL RESULTS ARE PENDING ON THE CONTENTS IN THIS CONTAINER."
A completed label should include the following information: date contents were placed in
container, sample identification number(s) (See Section 11), IDW type, source site number, and
boring or monitoring well number. A sample drum label used for identifying containerized IDW

pending characterization is shown in Figure 16-1.

All labeling information for each drum will be entered into the field logbook. After the drums’
contents are characterized, as described in Section 16.5, the labels will be replaced to reflect the

appropriate classification of wastes within the drums and the logbook will be updated.

Drums containing hazardous IDW will be labeled "HAZARDOUS WASTE — South Carolina
Law Prohibits Improper Storage or Disposal. If found, contact nearest police or public safety
authority or the S.C. Department of Health and Environmental Control” in accordance with 40
CFR Part 172 and the applicable South Carolina Public Service Commission regulations
(Figure 16-2). Drums containing non-hazardous IDW will be labeled "NON HAZARDOUS
WASTE" (Figure 16-3). Drum labels will be placed on the side of the drum, not on the lid, to

reduce weathering and to prevent the possibility of interchanging labels if lids are reused.

Plastic bags containing PPE and DE will be identified with a drum label wrapped around a piece
of wire to produce a tag that will close the bag. In addition to labels, drums will be painted
with unique identifiers in case the labels are lost or removed. The identifier will include the site

number and a unique identification number and will be entered into the field logbook or storage

inventory log.
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16.8 Treatment and/or Disposal of IDW

Once the waste characterization process has been completed for IDW, treatment and disposal

options may be considered that provide for appropriate waste management. The options

available at a particular installation depend on:

Availability of onsite management facilities, such as wastewater treatment plants,
bioremediation facilities, and other treatment technologies that may have been developed

for other cleanup sites.

Availability of municipal POTW with the capability to treat wastewaters generated at the

installation.

Site conditions and regulatory approval for disposal of non-hazardous soil back onto the
site where generated. Soil that does not contain chemicals of potential concern (COPC
as defined by the Baseline Risk Assessment) above background concentrations will be

recommended to be placed back on the site where generated.

Any soil or sediment that contains COPCs at concentrations that may pose a risk to
human health and the environment but is not determined to be a hazardous waste will be
handled as a hazardous material. Proper disposal will be coordinated with the Navy,

USEPA, and SCDHEC.

The offsite waste management options addressed in this section include management of aqueous

liquids at installation wastewater treatment plants, management of aqueous liquids at POTWs,

and management of offsite facilities using the waste management subcontract.
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16.8.1 Disposal of Aqueous Liquids through POTW
NAVBASE currently is operating under a National Pollution Discharge Elimination System

nf permit issued by the North Charleston Sewer District. Discharging IDW to the

POTW will be considered under certain circumstances. Pursuant to the conditions of the

permit issued to the facility from the

any
discharge of aqueous IDW will not exceed concentrations specified for listed constituents.

Discharge of aqueous IDW will not occur until the POTW (North Charleston Sewer District)

has reviewed the analytical data of the drum contents #

16.8.2 Disposal of IDW through Offsite TSD Facilities

Currently Code 106 manages IDW within the hazardous waste management program at
NAVBASE. The disposal is accomplished by another command, Defense Reutilization and
Marketing Office (DRMO), under contract with an offsite TSDF. The Navy EIC and E/A&H
may chose to establish a subcontract or use existing waste disposal subcontracts with waste
management firms to provide waste management services for IDW including pickup,

transportation, treatment, storage, and disposal of waste.

IDW transportation is coordinated and scheduled by Code 106. Code 106 is responsible for
ensuring the following documentation is generated as well as maintenance of records for time

specified in state regulations:

o Uniform Hazardous Waste Manifest. This document is used for cradle-to-grave
tracking of waste regulated as RCRA hazardous under the federal regulations, and waste
regulated as non-RCRA hazardous under South Carolina regulations. It must be signed
by the generator (specifically, the Navy installation point of contact) before the shipment

leaves the installation. The first transporter also must sign the manifest before the
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shipment leaves the installation, and the generator copy of the manifest is retained by the

Navy installation point of contact.

. Non-hazardous Waste Manifest. This document is used to track all IDW shipments of
non-hazardous waste, including waste that is shipped to Class II and Class III landfills
in South Carolina. The non-hazardous waste manifest also may be used for
non-hazardous waste shipped to facilities outside South Carolina. The non-hazardous
waste manifest is signed by the generator and the first transporter before the shipment

leaves the installation, and the generator retains a copy.

. Land Disposal Restriction Notification. This notification is required for all RCRA
hazardous waste that is restricted from land disposal under 40 CFR Part 268 and for
RCRA hazardous and non-RCRA hazardous waste that is restricted from land disposal
under R.61-79.268. This notification is signed by the waste generator, and it tells the
receiving facility what standards must be met for the waste before it can be placed in a
hazardous waste landfill. A copy of the LDR notification is kept by the generator, and
the original is attached to the manifest. A shipment of waste may have more than one

LDR notification that contains standards for several different waste streams.

. Land Disposal Restriction Certification. An LDR certification is required when a
restricted waste is shipped directly to a hazardous waste landfill without pretreatment
because it already meets the applicable treatment standards. The generator must certify
that all the applicable standards have been met, and waste analysis to support that must
be attached to the certification. A copy of the LDR certification is kept by the generator,

and the original is attached to the manifest.
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Orientation Meeting
Instructions for Use: Before performing any actions at Naval Base Charleston, E/A&H
personnel will attend an orientation meeting at which the following requirements will be fully
explained. Sign and date this form to indicate that you have reviewed these requirements.
General Requirements
[ Charleston map showing locations of Naval Base Charleston and selected courier office
£ Map of Naval Base Charleston showing locations of site and site office trailer

O Health & Safety Plan (See Health & Safety Officer)

Sampling Requirements

Unified Soil Classification System (USCS)
Stainless Steel Sleeves

Sample Numbering System

QA/QC Frequency

QA/QC Definitions

Sample Packaging

[ A I O O [ I

Documentation Requirements
O Field Forms

4 Field Logbooks

O Photographs

Acceptance

I have reviewed and understand all of the requirements listed above for field activities

at Naval Base Charleston.

Name

Date




APPENDIX B

OPERATING MANUAL FOR HYDROLAB DATASONDE 3 DATALOGGER



Hydrotab Operating Procedures

The Hydrolab Datasonde 3 {DS3) Multiparameter Water Quality Datalogger is an on-
line transmitter of in-situ water quality measurements. The device measures
temperature, pH, dissolved oxygen (DO), conductivity, salinity, depth, and Redox
readings in lakes, streams, estuaries, or other large or small water bodies. The DS3
is designed for multi-mode operation. Data output can be continuously monitored, or
the unit can operate remotely with data stored on board until downloading. Its digital
output can be displayed, logged, and downloaded to a personal computer, or remotely
transmitted through a modem or communications link. The device is built for
operation in abusive field conditions.

DS3 Data Display Variables {Accuracy)
— Temperature in deg C/F (£0.15°C)
— pH in units { £ 0.2 units)

— Redox in millivolts (+20mV}

— Dissolved Oxygen (DO) in milligrams per liter {mg/l} or % Saturation DO
(+£0.2mg/l)

— Conductivity in miiliSiemens/cm, microSiemens/cm, K ohms/cm, or resistivity
(£ 1% of range} :

— Salinity in ppt or total dissolved solids (TDS) { £0.2ppt)
— Depth (feet or meters) in level or total level { £0.45m)

The DS3’s waterproof cylindrical core is constructed of durable plastic and contains
a battery pack, areal-time clock, a solid-state memory package, and logging software.
Attached to the lower end of the core is a multi-probe unit containing a temperature
sensor, a specific conductance/salinity sensor, a pH glass electrode, a Redox sensor,
a DO sensor, and a depth sensor. The lower end also contains the unit’s sensor guard
and ballast weight, or stirrer assembly. The upper end of the DS3 unit contains the
an RS-232 data output port, and a stainless steel anchoring bail.

B-1



Standard Operating Mode

Once communication is established between the DS3 and computer, the following
introductory

heading will appear on-screen:

HYDROLAB Datasonde 3 VX.YZ
(Clopyright 1990 Hydrolab Corporation

Time Temp pH SpCond Salin DO DO Redox Depth Batt
HHMSS deg C units ms/cm ppt %Sat mg/i mv meters volts

This header appears only if the header function of the Variables Menu is enabled. The
header denotes the DS3’s software version, its alpha-numeric name, measurement
parameters currently enabled, and the current measurement variables selected for
those parameters. If these features are changed after the program is entered, the new
alpha-numeric name and parameters will be displayed when communication with the
unit is re-initiated. Immediately following the appearance of the header, the DS3 wiill
enter its Standard Operating Mode (SOM), whereby row after row of parameters will
appear on screen. the third and fourth lines of the introductory header wili be
reprinted once every 24 lines so the columns can be identified once the initial header
has scrolled off-screen.

The Basic Menu

The Basic Menu is accessed from the SOM by hitting the space bar. The following
then appears on-screen:

HYDROLAB Datasonde 3 V X.YZ

— {(P)arameters

— {C)alibrate

— {(V)ariables

— (Llogging

— {H)eader

— {(M}easure

— (Ndentity

— or (Escape or Ctrl X to cancel)

Typing any of the letters in parentheses will allow access to the menu of interest.
Each entry within a menu results in the program returning to the SOM. The menu
selection must therefore be re-accessed via the Basic Menu after each entry is made.
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. ‘Parameters

Typing a "P" will access the Parameters Menu, providing the following display:

—  {piH

— Specific {C)onductivity/Resistivity
— {S)alinity/TDS

—_ {(%)Sat

— D(O)

— {R)edox

— {D)epth/Level

— (B)attery

— (ANl

— or {Escape or Ctrl X to cancel}

Selecting the letter in parentheses allows individual parameters to be enabled or
disabled from this menu. Care should be taken when using this function, as certain
parameters are depend upon others. For instance, disabling all forms of specific
conductance will automatically disable DO, or enabling DO will automatically enable
specific conductance. Time and Temperature cannot be disabled.

. Variables

Typing a "V" from the Basic Menu will access the Variable Menu, which allows
default settings to be made for measurement variables. The Variable menu appears
as follows:

— {T)emperature

— Specific (C)onductance/Resistivity
— {%) Sat

—  D(0O)

— {D}epth/Level

— (A)utolog

— SDI-12 Addr{e)ss

— SDI-12 Delllay

— {H)eader

— (Bjuzzer

—_ (S)tirrer

— E{x)pert

— Ba({u}d Rate

— or {Escape or Ctrl X to cancel)

Typing any letter in parentheses will allow selection of a particular feature from the
Variable Menu.
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Temperature

This feature ailows the temperature variable to be manipuiated. Either the Centigrade
or Fahrenheit scales are selected for temperature measurement.

Specific Conductance/Resistivity

This feature allows either specific conductance or resistivity to be seiected as a
measurement value, and permits additional attributes to be adjusted. Succeeding
choice of measurement value, the presentation of this value is selected in either
milliSiemens/cm or microSiemens/cm. Foltowing selection of presentation format, the
type of cell block is selected {freshwater if specific conductances between 0-10
mS/cm are anticipated, seawater if specific conductances greater than 10 mS/cm are
anticipated). The specific conductance measuring range is then chosen. The
measuring range can be automatic, or readings can be made in the high, medium, or
low range. The next item selected is for salinity to be measured, or TDS. The final
item seiected is for specific conductance/resistivity and salinity/TDS readings to be
compensated or uncompensated for temperature.

% Sat

This feature allows a barometric pressure that is different from the calibration value
to be entered, if necessary.

DO

This feature allows certain aspects of the DO measurements to be specified.
Standard or Hydrolab LoFlow membranes are selected, as are whether readings are
to be compensated for salinity, or uncompensated.

Depth/Level

This feature allows manipulation of the depth/level variable. Either meters or feet are
chosen to express depth. Following selection of the variable, either "depth” or "level”
is chosen, depending on how the DS3 is equipped. [f the unit is equipped with a
depth transducer {having a range of O to 100 meters), depth is chosen for this
expression. If the unit has a level transducer (having a range of O to 10 meters), level
is chosen for this expression. The transducer type is printed on the DS3’s label.
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Autolog

This feature allows access to Autolog. This function enables or disables the
automatically started logging sequence, which provides a record of all parameters
once each hour. An enabled autolog can provide backup data for situations where the
starting time or date, stopping time or date, or interval time has been incorrectly

specified. Also, if for some reason there is a reset of transmitter electronics {power
fluctuations, etc.), Autolog is set by default to be enabled.

SDI-12 Address

This feature allows the unit to be personalized. The SDI-12 address that the user
wishes to assign a particular DS3 is entered.

SDI-12 is an interface bus designed to allow connection of a wide variety of

transducers without having to worry about incompatible sensor outputs. It sends
information to a single data recorder {the SDI-12 Controller) with a single cable bus.

SDI-12 Delay

This feature allows incorporation of a measurement delay (normally 30 or 120
seconds).

Header

This feature aliows the display of header information to be enabled or disabled. If
enabled, header information is included in the data lines.

Buzzer

This feature allows the buzzer function to be enabled or disabled. If enabled, a buzzer
sounds each time a reading is made.

Stirrer

This feature allows the stirrer function to be enabled or disabled. Once enabled, the
DS3 automatically actuates the stirrer for each logging run.

Expert

This feature enables or disables the expert function, which abbreviates items
appearing on the menu screen and data printout.
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Baud Rate

This feature allows the unit to be set to a different baud rate before dumping a
memory file. The DS3 starts up ap 1200 baud. However, 1200 baud is not fast
enough to keep up with a DS3 during recovery of logged data. The Baud Rate feature
allows selection from five available baud rates (9600, 44800, 2400, 1200, or 300).
The communications program for the computer will need to be set to the selected
baud rate.

Report

This feature provides a report of all of the default settings currently selected from the
Variable Menu.

. Calibration

Before deploying the DS3, the unit should be checked for calibration and operation.
Calibration should also be checked periodically when the unit is deployed in the field
for extended periods. The unit is calibrated by pouring a calibration standard into the
calibration cup that comes with the apparatus. Alternately, the entire unit can be
immersed in a bucket of calibration standard.

Typing a "C" from the Basic Menu will access the Calibrate Menu, which is displayed
as follows:

— {p)H

— Specific {Clonductivity/Resistivity
— {S)alinity/TDS

— (%)Sat

— D(O)

— {R)edox

— {D)epth/Level

— {(L)abel

— {T)ime

— (hnterval

— {(M)essage

—_ or (Escape or Ctrl X to cancel}

Typing any of the letters in parentheses will allow calibration of that particular
function. Temperature is permanently set at the factory and cannot be field

calibrated.
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pH

pH calibration is initiated by using a pH 7 buffer solution to first adjust the pH
system’s zero. Subsequently, a slope buffer solution is used to adjust the pH
system’s slope. The unit will accept any pH value between 6.8 and 7.2 for the zero
setting. Typing in the value of the buffer automaticaily calibrates the pH system to
zero. To adjust pH slope, the calibration procedure is repeated with the slope buffer
solution. The slope buffer value must be below 6.8 or higher than 7.2 for proper
adjustment.

Specific Conductance/Resistivity

Specific conductance calibration is initiated by monitoring readings until they have
stabilized for the standard solution, and then entering the value for the standard. If
the default setting has been set to measure resistivity, the resistivity value for the
standard is entered.

Salinity/TDS

Salinity calibration is initiated by accessing the salinity/TDS function. |f the default
setting is set for salinity, the value of the salinity calibration standard in parts per
thousand at 25°C is entered. If TDS is the default selection, the TDS for the
calibration standard is entered.

Dissolved Oxygen

DO calibration can be set for % saturation or for mg/l. Type "%" to calibrate for %
saturation. Once into this function, enter the local barometric pressure (in millimeters
of mercury). This adjusts calibration for both DO mg/l and DO % saturation
(calibration should be 100.0 for the standard membrane, or 102.5 for the Hydrolab
LoFlow membrane). Alternatively, type "O" to calibrate for DO mg/l. Enter the local
barometric pressure as before, subsequently entering the DO concentration of the
calibration standard as measured via Winkler titration or other instrumentation.

Redox

The Redox value of the calibration standard can be entered upon access to the Redox
function.

Depth/Level
Depth calibration can be zeroed in air, at or near the surface of the water to be

sampled, or at a known water depth. The depth is entered in either meters or feet,
depending upon the default variable.
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Additional Features of the Calibrate Menu

Entering the Label function allows the name of the transmitter to be changed (up to
12 characters}). Accessing the Time function, allows the month/day/year/time to be
entered. The military time format is used (HHMMSS). The Interval function allows
the time to be set for the data printing interval, The Message Interval allows notes
to be entered into the data record being created, if necessary, to help maintain clarity
of the record.

. Logging

The Logging Menu allows the set up of a logging routine for automatic, unattended
monitoring. The DS3 transmitter can log in two forms of memory, depending upon
the configuration of the unit. Standard memory can log up to 32,000 readings
(allowing all parameters to be logged twice an hour for approximately 60 days).
Extended memory can log up to 70,000 readings.

If information is downloaded to a computer, the PC must be IBM compatible, possess
a serial or COMM port, have DOS version 2.0 or higher installed, and be compatible
with a DB25F to DB25M adapter cable. The PROCOMM Plus Software Terminal
Emulator Program is required to properly interface the PC with the DS3. To
communicate with a PC, make sure the baud rates for both DS3 and computer are
compatible. The unit’s default setting is 1200 baud, but can be changed through the
Variable Menu. An interface cable, underwater cable, or calibration cable can be used
to connect the DS3 to the computer. Since the DS3 needs to be powered during the
logging sequence, sufficient battery power needs to be available. Once connected,
if the DS3 and computer are properly interfaced, pressing the space bar accesses the
SOM/Basic Menu.

Typing an "L" from the Basic Menu allows access to the Logging Menu, which is
displayed as follows:

—_ (D)ump

— (E)rase

— {S)etup

-— S(t)atus

— {R)eview

— {A)nnotate

— St{o)re

— or {Escape or Ctr! X to cancel)

Typing any of the letters in parentheses will allow entry into that particular logging
function.
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Dump

This feature allows the user to erase files no longer needed. Logging runs can be set
up, and data files can be reviewed. Data storage on the manual file can be initiated,
or this file can be annotated. Data can be dumped as "printer ready” if it is to be used
for disk archiving or for word processing. Data can also be dumped into a file that is
pre-formatted for a spreadsheet.

The Dump function allows selection of different configurations of

variables/calibrations:
— Variables/calibrations in effect when the logging run was setup can be used,

— If re-calibration took place at any time during a run, data can be adjusted to
reflect the calibration changes as they took place,

— The variables/calibrations current at the time of data dump can be used.

This feature allows comparison of readings for an indication of calibration drift.
improper variables were set, (cell block type, DO membrane type, etc.), corrections
can be made by re-dumping with those variables changed to a proper setting.

Selection of the Printer Ready function allows automatic statistical work to be done.
Statistics are compiled for each parameter in the form of the number of readings
taken, the number of readings taken that were out of the parameter’s measurement
range, minimum and maximum readings, maximum rate of change between
measurements, and mean/standard deviation. Daily statistics, total statistics, both
daily/total statistics, or no statistics can be chosen.

If any parameter values are accompanied by an asterisk (*), that value is based on a
default calibration setting. This means that the DS3 has forgotten the calibration
information provided for the sensor measuring that parameter, and has replaced it with
a nominal calibration setting. The affected sensor needs re-calibration, and if the
parameter affects other parameters, these will also appear with asterisks {i.e., specific
conductance, which affects salinity, DO and depth readings).

Selection of the Spreadsheet Importable function pre-formats data for spreadsheet
distribution, quoting all text. This download is accomplished via an X-modem

transfer. The Spreadsheet Importable function does not compute any statistics,
however. i

Erase

The erase function allows a file to be erased to regain use of the memory space
occupied by that file.
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Setup -

This function ailows a logging run to be setup. Before starting the logging run, the
status of all enabled/disabled parameters should be checked, as well as the status of
the stirrer and buzzer. The stirrer and buzzer cannot be altered during a logging run,
while calibration and variables can be changed during a run.

To set up a run, the menu calls for the name of the logging run to be entered. It then
asks for entry of commencement date/time {in MMDDYY/HHMMSS, and stopping
date/time (in MMDDYY/HHMMSS). The program then asks for the time between
logging scans {in HHMMSS), and if a warmup is desired prior to commencement of
the run. The warmup function allows the DS3 to warmup for 2 minutes prior to the
logging run, recommended if a stirrer is used or if DO-pH-Redox sensors are not
continuously polarized. Power consumption must be considered. This 2-minute
warmup is not necessary if the DO-pH-Redox internal polarizing batteries are used.
These batteries continuously power the pH and Redox amplifiers, and the DO sensor,
doing away with their 2-minute warmup requirement. A possible shortened life span
for the DO sensor must be considered. Even if no warmup is chosen, the DS3
automatically warms up for 30 seconds before beginning a logging scan.

Once a logging run has been set up, the DS3 is disconnected from the interface
cables. The transmitter will activate automatically when the logging run starts. It will
continue to activate until logging is scheduled to stop, the power supply is depleted,
or the memory is full.

Status
This function displays a logging status report. The name and number of each logging
run is listed (start/stop/interval). Remaining memory {(number of scans/readings based

on current parameters) is listed, and remaining battery time (% battery life) is
estimated.

Review

This function allows stored data to be scanned without dumping the entire file. The
scan can begin at the beginning of a file, the end of a file, or at a specific date and

time.
Annotate

This function allows a 49-character annotation to be entered in a text format adjacent
to a particular file. The note will then be downloaded along with the file.



Store -

This function allows a manual entry of data for a particular situation. If during a
survey, the readings for a particular station have stabilized, the data can be

immediately stored as a manual file.
. Header

Typing an "H" from the Basic Menu allows access to the Header Menu. This causes
the header to be printed, and is useful if the Header function has been disabled
through the Variables Menu.

The header will appear as:
ABCDEF123456

Time  Temp pH SpCond Salin DO DO  Redox Depth Batt
HHMSS deg C units ms/cm ppt %Sat mg/! mv meters volts

L Measure

Typing an "M" from the Basic Menu allows access to the Measure Menu. Actuating
this feature will cause one line of data to be printed immediately. This is useful if the
user wants to take occasional discretionary readings.

. Identify

Actuation of this feature from the Basic Menu causes the DS3 to print its software
version and parameters which the unit will currently support. It will appear as:

Hydrolab DS3 VX.YZ TPCS%ORDB

Power Supply

The internal battery pack uses 10 "AA" batteries, which are contained in the upper
part of the unit. The internal battery pack will support a unit for 20 days (stirrer used)
or 30 days (no stirrer used). A submersible external battery pack also can be used,
and will support the DS3 for up to 140 days, but cannot be used with a stirrer.
Power can also be furnished by cable. The power source must remain connected to
the transmitter during the logging function.
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Unit Configuration

Configuration of a DS3 should be carefully considered. If the Hydrolab LoFlow DO
sensor is used, internal polarizing batteries are necessary. This is because the LoFlow
DO sensor requires a 5-minute warmup period, and should therefore be continuously
powered. If the standard membrane DO sensor is used, a stirrer is necessary unless
a flow rate of 25 cm/sec is maintained past the sensor. The 2-minute warmup is
sufficient for the standard DO membrane. |f the LoFlow DO sensor is used, the
weighted sensor guard is used over the multiprobe unit. The stirrer replaces the
sensor guard when used, and also provides sensor protection and negative buoyancy.

Deployment

The DS3 is anchored by tying a rope or chain to the stainiess-steel bail at the top of
the unit. The device should be fixed either upright or level. The unit should be
protected from floating debris, and should not be deployed in a location that makes
it a navigation hazard. |f marked with a buoy, it should not be made attractive to
vandals. It is recommended that the multiprobe weighted sensor guard or stirrer be
installed, as well as the DO sensor guard. The pH reference electrode should be
uncapped. Be prepared to re-calibrate as necessary. The DO membrane may require
changing after only a few days. If the unit is stationed in shallow water, there is a
danger it could be hit by boats or outboard motor propellers.

DS3 Maintenance

Contaminated or worn out sensors will produce unreliable data. The maintenance
manual provides instructions on replacing or servicing worn sensors. This requires
careful disassembly of some of the sensors, and re-calibration. A maintenance
schedule needs to account for periodic down time for each unit.



APPENDIX C
OPERATING MANUAL FOR THE NISKIN WINGED CURRENT METER



MODEL 6011 MkII

NISKIN WINGED C NT M R

MEMORY

MARCH 1991

YOUR CURRENT METER SHOULD BE RECEIVED WITH THE FOLLOWING ITEMS.
PLEASE CHECK WHEN UPACKING TO BE SURE THEY ARE INCLUDED.

1. 6011MK2 CURRENT METER

2. VISIBLE SENSORS, PRESSURE & CONDUCTIVITY

3. WIRE MOORING STANDOFF FRAME (W/ANODES) AND WIRE STOP
.- * 4. RAM MEMORY CARTRIDGE

5. OPERATORS MANUAL

( *RAM MEMORY CARTRIDGES AND RAM READER KITS ARE PRICED SEPARATELY

IF ANY OF THE ITEMS ARE MISSING, PLEASE CONTACT G.O. ASAP

wn () —

INC. ® 1295 NW. 163rd Street, Miami, Florida 33169-9922 » Tel.: (305) 621.2882 Telex: B0-8247 Fox: (305) ¢
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1 INTRODUCTION

The General Oceanics model 6011 MkII is a battery-powered RAM
recording current meter. It measures current by measuring the
angle of tilt of its own housing when suspended from a suitable
mooring. Wings on the housing orient the meter with the current,
the direction of which is then determined by a solid-state
flux~gate compass. The absence of rotors and other delicate
external sensors, together with its extremely low power
consumption, make the meter ideal for long term deployments in
the deep ocean, while its small size and ease of handling make it
the choice for much inshore work.

The meter incorporates a real-time clock. This means that
Universal Coordinated Time (GMT) is recorded with each data point
on the RAM cartridge. Log keeping and data analysis are thereby
simplified and there is less chance of ambiguity in interpreting
the data record. The real-time clock 1is powered by 1its own
battery, which is separate from the meter's main power battery,
and which has a five-vear lifetime,

The basic meter records temperature as uwell as the data tor
current speed and direction. Sensors to measure conductivily and
pressure are also available as options.

In the "Vector-Averaging"” mode, the internal microprocessor
computes the average east and north components of current from a
number of individual readings and records only those averages on
the RAM cartridee, a data compression technique which increases
the effective capacity of the cartridge by up 1to thirtv-two
times. The microprocessor also computes and records the standard
deviation of the averages to provide information on the noise
environment of the meter. Vector-averaging is the preferred mode
of operation. It provides the maximum amount of data and
requires the least amount of post-deplovment data processing.

After the meter has been recovered the RAM cartridge miusl be

processed. General Oceanics offers the service of reading RaM
cartridges and supplying a complete range of data products.
Alternatively, the user can acquire a model B6011RR RAM reader to

interface with any one of a randge of desk-top computers, which
allows the user to process the data himself.

General Oceanics can supply auxiliary hardware to facilitate
deployment of the model 6011 current meter in a wide range of
situations. Deployment from & fixed structure such as an oil rig
or harbor pier is the easiest to set up. For near-bottom
measurements, a "gallows" frame is available which provides a
fixed point mooring at a known height in the water. Most
deployments use a wire mooring with either a surface or
sub-surface float. For this application a "stand-off" is used,
which can be clamped to the wire at any depth without cutting or
damaging the wire in any way. The stand-off not only keeps the

¥



meter clear of the wire, but also de-couples the meter from
mooring motion. Both a standoff and a wire stop are supplied
with the meter.

The design of the stand-off and the operating principle of the
meter itself both help tc simplify mooring design. Being able to
clamp the stand-off at any point along the wire makes it easy to
re-configure a mooring to meet changing operational require-
ments Also, since the meter takes up an angle of tilt determined
only by the current, the tilt of the mooring itself is a
secondary consideration. This means that, particularly in high
current regimes, buoyancy requirements and anchor weights can be
Ereatly reduced. '

The meter is normally supplied with a standard fin which covers
the speed range zero to 225 cm/sec. For greater resolution at
low speeds or to extend the range to higher speeds, low-speed and
high-speed fins are available.

n

PRINCIPLES OF OPERATION
2.1 Basis

The Model 6011 MK il current meter is a microprocessor controlled
data logger which captures data from a number of sensors and then
records them on a RAM cartridge. The overall operation of the
meter is best explained by the simplified rprogram flaw chart
shown in Fig. 1.
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2.2 Vector Ave}aging

In the vector-averaging mode, the microprocessor proceeds to
compute the north and east components of current immediately
after 1is has read the orientation sensors. To compute the
components it needs to know which of the three fins are fitted to
the meter. This information is provided by the setting of the
mode selector switch: positions 2, 3 and 4 for vector averaging
with low, standard and high speed fins. The number of samples
over which the average is taken is determined by the setting of
the samples-per-burst switch on the real-time clock board. As
shown in Fig. 2, a line called "burst status” remains low during
the burst period. All the time the status 1line 1is low, each
component is added to a running' tofal. If it is high,
signalling the end of the averaging period, the running total is
divided by the number of samples to arrive at the average.
Standard deviation is treated in a similar way. The meter then
goes on to read the real-time clock and the outputs of the
environmental sensors. Each reading is tagged with time and
recorded to RAM. Finally the meter is powered down. This means
that battery power to the sensors and any other high current
components is switched off; only the essential time-~keeping
components and some of the data memory remain operating. Hence,
current consumption between samples 1is reduced to a few
microamps, allowing the meter to operate for up to one vear on A
single batter. One can see from the last part of the flow chart
that time, date and the readings of the environmental sensors
that are recorded corirespond tc the LAST of the samples used to
form the +vector averages of current, a point that mav he
significant in data interpretation,

Calibration tables for all three fins are stored i1in the meter so
that if a fin is changed it is necessary to set the mode selector
switch Lo the new position. The tavles for meters fitted with
pressure and conduct:ivity sensors are slightly different from
those without.
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2.3 Self test

An external ON/OFF switch is mounted on the end cap of the
meter's pressure housing. As the hardware block diagram in Fig.
2 indicates, when the switch is in the ON position trigger pulses
from the real-time clock are allowed to reach the power control
circuitry and the meter cycles through its measuring and
recording functions as already described. In the OFF position
the meter remains in the quiescent, low power, condition.
Turning the switch from OFF to ON triggers a self-test and
initialization sequence,

3 CONTROLS AND INDICATORS - . -
3.1 User Operated Controls

The Model 6011 Mk II current meter has a number of user-operated
controls which select the varicus operating modes and sampling
intervals. Mest of the contrels are mounted on the main printed
circuit boards (see Fig.3) and are accessible only when the meter
is withdrawn from its pressure case. The one external switch is
mounted on the end cap opposite to the swivel end. Conductivity
and pressure sensors, when fitted, are mounted on the same end
cap.

2.2 External ON/OFF Switch

This rotary action switch contreols the flow of trigger pulses
from the clock board to the main board. In the OFF position no
pulses get through and the meter remains in its standby state
drawing minimum battery current. In the ON position the meter is
triggered into operation at the rate set bv the sampling-interval
and burst-sampling switches. If the meter is out of its pressure
case, the successful progress of the routine can be followed by
counting the eight flashes of the self-test lamp.

Normally, this switch will be turned ON or OFF once or twice as
part of the check out procedure and then left OFF until just
before deployment.

3.3 Sampling Interval

This switch sets the basic sampling interval of the meter in all
its operating modes. Operated with the aid of a small
screwdriver, this 10-position switch selects intervals from 7.5
seconds to 60 minutes. See SPECIFICATIONS for the full range of
available intervals.
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3.4 Burst Length

A 6-position switch selects the number of samples in a burst.
The numbers available are one to 32 in 1:2 steps. This switch
selects the number of samples over which the average is taken.
In position six, for example, a burst of 32 samples will be
averaged before being recorded as a single value. With the
switch in position one, the burst length is a single sample.

3.5 Burst Interval

A 4-position switch determines the interval between the samples
to be used in a vector average. -Thus, if a burst of eight
samples and an interval of four seconds are selected, the
effective averaging period will be 32 seconds.

3.6 Trigger Reset

Pressing this button resets the counting circuitry so that
trigger pulses can be made to occur at a known time in each hour.
The general rule is that the first trigger pulse occurs at a time
one half of the selected sampling interval after pressing the
reset button. If a sampling interval of one minute has been
selected, for example, then the first trigger will occur 30
seconds after pressing the trigger reset button, the next at one
minute and thirty seconds, the next at two minutes and 30 seconds
and so0 on. The general rule does not apply for the 30 and 60
minute sampling intervals. In both cases the first trigger
occurs 22.5 minutes after reset; all the following ones are at
the selected intervals.

The red indicator lamp next to the button provides a positive
indication that reset has occurred.

The push-button has no effect on the setting of the real-time
clock.

3.7 Mode Selector

This switch, mounted on the opposite side of the meter from the
other four controls, determines the vector-averaging mode.
Position 1 1is for factory use. Positions 2, 3 and 4 select the
vector averaging mode. Position 2 should be used if a low-speed
fin is fitted to the meter, 3 for a standard fin and 4 for a
high-speed fin. When computing the vector averages, the
microprocessor examines the switch setting in order to select the
correct fin calibration look-up table.



3.8 Self-Test Lanmp

When the meter self-test is triggered by actuating the external
ON/OFF switch, this lamp flashes at the rate of eight times in
three seconds as the test proceeds.

4 RAM MEMORY OPERATION
4,1 Introduction

RAM Memory is a solid-state memory system which replaces the more
traditional tape recorder and data cassette for long term storage
of the data gathered by the current’ meter. It makes use of a
removable data cartridge containing its own 10-year battery power
source. The cartridge is smaller than a standard audio cassette,
offers up to twice the data capacity, and can be quickly and
conveniently changed in the field with no external equipment,

The design of the RAM Memory incorporates a number of features to
ensure that recording will take place reliably during a
deployment and that data cannot be accidentally erased after a
recovery of the meter. For instance, a mechanical interlock
prevents the user closing the pressure housing if the cartridge
is incorrectly seated in its holder and a self test procedure
warns if° the cartridge's internal battery has run down. After
recovery, a write-protect switch on the cartridge can be set,
thus making it almost impossible to inadvertently erase the
stored data.

A simple reader is available (601iRR} which plugs into. an
expansion slot of an I.B.M.* P.C. or PC/XT desktop computer.
This, together with software which 1is supplied by General
Oceanics, allows the user to read and process the data stored in
the cartridge.

xRegistered trademark of International Business Machines
Corporation.

4.2 Cartidge Data Capacity

Cartridges are available in nominal capacities of 64, 128, 256
and 512 kilobytes. Each data record in the meter is stored as a
13-byte word. In addition, 13 bytes are used to store the
instrument serial number together with some information used
internally by the meter itself. Taking as an example a 128 kbyte
cartridge, we can now calculate its capacity in terms of data
records. The actual size of the cartridge is 131,072 bytes.
This leaves 131,059 bytes for useful data, which is equivalent to



10,081 complete data records. The corresponding figures for the
other sizes are 5,040, 20,163 and 40,328 data records. The
largest capacity cartridge, therefore, allows recording once
every ten minutes for almost a full year.

5 INSTRUMENT PREPARATION
5.1 Battery Capacity

First check that there is sufficient battery capacity remaining
te run the instrument for the planned deployment period. The
only way to be sure of this is by keeping an accurate record of
battery use on the label provided on ‘the side of the battery. 1If
there is any doubt, use a new battery. {Refer to section 6.3.1
Battery Life.)

5.2 Battery Replacement

The actual removal and replacement. of the battery is very

straight forward. The grey plastic battery holder is held in
place by a short retaining bar which is secured with a single
captive screw, Battery connection 1is via the blue 5-pin

connector at the end of the short pigtail. As the battery holder
is being slid into position, take care to guide the pigtail into
the slot provided.

5.3 S8Switch Settings

First select the mode, selector switch. If vector averaging
then make sure the switch points to the correct fin . Then set
the burst-interval and samples-per-burst switches for the desired
averaging period. Thirdly, bearing in mind the constraints
pointed out in paragraph B., select the sampling interval to
match the planned deployment period. Finally, press the trigger
reset button to lock the triggering sequence in the right phase
with the real-time clock.

Again, for many applications, averaging over 32 samples at
2-second intervals (Samples-per~Burst=32: Burst Interval=2sec.)
provides good coverage. The sempling interval can be set

anywhere between 2 minutes and 30 minutes, depending on the
duration of the deployment.

When the instrument has been prepared as just described, activate
the external ON/OFF switch to trigger the self test sequence
(eight flashes of the self test lamp). Some practice may be
needed in positioning the meter so that the self-test lamp can be
observed while activating the external switch. If all is well at
this stage the switch should be turned off and the meter sealed
in its pressure housing.



5.4 Sealing Up

The important points at this stage are (1} place a desiccant bag
in the pressure housing, and (2) make sure that the single O-ring
seal, and its mating surface, are clean, 1lightly greased and
undamaged.

! S. Slide the meter carefully into
the housing, checking that the battery pigtail is tucked out of
the way. Turn the meter so that the alignment hole in the end

cap matches the one in the housing. As the meter is driven home,
the pin at the end of the meter should engage the locating hole
in the far end cap. Secure the meter using the thick nylon
monofilament lqocking cord. It should slide into the matching
half-grooves in the end cap and the ‘pressure housing until only
the L-shaped termination is exposed. The short end of ¢the L is
then pressed into the aligned holes. This ensures that the
meter's internal sensors are lined up with the center line of the
fin.

5.5 Deployment

After the meter has been prepared as described 1in the foregoing
paragraphs, all that remains is to TURN THE EXTERNAL SWITCH ON
and attach the meter to the mooring.

5.6 Fin Change

If the meter is to be used in areas where very high or very low
currents are expected, the standard fin can be replaced by one
with the appropriate range |(see SPECIFICATIONS for ranges
avalilable}. The fin is secured by two cable ties which rest in
grooves in the pressure housing (see section 12.3 for part
numbers of replacement ties). The fin 1s aligned with the meter's
direction sensors by the nylon bolt at the swivel end of the
hiousing; the bolt is in turn secured bv a locking screw in one of

the lugs of the end cap. Note that although the fin can be
changed, SS OUSIN ND ICS MU
oG A vV ACC Y OF ON.

6 DEPLOYMENT
6.1 Preparing for Deployment

In preparing a meter the user should, in general, follow the
procedures detailed in Section 5 (INSTRUMENT PREPARATION) of the
Operating Manusal.

The mode selector switch (described in section 3.7) should be set
to position 2, 3, or 4 depending on whether a low, standard or
high speed fin is fitted to the meter.



Fig.1l shows the RAM Memory cartridge in place 1in the current

meter. To plug in the cartridge simply lift the latch, turn the
cartridge so the write-protect switch faces outwards, and insert
it into the 30-pin socket. If the cartridge is not properly

seated, the latch will not spring back to its fully closed
position and it will be impossible to slide the meter into the
pressure housing. :

Finally, set the write-protect switch on the cartridge to OFF,
plug in the battery, and turn on the external ON/OFF switch. The
meter will then go through a self-test routine as indicated by
the Self-Test lamp flashing eight times. If the lamp does not
flash, check that the cartridge is properly plugged in with the
write-protect switch off. "

€.2 Unplugging the Cartrige

When the current meter is recovered at the end of a deployment it
will be necessary to remove the cartridge from the meter in order

to read it. The cartridge is so designed that is very difficult
to lose or alter the stored data while wunplugging it. However,
to be absolutely sure, the following procedure should be
followed:

a) As-the meter arrives on deck set the External ON/OFF
switch to the OFF position and note the time.

b} Rinse with fresh water and dry the meter as usual.

c) Remove the meter from the pressure housing.
Set the write~protect switch on the RAM cartridge to
the ON position.

e) Unplug the battery.

f) Lift the latch (see Fig 1) and remove the cartridge
from its socket.

All the time the cartridge is out of the meter the write-protect
switch should be left in the ON position.

6.3 Other Notes
6.3.1 Battery Life

RAM Memory draws less power from the battery allowing more

readings to be taken. For instance, when taking 32-sample
averages, the battery has enough energy for 40,000 32-sample
averages. So, the maximum deployment time is one year OR the

time to record 40,000 32-sample averages OR 80,000 16-sample
averages OR 160,000 8-sample averages, whichever is the shortest
Note that the 40,000 averages could be recorded in a single
deployment wusing a 512 kbyte cartridge or in a series of
deployments using a 128 kbyte cartridge several times.



6.3.2 Last Record Data Loss

The RAM Memory system can loose some data as a result of the
averaging process itself. For example 1in the process of
assembling a 32-reading average, the meter is switched off just
before taking the 32nd reading 31 data points have been lost.

6.3.3 Monitor Connector

The monitor connector is ‘disabled except for the manufacturers
use. To check out a meter, it is a simple matter to record a few
minutes’ worth_of data and then read the cartridge. .

6.3.4 Serial Number Record

The first two bytes in the RAM Memory cartridge are used to
record the meter's full serial number.

6.3.5 Data Format

Data within the meter are handled as binary numbers, each having
sufficient bits to match the required precision. As the data are
prepared for recording the individual numbers are stacked end to
end to form a string 104 bits long. During the recording process
itself the string of bits is stored in the RAM Memory cartridge
eight bits at a time as 13 bytes. The bits for each record are
organized as follows in the order shown:

ata umber o its
Month 4
Day 5
Hour 5
Minute 6
Pressure 12
Temperature 12
Conductivity 12
East current component 12
West current component 12
Standard deviation in east component 12
Standard deviation in west component 12

Total 104



The way in which each piece of data 1is encoded and the
significance of each bit in the record are as follows:

Number of bits v ve
1 1
7 Serial Number
4 Month
5 Day
5 Hour
6 Minute
12 . Pressure )
12 Temperature
12 Conductivity
12 East Component
12 North Component
12 E. Std. Deviation
12 N. Std. Deviation

112
7 BATTERY

7.1 Battery Safety

Lithium batteries store a large amount of energvy in a small
volume so they should alwavs be handled with care. The fellowing
rules should be followed:

DC NOT incinerate, short circuit, puncture, crush or disassemble
the battery.

DO NOT attempt to re-charge the battery.

DO NOT store or use the battery at temperatures above 72 deg. C.



8 CAUTIONARY NOTES
8.1 Choice of Sampling Interval

When vector averaging, the sampling interval must be long
enough to allow the meter to complete its cycle of operation.
For example, if a burst length of 32 samples is selected together
with a burst interval of two seconds the cycle takes almost 64
seconds to complete. In this case the sampling interval should
be no less than two minutes

(since the next shortest interval, one minute, is insufficient to
accommodate the complete cycle).

If too short an interval is inadverten%ly selected the meter
automatically compensates, for many combinations of burst length
and burst interval, by ignoring the intermediate trigger pulses.
However, at best, this can only complicate later interpretation
of the data record.



9 SPECIFICATIONS

Speed:

Sensor: Force-balance tilt sensor.

Range: 0 to 300 cm/sec. (with appropriate fin)}
Accuracy: +/- 1 cm/sec.

Resolution: +/- 1 cm/sec.

Direction:

Sensor: Three-axis flux-gate compass
Accuracy: +/- 2 degrees.

Resolution: +/- 1 degree,
Temperature:

Sensor: Aged linear thermistor

{Yellow Springs Instrument Co. Type 44202}.

Range: -5 to +45 degrees C.
Accuracy: +/- 0.25 Degree C.
Resolution: +/- 1/64 Degree C.
Thermal time constant: < 2 MINUTES

Conductivity:
Sensor: Inductive Toroid
Range: 0 to 75 mS/cm.
Accuracy: +/- 2.5 mS/cm.
Resolution: +/- 0.1 mS/cm.

Pressure:
Sensor: Strain gauge.
Range: 0 to 10,000 p.s.1.
Accuracy: +/- 0.5%
Resolution: +/- 0.1%

Internal clock: -
Type: Quartz crystal.
Accuracy: +/- 0.1 second/dav
Outputs: Trigger pulses. Date and time information.
Power: Lithium battery independent of meter's main
battery. Battery life: 3 years.

Sampling interval:
Selected by 10-position switch.
Available intervals: 7.5, 15, 30, 60 seconds,
2, 5, 10, 20, 30, 60 minutes,

Burst sampling:
Samples per burst selected by 6-position switch;
2, 4, B, 16, 32 samples per burst.
Burst interval selected by 4-position switch;
2, 4, 8, and 16 seconds.

Data capacity:
Cartridges are available in nominal capacities of 64,
128, 256 and 512 kilobytes. Each data record in the



meter is stored as a 13-byte word. In addition, 13
bytes are used to store the instrument serial number
together with some information used internally by the
meter jitself. Taking as an example a 128 kbyte
cartridge, we can now calculate its capacity in terms
of data records. The actual size of the cartridge is
131,072 bytes. This leaves 131,059 bytes for useful
data, which is equivalent to 10,081 complete data
records. The corresponding figures for the other sizes
5,040, 20,163 and 40,328 data records. The largest
capacity cartridge, therefore, allows recording once
every ten minutes for almost a full year.

Data translation:

Using Model 6011RR reader with desk-top
computer (e.g., I.B.M. xP. C. or compatible}.

Battery:

Two D-size lithium cells with capacity of 14 amp-hours.
Output: 7.8 volts :
Life: up to one vear, depending on operating mode.

Pressure case dimensions:

Length: 54.9 cm. Diameter: 10.35 cm.

Weights:

In air: 9/0 Kg. In water: 4.5 Kg.

Pressure Seal:

Single O-ring.
Tool-free opening and closing using General Oceanics'
standard plastic cord sealing system.

Exposed material:

Plastic and hard-coat anodized dichromate sealed
aluminum.

Wing characteristics:

Low speed: 0 to 70 cm/sec.
Standard: 0 to 225 cm/sec.
High speed: 0 to 300 cm/sec.



10 MOORING METHODS

Figs. 4 and 5 illustrate possible ways of deploying the Model

6011 MkII current meter. Its lightness and compactness
considerably ease the expense and difficulty of designing
moorings. In deep-sea moorings, especially, the savings are

enhhanced by the reduced requirements in flotation, anchor weight
and cable size.



p-O%4

sS3juawalnsealy wWo3l30g-JeaN J0) JuawAioidag

MOORING &
RECOVERY —
HARNESS

CURRENT
T METER

ADDITIONAL
WEIGHT

I —




SURFACE OR
SUB-SURFACE FLOAT

WIRE STOP

STANDOFF

11100Fex, >

el

v WINGED
Loy CURRENT
1 ! METER

ANCHOR

Fig.S Typical Deep-Sea Deployment



11 CALIBRATION CURVES

On the following pages are six calibration curves showing tilt
angle as a function of current speed for the low-speed, standard

and high-speed fins. For each speed there are two curves. One
is for meters that have no environmental sensors the other is for
meters fitted with a conductivity sensor. The addition of a

pressure sensor does not change either calibration curve. A
temperature sensor is fitted to all model 6011 meters but since
it is buried in the end cap, it too has ne effect on the
calibration curves.
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12 MAINTENANCE
12.1 Routine Care

Because of its simple design, the Model 6011 requires very little
in the way of routine maintenance. The main battery should be
replaced as recommended in section 6.3.1 of this manual. The
batteries in the real-time clock have a life of five years.
Changing these batteries entails removing the protective covers
and re-setting the clock using special equipment available only
at the factory. For this reason, it is recommended that meters
be returned to General Oceanics, Inc. when the clock batterijes
become due for replacement.

Before each deployment, lightly grease the O-ring seals and check
them for damage. If there 1is any doubt about their integrity,
they should be replaced. After a deployment, remove any marine
growth, exercising special care in the region of the conductivity
and pressure sensors, and thoroughly rinse the meter in fresh
water. Remove the main battery and store it separately if the
meter is left unused for more than a few weeks.

12.2 Antifouling Treatment

To protect it against marine growth during extended deployments,
the meter can be treated with anti-fouling paint. The following
procedure uses material which are readily available at boat
supply stores and which are compatible with the aluminum of the
pressure case and the plastics of the fins. The layers of paint
have a negligible effect on meter calibration.

Step 1: Clean housing thoroughly with hot, soapy water and
rinse. Allow to dry and wipe thoroughly with acetone to degrease
surface.

Step 2: Remove the ABS wing from the current meter pressure
housing. Then apply two thin coats of Pettit Metal Primer to the
pressure housing, allowing at least 2 hours drying time between
coats.

Step 3: Apply two thin coats of Pettit Vinyl Red Undercoater.
This forms the prime barrier to protect the aluminum. It is
important that two thin coats, instead of one thick one, be used
to ensure total coverage of the aluminum. Also apply two coats
of undercoater to the ABS wing to ensure better adhesion of the
antifouling coating. Remember to leave at least 2 hours between
coats. If possible, apply the undercoater with a sprayer. For
thinning and cleaning use Pettit # 140 Vinyl Thinner.

Step 4: Applying the antifoulant. Pettit Alumiguard is
recommended because of its compatibility with aluminum. The
current meter may be painted then shelved for up to 3 months
without the treatment loosing its effectiveness. Two or more



thin coats should be applied; if expected use is in a high growth
area put on up to 5 thin coats. Recoat time is from 1 to 4
hours. Wait at least 16 hours after the last coat before
immersion. Remember to coat the wing when using the antifoulant.
Pettit # 140 Vinyl Thinner is used to thin the paint and for
cleanup.

12.3 Spare Parts

The following are the General Oceanics reference numbers to the
more frequently used spare parts.

Itemr™ G.O. ReTerence # -
Standoff 6011S0

Wire Stop 6011WS

O-ring 81-0153

Desiccant bag 99-0611

Cable tie - fin 48-1225

High-speed wing 6011000004

Low-speed wing 6011000003

Standard wing 6011000002

Battery 6011BL
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General Oceanics RAM Reader Manual

1 INTRODUCTION
1.1 Function

The General Oceanics Model 6011RR RAM Reader is designed to
read the data cartridges used on the 6000 series of oceanographic
recording instruments. These data cartridges contain banks of
CMOS memory chips together with a lithium battery which allows
them to retain recorded data for over ten years. The Reader plugs
into an IBM PC/XT, or compatible, desktop computer. Data are
taken from the cartridge, displayed on the computer screen, and
recorded on a disk file. The user can then access the file and
carry outany further processing.he wishes. .

2 INSTALLATION
2.1 Component Parts -

The Model G6000RR is shipped as a package of four items:

1. The RAM Reader main unit. This holds the socket into
which is plugged the data cartridge.

2. An interface card which plugs into aone of the
expansion slots in the IBM PC/XT. (MetraByte Corp.
Model PIO-12)

3. A ribbon cable with 37-pin connectors to connect
items 1 and 2.

4. The floppy disk containing the operating and
installation software.

2.2 Hardware Installation
2.2.1 Base Address Selection

The IBM PC/XT accesses the interface card by way of four
consecutive address locations in the PC I1/0 address space. These
addresses start at a base address which is selected by an
8-position DIP switch (see Fig.1l). The base address can in theory
be placed anywhere in the I1/0 address space, but base addresses
below FF hex (255 decimal) should be avoided as this address
range is used by the internal 1/0 of the computer. The 200-3FF
hex (512-1023) address range provides extensive unused areas of
I/0 space, though you should check with page 2-23 of the
"Technical Reference Manual" for possible conflicts with comn y
installed peripherals.
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Fig.l Base address switch setting for 300 hex (768 decimal)

TABLE I. Switch Position Address Equivalents. -
Switch posn. Address line Decimal equivalent
9 A9 512
8 A8 256
7 - A7 128
6 AS 64
5 A5 32
4 Ad 16
3 Al 8
2 A2 . 4

. Switches have decimal values as shown above, in the "off"
‘position. In the "on" position the decimal value is zero.

Conflict with other peripherals that may be installed often
manifasts itself as erratic data displayed on the screen, in
which case a different base address should be selected.
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]

2.2.2 PIO Card Installation

Turn off the computer, disconnect the power cords, and move
it so that you can work on it from the back. Open the computer
and remove the screw holding the filler plate that is in line an
empty expansion slot. Remove the filler plate and plug the
interface card into the slot making sure it is seated firmly in
the connector. Finally, secure the card bracket with the screw
that was removed earlier, and return the computer to its case.
You can now proceed to install the software.

2.2.) System Assembly . . ‘ -

Position the RAM Reader main unit alongside the computer for
convenient access. Use the 37-way ribbon cable toc connect it to
the interface card in the computer.

2.3 Software Installation
2.3.1 Introduction

The diskette supplied with the RAM Reader contains
a number of programs and files. MANUAL.DOC contains the text for
this manual. The second is a program labelled SETUP; it allows
the user to select which disk drive will be used to store the
data that is read from the RAM cartridge. It also tells the
actual reading programs the base address that has been selected
on the interface card. The remaining files contain the programs
which control the reader and format the data (e.g. RDCM will read
the RAM cartridge from a MKII Current Meter). These programs are
all very similar and differ only because different instruments in
the 6000 series use slightly different data formats (see Section
3).

2.3.2 Running SETUP

First you should make a working copy of the software disk
supplied, using the normal DOS commands. The original disk can
then be stored as a back-up.

At this stage it is worth giving some thought to the general
arrangement of your data handling system. The overall aim is to
transfer data from the RAM cartridge to a disk file on either &
floppy or hard disk. Once in a disk file the data can be accessed
much more quickly and conveniently than by re-reading the
cartridge. For a system with two floppy disks, it will normally
be most convenient to run the program disk in drive A: and to
store the transcribed data on a separate disk in drive B:. With a
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hard disk system, running the program on the hard disk - drive C:
- and storing data on a floppy disk in A: may be best.

Whatever arrangement you use, transfer all the files on the
General Oceanics disk to the selected drive, either by inserting
the floppy disk in the drive or by copying them to drive C:. Then
make the selected drive the default drive (e.g. if C: then type
‘C:' followed by RETURN). Then type 'SETUP' followed by RETURN.
After a few seconds you will see the introductory banner followed
by a prompt to select the data storage disk drive. Make your
selection, following the guidelines in the opening remarks of

this section.

The next proampt calls for the entry of the base address
which you-Have already selected on the DIP switch on the -~
interface card. Enter this address as a decimal nunmber.

Once you have entered these two pieces of information they
are stored in a file SETUP.DAT on the default drive. There is no
need to run the SETUP prégram again unless you wish to change
these initial conditions.

2.3.3 Reading Data

To read data, type the appropriate program name followed by
RETURN. The program name can be found in Section 3, DATA FORMAT,
under the name of the instrument on which the data were recorded.
For example, if data were recorded on a Model 6011 MK I1 current
meter, then the program to use is RDCM.

The program will start by displaying the following
information:

a. The serial number of the recording instrument.
b. The number of samples stored in the cartridge.
c. The disk drive being used for data storage.

The program will issue a warning if you attempt to read data
without a cartridge plugged intce the reader, or if the reading
program does not match the recording instrument i.e. if vou try
to read Current meter data with the Inclinometer program.

.To p;oceed. follow the prompts as they appear on the screen.
Rea@1ng will continue until all the samples have been read or
until you reach the last address in the cartridge.

The default read operation will display the date/time group
and the orientation sensor data on the screen along with the
number of samples. Using the "h" key to halt the process other
options become available.
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They include:
"s

RAM Reader Manual

to start the read process at the beginnii,
of the cartridge (re-starting will write
over previously stored file!) ;

to continue process at present position
(always continues in default mode);

to display the environmental sensors
(instead of orientation data) continuing
from present position;

blanks the screen while processing (speeds
up operation considerably);

‘terminate processing at present position.

Since: the generated file is.an ASCII delimited file it can
reach quite a size with respect to the number of bytes. If you
have designated a floppy drive as the storage drive then the
program will pause after each group of 5000 readings to allow ¥ou
to change diskettes if necessary. Hard disks 'C' through 'F'
will continue to write the data until the cartridge end is

reached.

The feollowing table will help to determine the correct
floppy disk size and whether to replace it or to continue:

Cartridge Readings Size of file

Size Available (bytes) Disk size
64K 5,000 300,000 360K min.
128K 10,000 600,000 ' 720K min.
256K 20,000 1,200,000 1.2Meg. min.
512K 40,000 2,400,000 10Meg. Hard drive

{The above examples are for a MKII Current Meter which
averages about 60 bytes per reading).



General Oceanics RAM Reader Manual

2.3.4 Examining Data

The data file (e.g. CM2DAT.DAT) can be viewed using a number
of different methods. DOS utilities MORE, TYPE, EDLIN and PRINT
are bottom line methods of viewing, editing and printing the
data. Any word processor capable of handling ASCII files can be
used also. The file can also be imported into any number of
spreadsheet and database environments available commercially.

Section 3 of this manual gives the data format and
respective column designations for instruments in this series.

3 DATA FORMAT

- & —r

3.1 Common Features

The format of the data displayed on the screen will vary
from instrument to instrument. However, certain features remain
common through out the range. Columns 1 through 4 are used to
display the month, day, hour and minute recorded by the
instrument’'s real-time clock. The last column is the sequential
sample number. The columns in between display data as described
in the sub-sections relating to each instrument.

Data are recorded on the disk file in essentially the same
format as the display except that there are no spaces and no
coluimn headings. Data values are separated by commas and each
line is terminated by a carriage return.

3.2 Model 6011U Inclinometer

The program to read data from Model 6011V Inclinometers is
RDINC. For a Model 6011UP (an inclinometer fitted with a pressure
sensor) use RDINCP.

The file used to store cartridge data is INCDAT.DAT.

Data are stored on disk as twelve columns. The first four
and the twelfth are as described in Section 3.1. Column 5 is used
to store pressure as a percentage of the sensor's full scale
reading. Column 6 stores temperature in degrees Centigrade.
Column 7 represents conductivity in units of milliseimans/meter.

Columns 8 and 9 are used to store tilt angle {(relative to
the vertical) and tilt direction (relative to magnetic north),
both in degrees.

Alternatively, columns 8 and 9 can be used to store tilt
information in Cartesian form as easterly and northerly
components. These components are derived, in principle, as
follows. First the tilt angle is converted to its trigonometric
sine - a number in the range zero to 1. Then, this number is
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multiplied by the sine of the direction angle to obtain the
easterly component. Similarly, the northerly component is
sin(tilt) multiplied by cos(direction). We end up, therefore,
with numbers in the range -1 to +1. On this scale -1 in the
column 9 would represent 80 degrees of tilt to the south. The
Cartesian representation has an advantage, in some applications,
of allowing tilt angles to be handled vectorially.

The tenth and eleventh columns are values of the standard
deviations of the two tilt components.

If conductivity or pressure sensors are not fitted to the

inclinometer, dummy data will be stored in the correspondlng

coclumns on the disk.
. - . _ .

3.3 Model 6011 MkII Current Meter

The program to read data from the Model 6011 MKII Current
Meter is RDCM. -

The file used to store cartridge data is CM2DAT.DAT.

Data are displayed in 12 columns as follows:

Column Data

1 Month

2 Day

3 Hour

4 Minute

5 Pressure {(as % FSD of sensor)
6 Temperature (deg. C.)

7 Conductivity (mS/m)

8 East-West current (cm./sec.)
9 North-South current {cm./sec.)
10 E-W Std. Devn. (cm./sec.)

11 N-S Std. Devn. (cm/sec.)

12 Sample Number

3.4 Model 6070 Thermograph

The program to read data from the Model 6070 Thermograph is
RDPTC.
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The file used to store cartridge data is DATLOG.DAT
Data are displayed in 8 columns as follows:

Column Data

Month

Day

Hour

Minute

Pressure

Temperature

Conductivity

Sample Number -

O3 OvE N

..
+

3.5 Model 6051 Pressure Gauge

The program used to -read cartridges from the Model 6061
Pressure Gauge is RDPG.

Data are stored in DATLOG.DAT.



APPENDIX D

ANALYTICAL METHODS, SAMPLE CONTAINERS,
PRESERVATION, AND HOLDING TIMES



Final Comprehensive Sampling and Analysis Plan

Naval Base Charleston
Revision No: 02
July 30, 1996

Analytical Methods, Sample Containers, Preservation, ahd}Holding Tii}h}es} o

Analytical Sample . e | . - Sample
Parameter - Method Matrix Minimum. Container Size /‘Material*. | . Preservation® Holding Times
Nitrate-N USEPA 352.1 Water {1} 1-liter Amber Glass Jar with Chill, 4° C 2 days until analysis
Teflon-lined septum
Soil (1) 4-0z Glass Jar Chill, 4° C 2 days until analysis
{1) t-liter Glass Jar
Total Kjeldahl Nitrogen USEPA 351.4 Water {1) 1-liter Amber Glass Jar with Chill, 4® C, 28 days until analysis
Teflon-lined septum H,SO, pH < 2
(.25 ml)
Sail {1} 4-0z Glass Jar Chill, 4° C 28 days until analysis
(1) 1-liter Glass Jar
Total Petroleum Hydrocarbons (TPH) USEPA 418.1 Water {1) 1-liter Amber Glass Chill, 4° C 28 days until analysis
Teflon-lined septum H,50,
Sail {1} 4-0z Glass Jar Chill, 4° C 28 days until apalysis
(1} 1-liter Glass Jar
Total Petroleum Hydrocarbons (TPH)—Low | USEPA 5030§f Water {1) 1-liter Amber Glass Teflon-lined Chill 4° Cd 14 days
to Medium Boiling Point Fuels (gasoline} Septum HCI to pH2
Soil (1} 4-0z Glass Jar Chill to 4° C 14 days
(1} 1-liter Glass Jar
Total Petroleum Hydrocarbons {TPH)—High | USEPA 3510 Water (1) 1-liter Amber Glass with Chill 4° C 14 days until extraction;
Boiling Point Fuels (Diesel, kerosene) USEPA 8100 Teflon-lined septum 40 days after extraction
Sail (1} 4-0z Glass Jar Chill 4@ C Extract within 14 days
(1} 1-liter Glass Jar Analyze within 40 days
Total Phosphorus USEPA 365.3 Water {1) 1-liter Amber Glass Jar with H,50,pH < 2 Analyze within 28 Days
Teflon-lined septum
Soil {1} 4-0z Glass Jar Chill, 4° C Analyze within 28 Days

(1) 1-liter Glass Jar




Final Comprehensive Sampling and Analysis Plan

Naval Base Charleston

Revision No: 02
July 30, 1996

Analytical Methods, Sample Containers, Prééarvation. an’&, :»Holding Times

. 1  , Samp:!e S

Analytical Sample Sl , B »
Method Matrix Minimum Container Size '/ Materiale | . Preservation® ' Holding Times '
I Total Organic Carbon (TQC) USEPA 415.1, Water (1) t-liter Amber Glass Jar with Chill, 4° C, 28 days until analysis I
415.2 Teflon-lined septum H,S0,pH < 2
(.25 ml)
Soil {1) 4-oz Glass Jar Chill 4¢ C 28 days until analysis
{1} 1-liter Glass Jar
Heterotrophic Plate Count SM 9215B Water {1] 1-liter Amber Glass Jar with Chill, 4° C Not to exceed
F Teflon-lined septum (sterilized) 24 hours
Soil {1) 4-0z Giass Jar Chill, 4° C 14 days
{1} 1-liter Glass Jar (sterilized)}
Metals by Inductively Coupled Argon USEPA 6010#; Water {2) 500-ml HDPE jar Chill, 4° C, 6 months
Plasma (ICAP) Spectroscopy HNO,; pH < 2
Sail (1) 4-0z HDPE jar Chill, 4°¢ C 6 months
Metals by Graphite Furnace Atomic USEPA 7000 Water {2) 500-ml HDPE jar Chill, 4° C, 6 months
Absorption [GFAA} Series HNO, pH < 2
Sail {1) 4-oz HDPE jar Chill, 4@ C 6 months
Mercury by Cold Vapor Atomic Absorption | USEPA 74704 Water {2} 500-m| HDPE jars Chill, 4¢ C, 28 days
(CVAA) HNO, pH < 2
USEPA 74714 Soil {1) 4-oz HDPE jar Chill, 4° C 28 days
Cyanide USEPA 9010A Water (1} 500-ml HDPE jar Chill, 4° C, 14 days
NaOH pH > 12e
Soil {1) 4-0z HDPE jar Chill, 4° C 14 days




Final Comprehensive Sampling and Analysis Plan

Naval Base Charleston
Revision No: 02
July 30, 1996

Analytical Methods, Sample Containeré, Preservation, athHolding Times

: Sample

Analytical Sample . 2 » - »
Parameter Method Matrix Minimum. Container Size |/ Material* .|  _ Preservation® Holding Times
Volatile Organic Compounds (VOC) USEPA Water {3} 40-ml vials with Chill, 4° C, 14 days
Teflon-lined septa HCI pH < 2,
store in darke
Soil {1) 4-oz Glass Jar with Chill, 4° C, 14 days
Tetlon-lined septa store in dark
Semivolatile Organic Compounds (SVQC) USEPA 8270§ Water {2) 1-liter Amber Glass Jars with Chill, 4° C4 Extract within 7 days, analyze
{Base-Neutral/Acid Extractables) Teflon-lined septa within 40 days
Soil (1) 4-0z Glass Jar with Chill, 4° C Extract within 14 days, analyze
Teflon-lined septa within 40 days
Chlorinated Pesticides/PCBs USEPA BOBO'E; Water {2) 1-iter Amber Glass Jar with Chill, 4° C¢ Extract within 7 days, analyze
Teflon-lined septum within 40 days
Soil {1) 8-0z Glass Jar Chill, 4° C, Extract within 14 days, analyze
with Teflon-lined septum store in dark within 40 days
Chlorinated Herbicides USEPA 81508 Water (2} 1-liter Amber Glass Jar with Chill, 4° C« Extract within 7 days, analyze
Teflon-lined septum within 40 days
Seil {1) 8-0z Glass Jar Chill, 4° C Extract within 14 days, analyze
with Teflon-lined septum within 40 days
Organophosphorous Pesticides USEPA 8140 Water {2} 1-liter Amber Glass Jar with Chill, 4° C- Extract within 7 days, analyze
Teflon-lined septum within 40 days
Soil (1) B-oz Glass Jar Chill, 4° C Extract within 14 days, analyze
with Teflon-lined septum within 40 days
Dioxins USEPA 8230 Water (2) 1-liter Amber Glass Jar with Chill, 4° C Extract within 30 days, analyze
Teflon-lined septum within 45 days of collection
Soil {1} B-oz Glass Jar Chill, 4¢ C Extract within 30 days, analyze

with Teflon-lined septum

within 45 days of collection

D-3



Final Comprehensive Sampling and Analysis Plan

Naval Base Charleston
Revision No: 02
July 30, 1996

Anatytical Methods, Sample Containers; Prg,s}ervation. ahd;Hoiding ‘I'-i:r’t{es’; ,

~Analytical Sample : E : ~:Sample -
Parameter Mathod Matrix Minimum Container: Size  Material*. - | . - Preservation® . .- ‘Holding Times
Hexavalent Chromium Water {1} 1-liter Plastic Chill 4° C 24 hours
Soit {1) 4-0z Glass Jar Chill 4 C None specified
(1} 1-liter Glass Jar
Volatile Organic Compounds in Ambient Air | TQ14 Air Summa canisters None None
|

Cation Exchange Capacity {CEC} USEPA 9081 Soil Shelby Tube None None

Percent Moisture ASTM D-2216-80 Sail Shelby Tube None None

Bulk Density ASTM D-4253 Soil Shelby Tube None None

Porosity ASTM D-4645 Soil Shelby Tube None None

Grain Size ASTM D-422 Soil Shelby Tube or Stainless Steel None None

Sampling Sleeve

Specific Gravity ASTM D-845 Soil Shelby Tube None Nane

Permeability ASTM D-5084 Sail Shelby Tube None None

Toxicity Characteristic Leaching Procedure SW-846 Saoil {1) 1-liter Glass Jar Chill, 4° C Volatiles! 28 days

(TCLP) 1311
Semi- 61 days
Volatiles'
Mercury! 56 days
Metals, 360 days
except
mercury’




Final Comprehensive Sampling and Analysis Plan
Naval Base Charleston
Revision No: 02

July 30, 1996

Analytical Methods, Sample Containers, Preservation, and Holding Times

]
u

Analytical Sample " Sample . e
Parameter - Method Matrix | -: Preservation® . Holding  Times
Synthetic Precipitation Leaching Procedure Sw-846 Soil (1) 1-liter Glass Jar Chill, 4° C Volatiles’ 28 days
(SPLP} 1312
Semi- 61 days
Volatiles'
Mercury! 56 days
Metals, 360 days
except
mercury'
Hardness USEPA 130.1 Water {1} 500-mi Plastic Jar Chill, 4° C, 28 days after sampling
HNO, pH < 2
(.25 ml)
Total Suspended Sclids [TSS), non-filterable | USEPA 160.2 Water (1) 1-liter Amber Glass Jar with Chill, 4° C 7 days until analysis
Teflon-lined septums<
Alkalinity USEPA 310.1 Water (1) 1-liter Amber Glass Jar with Chill, 42 C 14 days until analysis
Teflon-lined septumc©
Total Dissolved Solids {TDS} USEPA 160.1 Water (1) 1-liter Amber Glass with Chill 4° C 7 days until analysis
Teflon-lined septum
Chlorides USEPA 325.1 Water {1} 1-liter Amber Glass with Chill 4= C 28 days until analysis
Teflon-lined septum
Sulfates USEPA 375.4 Water {1) 1-liter Amber Glass with Chill 4¢ C 28 days until analysis
Teflon-lined septum
Carbonate/Bicarbonate APHA 2320B Water (1) 1-liter Amber Glass with Chilt 4° C 14 days until analysis
Teflon-lined septum
Nitrate + Nitrite USEPA 353.2 Water {1) 1-liter Amber Glass with Chill 4° C 28 days until analysis
Teflon-lined septum H,S0,topH < 2
Phosphate USEPA 365.1 Water (1) 1-liter Amber Glass with Chill 4° C 28 days until analysis

Teflon-lined septum

H,S0, to pH < 2

D-5



Final Comprehensive Sampling and Analysis Plan

Naval Base Charleston
Revision No: 02
July 30, 1996

Analytical Methods, Sample Containers, Preservation, ‘and Holding Times

. Sample

Analytical Sample L :
Parameter . Maethod Matrix Minimum_ Container Siza / Material* | Preservation® = . Holding Times
Sulfite USEPA 377.1 Water (1) 1-liter Amber Glass with Chill 4° C 24 hrs until analysis
Teflon-lined septum
Sulfides USEPA 376.1 Water (1) 1-liter Amber Glass with Chill 4¢ C 7 days until analysis
Teflon-lined septum Add zinc acetate
and NaOH pH>9
Biclogical Oxygen Demand {BOD) USEPA 405.1 Water {1) 1-liter Amber Glass Jar with Chill, 4° C Start analysis within 48 hours
Teflon-lined septum
Chemical Oxygen Demand (COD) USEPA 410.1 Water {1) 500-ml Plastic Jar Chill, 4° C, 28 days until analysis
H,50,pH < 2
(.25 ml} ]

Notes:

T O 000

Soil samples collected with split-barrel samplers shall be submitted to the laboratory in stainless steel sampling sleeves.
Any preserving agents used must be ACS Certified Reagent Grade.
Total suspended solids, sulfate, orthophosphate, and alkalinity will be collected in same sample container.
Add 3ml of 10 percent sodium thiosulfate per gallon in the presence of free or combined chlorine.

Use ascorbic acid if residual chlorine is present.

eld Coflection =~ |
2 Extraction

From: Proparative Exwaction |
To: Determinative Analysis . | -

“Total Elapsad Time

Volatiles 14 NA 14 28
Semi-volatiles 14 7 40 61
Mercury 28 NA 28 56
Metals, except mercury 180 NA 180 360

NA =

Not Applicable




APPENDIX E
40 CFR 50, Appendix J

Instruction and Operation Manual - High Volume PM,, Sampler
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SOUTH CAROLINA AMBIENT AIR QUALITY STANDARDS
(South Carolina Department of Health and Environmental Control; - Regulation

61-62.5

— Air Pollution Control Standards; Amended effective May 22,1982 February

25, 1983; April 22, 1983; June 24, 1983; May 24, 1985; February 28, 1986; November
27, 1987; February 26, 1988; April 22, 1988; Janusry 19, 1989; February-24,:1989;
March 24, 1989; May 25, 1990; August 24, 1990; Corrected Februry 2L~1991°
Amended effective May 24, 1991; June 26, 1992) ' = S j

CONTENTS

Standard No. | — Emissions from Fuel
Burning Operations
Standard No. 2 — Ambient Air Quality
Standards
Standard No. 3 — Waste Combustion and
Reduction
Standard No. 3.1 — Medical Waste
Iacineration
Standard No. 4 — Emissions from Process
Industries
Standard No, 5 — Volatile Organic Com-
pounds
Standard No. 5.1 — Lowest Achievable
Emission Rate (“LAER™) Applicable to
Volatile Organic Compounds
Standard No. 6 — Alternative Emission
Limitation Options
Standard No. 7 — Prevention of Signifi-
cant Deterioration
Standard No. 8 — Toxic Air Pollutants
REGULATION NO. 62.5
AIR POLLUTION CONTROL STAN-
DARDS
STANDARD NO. |
EMISSIONS FROM FUEL BURNING
OPERATIONS

SECTION I — VISIBLE EMISSIONS
A. Existing Sources

No one shall discharge to the ambieat
air from any existing source constructed
prior to February 11, 1971, smoke which
¢xceeds an opacity of forty (40) percent.
For atotal of six (6) minutes in one hour or
twenty-four (24) minutes in a twenty-four

8-28-92
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(24) hour period, forty (40) percent opacity  Alternate methods may be utilized only if
may be exceeded for soot. blowing, but -approved.in:advance by the Department
shall in no case exceed an opacny of suuy and - br thesElmmnmcaul Protection
{60) percent. »!ﬂ"‘! _ﬁ_ﬁ‘_‘ S
B.:o“:me shall discharge to the ambient - GECTION n#rxméuﬁn: MAT-
air from any source constructed on or after TER. EMM o
February 11, 1971, smoke which exceeds = A-dwm?’#
an opacity of twenty (20) percent. For x - mallowahle.dlwhmnf pamu.uau:
total of six (6) minutes.in one hour or - matter. ming oper
twenty-four (24) minutes in 2 twenty-four - ations. shall: be-dimited-to :lhe“'nlm ob-
(24) hour period, twenty (20) percent tained by use:wf Figuwest and/or-Part B.
opacity may be exceeded for soot blowing, (For-the purpose-ofaetermining heat in-
but shall in no case exceed an opacity of put, total- eqmmtyﬂefm to
sixty (60) percent. total equipment : uﬁty &il.;c::m
through each stack -If.4 bailer more
C'TS;“’“ Provisions than one (1) stack thetotal rated capacity

e opacity standards set forth above do will be the boiler rated capscity discharg-
not apply during startup or shutdown. . 10 these stacks). Interpotation of Fig-
Owners and operators shall, to the extent Ing ey L ,

: o ure | for fuel burning operations of 1300
practicable, maintain and operate any -
source including associated air pollution mlih::uBEI p;r;:‘a:l;mt ':p‘:;nifhge
control equipment in a manner consistent cr s e y

with good air pollution control practices cquation:
for minimizing emissions. In addition, the E = §7.84 P~06IT

owner or operator shall maintain a log of
the time. magnitude, duration and any _ Where E = the allowable emission rate

other pertinent ‘information to determine i pounds per million BTU heat input. and
periods of startup and shutdown and make F ™= Million BTU heat input per hour
avajlable to the Department upon request.

D. Test Method B. Special Providou .

The method which is approved by the All fuel burning operations of 10 million
Department for determining compliance BTU per:hour heat input and smaller con-
with opacity limitations under this Section structed prior to February 11, 1971, shall
is EPA Reference Method 9 (40 CFR 60, be allowed 0.8 pounds per million BTU in-
Appendix A. as revised July 1, 1986). put.
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TOTAL EQUIPMENT CAPACITY RATING (FUEL INPUT ONLY)

SECTION 1lI — SULFUR DIOXIDE
EMISSIONS

A. General

The maximum allowable discharge of
sulfur dioxide (SO,) from- fuei: burning
operations shall be in accordance with a
system of priorities as specified hereinafter
in paragraph B. The classifications shall be
delineated on a4 county basis. The max-
imum allowable dlsc.harge for the various
classes is specified in pmgﬂph C of this
Section.

B. Classifications i

1. The class into which a given county
falls has been determined by mathematical
atmospheric diffusion models and other
methods which. evaluate those factors
which necessitate fimits on suifur dioxide
emissions. These factors included but were
not limited to: (1) total suifur dioxide
cmissions: (2) spatial distribution of sulfur
dioxide sources; (3) effects of single, large
sources; (4) existing, measured air quality;
(5) topographical features of the county:
(6) contributions to background leveis due
to sources outside the county being con-
sidered; (7) popuiation density.

2. The assigned classifications will be
reviewed periodically at intervais not to ex-
ceed three years, and changes will be made
as required. When a county is assigned to a
more restrictive class, individual com-
pliance schedules will be established in
such a way that reasonable time will be
allowed for the sources to make necessary
changes in equipment and/or fuel con-
tracts,

). The following classifications arc
assigned:

MILLION BTU PER HOUR INI'UT"

Class | — Charieston County
Class It — Alken County — Anderson.
County

Class 111 — All others

C. Allowable Discharges -

Sulfur dioxide emissions from fuct burn--
ing sources located in various counties
will not exceed the following limits:

I, Comnties m Class 4
Maximem Aliowable - . *_
Emissises (b SO,/
Rated Source Size million BTV |=E)
Up 0 and including 18
10 million BTU/br .
Greawr than 10 million
BTU )
2. Countiaa in Clama H
Mazimem Allowsbis .
Enzimions (ib SO,/
Rated Sowrce Size Million BTU Inpet)
Up 10 1000 million BTU /b 25
1000 millios BTU /b 23
and larger
). Counties in Class 11§
Maximem Allownble
Emissions (ib SO,/
Rated Sosrce Size million ATU Inpwt)
AN 15

D. Special Provisions

{f it can be demonstrated to the satisfac-
tion of the Board that ambient air stan-
dards will not be contravened by a source,
alone or in combination with other
sources, a greater allowance for sulfur
dioxide discharges may be made on a
casc by case basis.

SECTION IV — OPACITY MONITOR-
ING REQUIREMENTS

A. Applicable Sources
I. Fossil Fuel Fired Boilers. The owner

Environment Reporter
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‘or-operator of any fossil I'uei-ﬁn:d steun
generator:of more than 250 millic: BTU
‘per. hour.heat.input. -capacity shail install, .
calibrate, operate, and maintain:no dater
thmJune.-lA..w?S continuous: aionitem.-
ing system(s} for the measurement--of
opacity-~which :meets:- the: +performenee -
specifications of Paragraph D of tlm'Scoz
lionexcept -‘where: = B S oL
a..Gaseous fuel is the only I'uel«.bnﬂld:—
b. Qil or.a:mixture of gas-and-dikergahe--

. :‘only-fuels.bmednnd' the: steam generator
- is able to comply -with the provisionscof

Sections: L and.-{{ -of this Stundard-without .
utilization of particulate-matter collection
equipment, and where the steam generator- -
has never been- found, .through. any-ad. -
ministrative or-judicial proceedings; to-be
in violation of Section +. of this-Stwndard.
¢. The steam-generator operatesswith-an .

annual average -capacity-facior of 30 per-
cent or less, as reported. to- the—-Federal
Power Commission for calendar.ycar. \974
or otherwise adequately demonstrated to
the Department; and has not subsequently
increased this factor to more tlun 30
percent.

2. Woodwaste Boilers. The: ownes of
operator ‘ol any woodwaste boiler;- not --
cquipped with a wet- scrubber; will "be
required to install, calibrate, operateand
maintain continuous monitoring system(s)
approved by this Department for thic mea..
surement of opacity, if it mests-one-or
more of the following criteria:

a. Any woodwaste boiler -of .at Jeast
100 X 10* BTU/hr. rated heat:input. .

b. Any woodwaste boiler, regardiess. of
size, that has been operating in non-com-




"9

SOUTH CAROLINA AIR QUALITY STANDARDS

5-153
506:1003

pliance with any applicable state air potlu-
tion control reguiations and standards.

If a boiler is fired on more than one
(uel, the total capacity will determine the
applicability of above requirements.

B. Continsous Opecity Monitor Reporting:
Regquirements

1. The owner or operator of any fossil
fuel fired steam generator subject to the
provisions of Paragraph A of this Section
shall submit a written Continuous Opacity
Monitor report to the Department quar-
terly or more often if requested. Alt quar-
terly reports must be postmarked by the
30th day following the end of each calen-
dar quarter.

The report shall include the following
minimum information:

a. All integrated six minute opacity
measurements for periods during which
the applicabie pravisions of Section I have
been exceeded, together with their naure
and cause.

b. For periods of monitoring system
maifunction:

(i) The date and time idemifying cach
period. dunng which the monitoring sys-
tem wss. inoperative; except for zero and
span checks.

(u) The nature.of monitoring syslem
repairs or adjustments,

(iii) Proof of opacity monitoring system
performance may be required by the De-
partment whenever repairs or adjustments
have been made.

¢. boiler system repairs or adjustments
made ta correct violations of the provisions
of Section I.

If no reportable incidents occur during
& quarter, a report is aiso required indicat.
ing as such.

2. Alternative data reporting procedures
may be allowed if the owner or operator
shaws, 10 the satisfaction of the Depart-
ment, that these procedures are at least as
accurate gs those described.

3. The owner or operator shall maintain
a file of ali information contained in the
quarterly reports, calibration data for the
opacity monitoring systemq(s), relevant re-
cords of adjustments and maintenance
performed on such system(s), and all other
data generated by the continucus opacity
monitoring system(s), for a minimum of
two years from the date of submission of
such reports or collection of such data.
The information contained on file must be
made available for review by Department
personnel upon request.

C. Exemption from Reporting
Requirements

A temporary exemption {rom the opaci-
ty monitoring and reporting requirements
of this Section may be granted during any

12-21-90

period of monitoring system(s) malfunc-
tion, provided the owner or operator
shows, to the satisfaction of the Depart-
ment, that the malfunction was un-
avoidable and is being repsired as ex-

peditiously as possibic.

D. Equipment Performancs Specifications -

The continuous opacity monitoring
system(s) required by Paragraph A.l of
this Section (for fossil fuel fired steam -

for an-altcrnate.procedure to comply: with
the requirements of this Section.

F. Exemptioas.- fro-urMo-mmu
Requirements :

Whenever the nqununem: for continuous
opacily monitoringwcannot be im-
plemented by the owner-or operator duc to
physical plant limitations, extreme
economic - burden,.-ror-:infrequent  steam
generator operxtion of -less than 30 days
per year:or when the specified monitoring

generators) shall conform with the ‘per~+procedure-~woukd -not : provide- sccurate
formance specifications set forth in 40° ' opscity determinations. -alternate monitor-

CFR. Part 60, Appendix B, Performance ~ing and.

may--be -

-feposting -tequirements:
Spec:ﬁuuon 1 as revised July I, '1986,:: .approved on:s' case-by~case-basis provided

which is incorporated by reference as.a
part of this Standard except

the vwner-or-operator -submits & written

that vhav—mwthebeparmwntvhndlmduda

the term “Administrator” is used the term_~but.is aot- limited toc
“Department” shall be substituted..In ad- ' L.“The-basis of ::uan(:) tlut lltmme :

dition, the opacity monitoring system(s)
shail complete a minimum of one.cycle of ..
operation for each successive 10-second

period: be installed such that representa-~ -

tive measurements of opacity from -the -
affected steam generator are obtsined: -
and have an instrument span of lpptul-
mately 80 percent opacity. -

The owner or operatof shall recard the -
zero and span drift in accordance with the

method prescribed by the manufacturer of .
such opacity monitoring system(s); sub---

ject the system(s) to the manufacturer’s
recommended zero and span check at jeast
once daily uniess the manufacturer has

recommended adjustments at shorter in--

tervals, in which case such recommenda-
tions shall be followed; adjust the zero and
span whenever the 24-hour zere drift or
24-hour calibration drift limits of 40 CFR,
Part 60. Appendix B, Performance Speci-
fication | as revised July 1, 1986 are
exceeded; adjust the opacity monitaring

" system(s} purchesed prior to September

11, 1974 whenever the 24-hour zero drift

or 24-hour calibration drift exceeds 4 per-

cent opacity for those . generators:- con-
structed prior to February 11, 1971 and 2
percent opacity for those generators con-
structed after February 11, 1971.

The monitoring systems must be ap-
proved by this agency prior to installation.

E. Monitor Location

When the effluents from two or more
affected steam generators of similar design
and operating characteristics are combined
before being releasod 1o the atmosphere,
the opacity monitoring system(s) shall be
installed on the combined effluent. When
the affected stcam generators are not of
similar design and operating
characteristics, or when the effluent from
one affected steam generator is released to
the atmospherc through morc than one
point, the owner or operator shall apply

‘requirements- are aecessary; -

2. A proposal-¢f the tltenme monitor-
ing and reporting requirements: and.

1. Any-other information needed by the
. Department to make & determination that

~the altcrnate requircments-are adequate to
. meet-the i -teut of this_Section. .

...........

SECI'ION v -——-EXEMI’!‘IONS
The following mmﬂmpt
-from the: provitions of this.standard:
A. Residences of fourfamilics or less. .
B.Ocean-going vesscls- actuslly engaged
in the physical process.of astional or inter- -
" national trade or defmc... .

SECTION VI — PE!IOD!C TESTING

Scheduled periodictests for particulate
matter emissions will berequired of the
sources listed below every two years, or as
required by permit conditions 1o demon-
strate compliance - with - this Standard.
Compliance with suifur dioxide will be by
source testing. continuous-monitoring, or
fuel analysis as required by the permit
conditions.

A. Qil-fired boilers greater than 250 X
10* BTU/hr. rated input. .

B. Coal-fired boilers greater than 50 X
10* BTU/hkr. rated input.. -

C.. Woodwaste. or.combination wood-
waste boilers greater- than 20 x |0
BTU/hr. rated input. .

SECTION VII —- SOURCE TEST
REQUIREMENTS

A. The owner or operator required to
compty with Section VI above shall con-
duct such tests as required by the Depart-
ment in order 10 demonstrate compliance
with this Standard. The test methods and
procedures used shall be approved EPA
test methods or such alternative methods
as approved by the Deptnmenr prior to
lesting.

Tests shall be condncted while the
source is operating at.the expected maxi-
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mum production rate or other production
rate or operating conditions which would
result in the highest emissions. Any pro-
duction rate less than rated capecity may
result in production limitations on the
permits.

All tests shall be made by, or under the
direction of, a person qualified by training
and/or experience n the field of air potlu-
tion testing.

B. Any source owner or operator pro-
posing to conduct tests in accordance with
paragraph A. above shall notify the De-
partment in the manner set forth below of
the intent to test, not less than two weeks
before the propesed initiation of the tests
so the Deparument may observe the test if
it desires to do so.

Notification shall include the following
minimum information:

1. the purpose of the proposed test.

2. a description of the source to be
tested.

3. a description of the test procedures,
equipment, and sampling sites.

POLLUTANT

Sulfur Dioxide

Total Suspended Particulates

MMy
Carbon Monoxide
Ozone

Gaseous Fluorides
(as HF)

Nitregen Dioxide

Lead

4. a imetable, setting forth the dates on
which the testing wiil be started and
concluded.

C. The finat test reports must be submit-
ted no later than 30 days after completion
of on-site testing, containing as a mini-
mum. the follawing supporting
information:

I. process weight rates (Ib/hr).

2. process design and load rates at
which the test was conducted.

3. procedure used for determining pro-
cess weight rates.

4. calculations used to determine pro-
cess weight rates.

5. signature of responsible company
official.

D. The owner or operator proposing 8
source test under the provisions of this
section shail be responsible for providing:

i. sampling ports, pipes. lines, or appur-
tenances for the cotlection of sampies and
data required by the test procedure.

2. safe access to the sampie and data

collection locations. used; " o2 v e e oo
MEASURING MICROGRAMS .PER. CUBIC. METER: ..
INTERVAL UNLESS NOTED OTEERWESE (1)(2) i
3 hour oa(a)y = o Y
24 hours 365(4) . : R,
annual 2 80. .. ...

Annual Geometric
Mean

24 hours
annual

1 hour
8 hour

1 hour

12 hr. avg.
24 hr. avg.
1 wk. avg.
1 mo. avg.

annual

Calendar Quarterly
Mean

3. light. electricity, and-othes:atilities
required for sampie and data coliection. -

E. Any proposed deviations from the
procedures and requirements. stated above
must be thoroughly expigined and must be
approved by this Department prior 10 test-
ing. Failure 1o observe-any of these proce-
dures or requirements may be grounds for
not accepting the tests.

STANDARD NO. 1 K

AMBIENT "AIR QUALITY STAN-

DARDS -

The following table constitutes the am-
bient air quaiity standards for the State of
South Caroline-The analytical methods to
be used will be those applicable Federal
Refenmu: Methods published-in 40 CFR

50. Appendices. A-H as-revised-July 1.
|986 In the case of fluorides either-the
double - paper — tape + sampler-= methods
(ASTM D-3266-79) 'or-the sodiem bicar-~
bonate-coated glass tube and. particulate

filter method (ASTM D-3268-78) may be -

40 mg:per cuhicmptar -
10° mg pet cubic*mter—

(1) Arithmetic Average except in case of total suspended particulate matter -
(2) At 25° C and 760 mm Hg.
(3) Attainment determinations will be made based on the criteria contamecl

in Appendices H and K,

40 CFR SO, July 1, 1987.

(4) Not to be exceeded more than once a year.

Environmem Reporter
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FEDERAL REGULATIONS

cach year, the number of days with maxi-
mum hourly concentrations above 0.12
ppm is determined and this number is av-
craged with the results of previous years.
As long as this average remains “less than
or equal to 1,” the area is in compliance.

3. Estimating the Number of Ex-
ceedances for a Year

In general, 2 valid daily maximum
hourly average value may not be available
for each day of the year, and it will be
necessary 10 account for these missing val-
ues when estimating the number of ex-
ceedances for a particular calendar year,
The purpose of these computations is to
determine if the expected number of ex-
ceedances per year is less than or equal to
1. Thus, if a site has two or more observed
exceedances each year, the standard is
not met and it is not necessary to use the
procedures of this section to account for
incomplete sampling.

The term “missing value” is used here
in the generai sense to describe all days
that do not have an associated ozone mea-
surement. In some cases. a measurement
might actually have been missed but in
other cases no measurcment may have
been scheduled for that day. A daily max-
imum ozone value is defined to be the
highest hourly ozone value recorded for
the day. This daily maximum value is con-
sidered to be valid if 75 percent of the
hours from 9:01 a.m. to 9:00 p.m. (LST)
were measured or if the highest hour is
greater than the level of the standard.

In some areas, the seasonal pattern of
ozone is so pronounced that entire months
nced not be sampled because it is ex-
tremely unlikely that the standard would
be exceeded. Any such waiver of the
ozone monitoring requirement would be
handled under provisions of 40 CFR Part
58. Some allowance should also be made
for days for which valid daily maximum
hourly values were not obtained but
which would quite likely have been below
the standard. Such an allowance in-
troduces a complication in that it becomes
necessary to define under what conditions
a missing value may be assumed to have
been less than the level of the standard.
The following criterion may be used for
ozone:

A missing daily maximum ozone value
may be assumed to be less than the level
of the standard if the vaiid daily maxima
on both the preceding day and the follow-
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ing day do not exceed 75 percent of the
level of the standard.

Let z denote the number of missing dai-
ty maximum values that may be assumed
1o be less than the standard. Then the
following formula shall be used to esti-
mate the expected number of exceedances
for the year:

=v + [(v/n)}B(N-n-z)] 8D

(*Indicates multiplication.)

where:

e=the estimated number of ex-

cecdances for the year,

N=the number of required monitoring

days in the year,

n=the number of valid daily maxima.

v=the number of daily values above the

level of the standard, and

z=the number of days assumed to be

less than the standard level.

This estimated number of exceedances
shall be rounded to one decimal place
(fractional parts equal to 0.05 round up).

It should be noted that N will be the
total number of days in the year unless
the appropriate Regional Administrator
has granted a waiver under the provisions
of 40 CFR Part 58.

The above cquation may be interpreted
intuitively in the following manner. The
estimated number of exceedances is equal
to the observed number of exceedances
{v) plus an increment that accounts for
incomplete sampling. There were {(N-n)
missing values for the year but a certain
number of these, namely z, were assumed
10 be less than the standard. Therefore,
{N-n-2) missing values are considered to
include possible exceedances. The frac-
tion of measured values that are above the
level of the standard is v/n. It is assumed
that this same fraction applies to the (N-
n-z) missing values and that (v/n)*(N-n-
z) of these values would also have exceed-
ed the level of the standard.

[Appendix H added at 44 FR 8220, Feb.
8. 1979)

APPENDIX [—[Reserved]

APPENDIX J TO PART 50—REFERENCE
METHOD FOR THE DETERMINATION
OF PARTICULATE MATTER AS PMjg
IN THE ATMOSPHERE
1.0 Applicability.
1.1 This method provides for the mea-
surement of the mass concentration of

Environmaent Reporter
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particulate matter with an aerodynamic
diameter less than or equal 10 a nominal
10 micrometers {PMig) in ambient air
over a 24-hour period for purposes of de-
termining attainment and maintenance of
the primary and secondary national ambi-
ent air quality standards for particulate
matter specified in §50.6 of this chapter.
The measurement process is nondestruc-
tive, and the PM,p sampie can be subject-
ed to subsequent physical or chemical
analyses. Quality assurance procedures
and guidance are provided in part 58, ap-
pendices A and B, of this chapter and in
References | and 2.

2.0 Principle.

2.1 An air sampler draws ambient air
at a constant flow rate into a specially
shaped iniet where the suspended particu-
late matter is inertially separated into one
or more size fractions within the PMio
size range. Each size fraction in the PMo
size range is then collected on a separate
filter over the specified sampling period.
The particle size discrimination charac-
teristics (sampling effectiveness and 50
percent cutpoint) of the sampler inlet are
prescribed as performance specifications
in part 53 of this chapter.

2.2 Each filter is weighed (after mois-
ture equilibration) before and after vse to
determine the net weight (mass) gain due
to collected PM 0. The total volume of air
sampled, corrected to EPA reference con-
ditions (25°C, 101.3 kPa), is determined
from the measured flow rate and the sam-
pling time. The mass concentration of
PMyp in the ambient air is computed as
the total mass of collccted particles in the
PM, size range divided by the volume of
air sampled, and is expressed in micro-
grams per standard cubic meter (ug/std
m?). For PM;o samples collected at tem-
peratures and pressures significantly dif-
ferent from EPA reference conditions,
these corrected concentrations sometimes
differ substantially from actual concentra-
tions (in micrograms per actual cubic me-
ter), particularly at high clevations. Al-
though not required, the actual PM;o con-
centration can be caiculated from the
corrected concentration, using the aver-
age ambient temperature and barometric
pressure during the sampiling period.

2.3 A methed based on this principle
will be considered a reference method on-
ly if (a) the associated sampler meets the
requirements. specified in this appcnd[x
and the requirements in part 53 of this

[Part 50, Appendix J]
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chapter, and (b) the method has been des-
ignated as a reference method in accor-
dance with part 53 of this chapter.

3.0 Range.

3.1 The lower limit of the mass concen-
tration range is determined by the repeat-
ability of filter tare weights, assuming the
nominal air sampie volume for the sam-
pler. For samplers having an automatic
filterchanging mechanism, there thay be
no upper limit. For samplers that do not
have an automatic filterchanging mecha-
nism, the upper limit is determined by the
filter mass loading beyond which the sam-
pier no longer maintains the operating
flow rate within specified limits due to in-
creased pressure drop across the loaded
filter. This upper limit cannot be specified
precisely because it is a complex function
of the ambient particie size distribution
and type, humidity, filter type, and per-
haps other factors. Nevertheless, all sam-
plers shouid be capable of measuring 24-
hour PM;o mass concentrations of at least
300 ug/std m* while maintaining the op-
crating flow rate within the specified lim-
its.

4.0 Precision.

4.1 The precision of PM o samplers
must be 5 ug/m?* for PMio concentrations
below 80 pg/m’ and 7 percent for
PM cconcentrations above 80 ug/m?, as
required by Part 53 of this chapter, which
prescribes a2 test procedure that deter-
mines the variation in the PMjo concen-
tration measurements of identical sam-
plers under typical sampling conditions.
Continual assessment of precision via col-
located samplers is required by Pan 58 of
this chapter for PM,o samplers used in
certain monitoring networks.

5.0 Accuracy.

5.1 Because the size of the particles
making up ambicnt particulate matter
varies over a wide range and the concen-
tration of particles varies with particle
size, it is difficult to define the absolute
accuracy of PMp samplers. Part 53 of
this chapter provides a specification for
the sampling cffectiveness of PMjo sam-
plers. This specification requires that the
cxpected mass concentration calculated
for a candidate PM o sampler, when sam-
pling a specified particle size distribution,
be within + 10 percent of that calcuiated
for an ideal sampler whose sampling cf-
fectiveness is explicitly specified. Also. the
particle size for 50 percent sampiing ef-
fectivensss is required to be 10 + 0.5 mi-
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crometers. Other specifications related to
accuracy apply to flow measurement and
calibration, filter media, analytical
(weighing) procedures. and artifact. The
flow rate accuracy of PM,o samplers used
in certain monitoring networks is required
by Part 58 of this chapter to be assessed
periodically via flow rate audits.

6.0 Potential Sources of Error.

6.1 Volatile Particles. Volatile particles
coliected on filters are often lost during
shipment and/or storage of the filters
prior to the post-sampling weighing?. Al-
though shipment or storage of loaded fil-
ters is sometimes unavoidable, filters
should be reweighed as soon as practical
to minimize thesc iosses.

6.2 Artifacts. Positive errors in PMyo
concentration measurements may result
from retention of gaseous species on fil-
ters* 5. Such errors include the retention
of sulfur dioxide and nitric acid. Reten-
tion of sulfur dioxide on filters, foliowed
by oxidation to sulfate, is referred to as
artifact sulfate formation, a phenomenon
which increases with increasing filter al-
kalinity®. Little or no artifact sulfate for-
mation should occur using filters that
meet the alkalinity specification in section
7.2.4. Artifact nitrate formation, resulting
primarily from retention of nitric acid, oc-
curs to varying degrees on many filter
types. including glass fiber, cellulose ester,
and many quartz fiber filters® 7 & 9 10,
Loss of true atmospheric particulate ni-
trate during or following sampling may
also occur due to dissociation or chemical
reaction. This phenomenon has been ob-
served on Teflon® filters® and inferred for
quartz fiber filters'l- 12. The magnitude of
nitrate artifact errors in PMio mass con-
centration measurements will vary with
location and ambient temperature; how-
ever, for most sampling locations, these
errors are expected to be small.

6.3 Humidity. The effects of ambient
humidity on the sampie arc unavoidable.
The filter equilibration procedure in sec-
tion 9.0 is designed 10 minimize the ef-
fects of moisture on the filter medium.

6.4 Filter Handling. Careful handiing
of filters between presampling and post-
sampling weighings is necessary to avoid
errors due to damaged filters or loss of
collected particies from the filters. Use of
a filter cartridge or cassette may reduce
the magnitude of these errors. Filters
must also meet the integrity specification
in section 7.2.3.
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6.5 Flow Rate Variation. Variations in
the sampier’s operating flow rate may al-
ter the particle size discrimination charac-
teristics of the sampler inlet. The magni-
tude of this error will depend on the sensi-
tivity of the inlet to variations in flow rate
and on the particle distribution in the at-
mosphere during the sampling period.
The use of a flow control device (section
7.1.3) is required to minimize this error.

6.6 Air Volume Determination. Errors
in the air volume determination may re-
sult from errors in the flow rate and/or
sampling time measurements. The flow
control device serves to minimize errors in
the flow rate determination, and an
clapsed time meter (section 7.1.5) is re-
quired to minimize the error in the sam-
pling time measurement.

1.0 Apparatus.

7.1 PM\y Sampler.

7.1.1 The sampier shall be designed to:

a. Draw the air sample into the sampier
inlet and through the particle collection
filter at a uniform face velocity.

b. Hold and seal the filter in a horizon-
tal position so that sample air is drawn
downward through the filter.

¢. Allow the filter to be installed and
removed conveniently,

d. Protect the filter and sampler from
precipitation and prevent insects and oth-
cr debris from being sampled.

¢. Minimize air ieaks that would cause
error in the measurement of the air vol-
ume passing through the filter.

f. Discharge exhaust air at a sufficient
distance from the sampier inlet to mini-
mize the sampling of exhaust air.

g. Minimize the collection of dust from
the supporting surface.

7.1.2 The sampler shall have a sample
air inlet system that, when operated with-
in a specified flow ratc range, provides
particle size discrimination characteristics
meeting all of the applicable performance
specifications prescribed in part 53 of this
chapter. The sampler inlet shall show no
significant wind direction dependence.
The latter requirement can generaliy be
satisfied by an inict shape that is circular-
ly symmetrical about a vertical axis.

7.1.3 The sampler shall have a flew con-
trol device capable of maintaining the
sampler’s operating flow rate within the
flow rate limits specified for the sampier
inlet over normal variations in line voitage
and filter pressure drop.
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7.1.4 The sampier shail provide a
means to measure the total flow rate dur-
ing the sampiing period. A continuous
flow recorder is recommended but not re-
quired. The flow measurement device
shall be accurate to +2 percent.

7.1.5 A timing/control device capabie
of starting and stopping the sampler shall
be used to obtain a sample collection peri-
od of 24 = | hr (1,440 = 60 min). An
clapsed time meter, accurate to within x
15 minutes, shall be used to measure sam-
pling time. This meter is optional for sam-
plers with continuous flow recorders if the
sampling time measurement obtained by
means of the recorder meets the *+ 15
minute accuracy specification.

7.1.6 The sampler shall have an associ-
ated opcration or instruction manual as
required by part 53 of this chapter which
includes detaiied instructions on the cali-
bration, operation, and maintenance of
the sampler.

7.2 Filters.

7.2.1 Filter Medium. No commercially
available flter medium is ideal in all re-
spects for all samplers. The user’s goals in
sampling dectermine the relative impor-
tance of various filter characteristics (e.g.,
cost, casc of handling, physical and chem-
ical characteristics, etc.) and, consequent-
ly, determine the choice among accept-
able Riters. Furthermore, certain types of
filters may not be suitable for use with
some samplers, particularly under heavy
loading conditions (high mass concentra-
tions), because of high or rapid increase
in the filter flow resistance that wouid ex-
ceed the capability of the sampler’s flow
control device. However, sampiers
equipped with automatic filter-changing
mechanisms may allow use of these types
of filters. The specifications given below
are minimum requirements to cnsurc ac-
ceptability of the filter medium for mea-
surement of PMi¢ mass concentrations.
Other filter evaluation criteria should be
considered to meet individual sampling
and analysis objectives.

7.2.2 Collection Efficiency.+ 99 per-
cent, as measured by the DOP test
(ASTM-2986) with 0.3 um particles at
the sampiler's operating face velocity.

7.2.3 Integrity. +5 ug/m’ {(assuming
sampier’s nominal 24-hour air sampie vol-
ume). Integrity is measured as the PMo
concentration equivaient corresponding to
the average difference between the initiai
and the final weights of a random sampie
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of test filters that are weighed and han-
died under actual or simulated sampling
conditions, but have no air sample passed
through them (i.c., filter blanks). As a
minimum, the test procedure must in-
¢clude initial equilibration and weighing,
installation on an inoperative sampier, re-
moval from the sampler, and final equili-
bration and weighing.

7.2.4 Alkalinity. <25 microe-
quivalents/gram of filter, as measured by
the procedure given in Reference 13 fol-
lowing at least. two months storage in a
clean environment (free from contamina-
tion by acidic gases) at room temperature
and humidity.

7.3 Flow Rate Transfer Standard. The
flow rate transfer standard must be suit-
able for the sampler’s operating flow rate
and must be calibrated against a primary
flow or volume standard that is traceable
to the National Bureau of Standards
(NBS). The flow rate transfer standard
must be capable of measuring the sam-
pler's operating flow rate with an accura-
cy of + 2 percent.

7.4 Filter Conditioning Environment.

7.4.1 Temperature range: 15° to 30°C.

7.4.2 Temperature control: +3°C.

7.4.3 Humidity range: 20% to 45% RH.

7.4.4 Humidity control: * 5% RH.

7.5 Analytical Balance, The analytical
baiance must be suitable for weighing the
type and size of filters required by the
sampler. The range and sensitivity re-
quired will depend on the filter tare
weights and mass loadings. Typically, an
analytical balance with a sensitivity of 0.1
mg is required for high volume samplers
(flow rates >0.5 m3/min). Lower volume
samplers (flow rates > 0.5 m3/min) will
require a more sensitive balance.

8.0 Calibration.

8.1 General Requirements.

8.1.1 Calibration of the sampler's flow
measurement device is required to estab-
lish traceability of subsequent flow mea-
surcements to a primary standard. A flow
rate transfer standard calibrated against a
primary flow or volume standard shall be
used to calibrate or verify the accuracy of
the sampler's flow measurement device.

8.1.2 Particie size discrimination by in-
crtial separation requires that specific air
velocities be maintained in the sampler's
air inlet system. Therefore, the flow rate
through the sampier's iniet must be main-
tained throughout the sampling period
within the design flow rate range specified
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by the manufacturer. Design flow rates
are specified as actual volumetric Row
rates, measured at existing conditions of
temperature and pressure {Q,). In con-
trast, mass concentrations of PM;q are
computed using flow rates corrected to
EPA reference conditions of temperature
and pressure (Qua)-

8.2 Flow Rate Calibration Procedure.

8.2.1 PMyo samplers employ various
types of flow control and flow measure-
ment devices. The specific procedure used
for flow rate calibration or verification
will vary depending on the type of flow
controiler and flow indicator employed.
Calibration in terms of actual volumetric
fiow rates (Q,) is generally recommended,
but other measures of flow rate (e.g., Quq)
may be used provided the requirements of
section 8.1 are met. The general proce-
dure given herc is based on actual voiu-
metric flow units (Q,) and serves to illus-
trate the steps involved in the calibration
of a PM;¢ sampler. Consult the sampler
manufacturer’s instruction manual and
Reference 2 for specific guidance on cali-
bration. Reference 14 provides additionai
information on the use of the commonly
used measures of flow rate and their inter-
relationships.

8.2.2 Calibrate the flow rate transfer
standard against a primary flow or vol-
ume standard traceable to NBS. Establish
a calibration relationship (e.g., an cqua-
tion or family of curves) such that tracea-
bility to the primary standard is accurate
to within 2 percent aver the expected
range of ambient conditions {i.c., temper-
atures and pressures) under which the
transfer standard wili be used. Re-
calibrate the transfer standard periodical-
ly. ‘
y3.2.3 Following the sampier manufac-
turer's instruction manual, remove the
sampler iniet and connect the flow rate
transfer standard to the sampier such that
the transfer standard accurately measures
the sampler’s flow rate. Make sure there
are no leaks between the tranmsfer stan-
dard and the sampier.

8.2.4 Choose a minimum of three flow
rates (actual m*/min), spaced over the
acceptable flow rate range specified for
the inlet (see 7.1.2) that can be obtained
by suitable adjustment of the sampler
flow rate. In accordance with the sampier
manufacturer’s instruction manual, ob-
tain or verify the calibration reiationship
between the flow rate (actual m3/min} as
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indicated by the transfer standard and the
sampler’s flow indicator response. Record
the ambient temperature and barometric
pressure. Temperature and pressure cor-
rections to subsequent flow indicator read-
ings may be required for certain types of
flow measurement devices. When such
cofrections are necessary, correction on
an individual or daily basis is preferable.
However, secasonal average temperature
and average barometric pressure for the
sampling site may be incorporated into
the sampler calibration to avoid daily cor-
rections. Consult the sampler manufac-
turer's instruction manual and Reference
2 for additional guidance.

8.2.5 Following calibration, verify that
the sampler is operating at its design fiow
rate {actual m*/min) with a clean filter in
place.

8.2.6 Replace the sampler inlet.

9.0 Procedure.

9.1 The sampler shali be operated in
accordance with the specific guidance pro-
vided in the sampier manufacturer’s in-
struction manual and in Reference 2. The
general procedure given here assumes
that the sampler's flow rate calibration is
based on flow rates at ambient conditions
{Qs) and serves to illustrate the steps in-
volved in the operation of a PMip sam-
pler.

9.2 Inspect each filter for pinholes, par-
ticles, and other imperfections. Establish
a filter information record and assign an
identification number to each filter.

9.3 Equilibrate each filter in the condi-
tioning environment (see 7.4) for at least
24 hours.

9.4 Following equilibration, weigh each
filter and record the presampling weight
with the filter identification number.

9.5 Install a preweighed filter in the
sampler following the instructions provid-
ed in the sampler manufacturer’s instruc-
tion manual.

9.6 Turn on the sampler and allow it to
establish .run-temperature conditions.
Record the flow indicator reading and. if
needed, the ambient temperature and bar-
ometric pressure. Determine the sampler
flow rate (actual m?/min) in accordance
with the instructions provided in the sam-
pler manufacturer’s instruction manual.
NOTE.—No onsite temperature or pres-
sure measurements are necessary if the
sampler’s flow indicator does not require
temperature or pressurc corrections or if
seasonal average temperature and aver-
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age barometric pressure for the sampling
site are incorporated into the sampler cali-
bration (sce step 8.2.4). If individual or
daily temperature and pressure correc-
tions are required, ambient temperature
and barometric pressure can be obtained
by on-site measurements or from a nearby
weather station. Barometric pressure
readings obtained from airports must be
station pressure, not corrected to sea iev-
el, and may need to be corrected for dif-
ferences in clevation between the sam-
pling site and the airport.

9.7 If the flow rate is outside the ac-
ceptable range specified by the manufac-
turer, check for leaks, and if necessary,
adjust the flow rate to the specified
setpoint. Stop the sampier.

9.8 Set the timer 1o start and stop the
sampler at appropriate times. Set the
clapsed time meter to zero or record the
initial meter reading.

9.9 Record the sample information (site
location or identification number, sample
date, filter identification number, and
sampler model and serial number).

9.10 Sample for 24 + | hours.

9.11 Determine and record the average
flow rate (Q,) in actual m?/min for the
sampling period in accordance with the
instructions provided in the sampier man-
ufacturer’s instruction manual. Record
the clapsed time meter final reading and,
if nceded, the average ambient tempera-
ture and barometric pressure for the sam-
pling period (see note following step 9.6).

9.12 Carefully remove the filter from
the sampler, following the sampler manu-
facturer’s instruction manual. Touch only
the outer edges of the filter.

9.13 Place the filter in a protective
holder or container {e.g., petri dish, glass-
ine envelope, or manila folder).

9.14 Record any factors such as meteo-
rological conditions, construction activity,
fires or dust storms, etc., that might be
pertinent to the measurement on the filter
information record.

9.15 Transport the exposed sample fil-
ter to the filter conditioning environment
as soon as possible for equilibration and
subsequent weighing.

9.16 Equilibrate the exposed filter in
the conditioning environment for at least
24 hours under the same temperature and
humidity conditions used for presampling
filter equilibration (see 9.3).

9.17 Immediately after equilibration,
reweigh the filter and record the post-
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sampling weight with the filter identifica-
tion number.

10.0 Sampler Maintenance.

10.1 The PM,¢ sampler shall be main-
tained in strict accordance with the main-
tenance procedures specified in the sam-
pler manufacturer’s instruction manuat.

11.0 Calculations.

11.1 Calculate the average flow rate
over the sampling period corrected to
EPA reference conditions as Qug. When
the sampler's flow indicator is calibrated
in actual volumetric units (Q,), Qua is cal-
cuiated as:

Qua = Qy X (Pn/Tnv)(Tnd/ Pnd)
_ where
Qua=average flow rate at EPA reference
conditions, std m?/min;
Q,=average flow rate at ambient condi-
tions, m*/min;
Py,v=average barometric pressure during
the sampling period or average baromet-
ric pressure for the sampling site, kPa (or
mm Hg);
Tw=average ambicnt temperature during
the sampling period or scasonal average
ambient temperature for the sampling
site, K;
Tae=standard temperature, defined as
298 K;
P.=standard pressure, defined as 101.3
kPa (or 760 mm Hg).

11.2 Calculate the total volume of air
sampled as:

Vid = Quat

where
Vaa=total air sampled in standard volume
units, std m3;
t=sampling time, min.

11.3 Calculate the PM ¢ concentration
as:

PMig = (Wr- W) X 10%/Veq

where
PMo =mass concentration of PMjg,
ug/std m%;
Wy, Wi=final and initial weights of filter
collecting PM oparticles, g;
10%=conversion of g to ug.
NOTE: If more than one size fraction in the PMio
size range is collected by the sampler, the sum of
the nect weight gain by cach collection flter
[ES(WeW))] is used to calculate the PMio mass
cancentration.

12.0 References. )

1. Quality Assurance Handbook for Air
Pollution Measurement Systems, Volume
I, Principles. EPA-600/9-76-005, March

[Part §0, Appendix J]

Copyright © 1992 by The Bureau of Naticnal Aftairs, Inc. 69



120:0166

FEDERAL REGULATIONS

1976. Available from CERI, ORD Pubii-
cations, U.S. Environmental Protection
Agency, 26 West 5t. Clair Street, Cincin-
nati, OH 45268.

2. Quality Assurance Handbook for Air
Pollution Mecasurement Systems, Volume
11, Ambient Air Specific Methods. EPA-
600/4-77-027a, May 1977. Available
from CERI, ORD Publications, U.S. En-
vironmentai Protection Agency, 26 West
St. Clair Street, Cincinnati, OH 45268.

3. Clement, R.E., and F.W, Karasek.
Sample Composition Changes in Sam-
pling and Analysis of Organic Com-
pounds in Acrosols. Int. J. Environ.
Analyt. Chem., 7:109, 1979.

4. Lee, R.EE, Jr, and J. Wagman. A
Sampling Anomaly in the Determination
of Atmospheric Sulfate Concentration.
Amer. Ind. Hyg. Assoc. J., 27:266, 1966.

5. Appel, B.R., S.M. Wall, Y. Tokiwa,
and M. Haik. Interference Effects in
Sampling Particulate Nitrate in Ambient
Air, Atmos. Environ., 13:319, 1979.

6. Coutant, R.W. Effect of Environ-
mental Yariables on Collection of Atmo-
spheric Sulfate. Environ. Sci. Technol.,
11:873, 1977.

7. Spicer, C.W., and P. Schumacher.
Interference in Sampling Atmospheric
Particulate Nitrate. Atmos. Environ.,
11:873, 1977.

8. Appel, B.R., Y. Tokiwa, and M. Ha-
ik. Sampling of Nitrates in Ambient Air.
Atmos. Environ., 15:283, 1981.

9. Spicer, C.W,, and P.M. Schumacher.
Particulate Nitrate: Laboratory and Field
Studies of Major Sampling Interferences.
Atmos. Environ., 13:543, 1979.

10. Appel, B.R. Letter to Larry Pur-
due, U.S. EPA, Environmental Monitor-
ing and Support Laboratory. March {8,
1982, Docket No. A-82-37, 11-I-1.

11. Pierson, W.R., W.W. Brachaczek,
T.J. Korniski, T.J. Truex, and J.W. But-
ler. Artifact Formation of Sulfate, Ni-
trate, and Hydrogen Ion on Backup Fil-
ters: Allegheny Mountain Experiment. J.
Air Pollut. Control Assoc., 30:30, 1980.

12. Dunwoody, C.L. Rapid Nitrate
Loss From PMig Filters. J. Air Pollut.
Control Assoc., 36:817, 1986.

13. Harrell, R.M. Measuring the Alka-
linity of Hi-Vol Air Filters. EMSL/RTP-
SOP-QAD-534, October 1985. Available
from the U.S. Environmental Protection
Agency, EMSL/QAD, Research Trian-
gle Park, NC 27711,

10-16-92

i4. Smith, F., P.S. Wohischlegel,
R.S.C. Rogers, and D.J. Mulligan. Inves-
tigation of Flow Rate Calibration Proce-
dures Associated With the High Volume
Method for Determination of Suspended
Particulates. EPA-600/4-78-047, U.S.
Environmental Protection Agency, Re-
search Triangle Park, NC 27711, 1978.

[Appendix J added at 52 FR 24663, July
1. 1987; amended at 52 FR 29467, Aug.
7, 1987]

APPENDIX K TO PART 50—INTERPRETA-
TION OF THE NATIONAL AMBIENT
AIR QUALITY STANDARDS FOR PAR-
TICULATE MATTER

1.0 General.

This appendix explains the computa-
tions necessary for analyzing particulate
matter data to determine attainment of
the 24-hour and annuai standards speci-
fied in 40 CFR 50.6. For the primary and
secondary standards, particulate matter is
measured in the ambient air as PMjq
(particles with an aecrodynamic diameter
less than or equal to a nominal 10 mi-
crometers) by a reference method based
on Appendix J of this part and designated
in accordance with part 53 of this chapter,
or by an equivalent method designated in
accordance with part 53 of this chapter.
The required frequency of measurements
is specified in part 58 of this chapter.

Several terms used throughout this ap-
pendix must be defined. A “daily value”
for PMy¢ refers to the 24-hour average
concentration of PMyg calculated or mea-
sured from midnight to midnight (local
time). The term “exceedance” means a
daily value that is above the level of the
24-hour standard after rounding to the
nearest 10 ug/m3 (i.e., values ending in §
or greater are to be rounded up). The
term “average™ refers to an arithmetic
mean. All particulate matter standards
are expressed in terms of expected annual
values: expected number of excecdances
per year for the 24-hour standards and
expected annual arithmetic mean for the
annual standards. The “expected annual
value” is the number approached when
the annual values from an increasing
number of years are averaged, in the ab-
sence of long-term trends in emissions or
meteorological conditions. The term
“year” refers to a calendar year.

Although the discussion in this appen-
dix focuses on monitored data, the same
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principles apply to modeling data, subject
to EPA modeling guidelines.

2.0 Attainment Determinations.

2.1 24-Hour Primary and Secondary
Standards.

Under 40 CFR 50.6(a) the 24-hour pri-
mary and secondary standards are at-
tained when the expected number of ex-
ceedances per year at each monitoring
site is less than or equal to one. In the
simplest case, the number of expected ex-
ceedances at a site is determined by re-
cording the number of exceedances in
each calendar year and then averaging
them over the past 3 calendar years. Situ-
ations in which 3 years of data are not
available and possible adjustments for un-
usual events or trends are discussed in
Sections 2.3 and 2.4. Further, when data
for a year are incomplete, it is necessary
to compute an estimated number of ex-
ceedances for that year by adjusting the
observed number of exceedances. This
procedure, performed by calendar quar-
ter, is described in Section 3. The expect-
ed number of exceedances is then estimat-
ed by averaging the individual annual es-
timates for the past 3 years.

The comparison with the allowable ex-
pected exceedance rate of one per year is

_ made in terms of a number rounded to the

necarest tenth (fractional values equal to
or greater than 0.05 are to be rounded up;
e.g., an exceedance rate of 1.05 would be
rounded to 1.1, which is the lowest rate
for nonattainment).

2.2 Annual Primary and Secondary
Standards.

Under 40 CFR 50.6(b), the annual pri-
mary and secondary standards arc at-
tained when the expected annual arithme-
tic mean PMio concentration is less than
or equal to the level of the standard. In
the simplest case, the expected annual
arithmetic mean is determined by averag-
ing the annual arithmetic mean PMio
concentrations for the past 3 calendar
years. Because of the potential for incom-
picte data and the possible seasonality in
PM .o concentrations, the annual mean
shall be calculated by averaging the four
guarterly means of PMio concentrations
within the calendar year. The formulas
for calculating the annual arithmetic
mean are given in Section 4. Situations in

'which 3 years of data are not avaiiable

and possible adjustments for unusual
events or trends are discussed in Sections
2.3 and 2.4. The expected annual arith-
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ATTENTION!

1. Tao aveid an elecirical sheek, cdiscennect the 115 volt A.C. power prior to
performing any maintenance activities on the HVFM1C sampler.

2. Proper alignment of the Model 1200 Inlet halves is reqguired to maintain a
“proper seal. Check alignment pins and hctes for proper sezating pelcra
locking the inlet heek-catches.

3. Handling care and technique should be develcped to ensure the guanz fioer
fiter media is not damaged prior to or after a sample run’ (this media is
extremely brittle). A filter canridge is mandatery with ail ASI/GMW HVPM10
systems.

4, Because of the size of the PM10Q fracticnating infet, it is required that the sam-
pler be firmly anchored to the site piatform or a pailet. Mode! 2021 (PN
(G2021) accessory support feet are recommended.

5. The Model 1200 czllection shim must be checked routinely {or overicading.
Refer to Section 7.1 for procedures.

6. Adequate voltage is rrequired for HVPM10 sampiers equipped with mass flow
controllers. A minimum line voltage of 80 VAC is necessary to ensure praper
operation. Ground fault interrupters are recommended for all HYPM10

systems.
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Intraduzlian

On July 1, 1987, the U.S. Environmental Prctection Agency (U.S. EPA)
promuigated a new size-specific air quality standard (refer to Appendix A) for
ambient particulate matter. This new primary standard applies only to particles with
aerodynamic diameters smaller than, or equal to, 10 micrometers (PM10), and
replaces the original rules for total suspended particulate mattar (TSP). To
- measure concentrations of these particies, the EPA also promulgated a new
federal reference methad (FRM). This methad is based on the fractionaticn af
non-FM10 particles from ther size distribution, foilowed by filtration and gravimetric
analysis of PM10 mass on the filter substrate.

The new primary standard (adopted to pratect human health) limits PM10
concentrations to 150 micrograms per standard cubic meter (pg/std. m3) during a
24-hour period. It is believed that these smaller particles are able to reach the
lower regicns of the human respiratary tract, and thus be responsible for mast of
the adverse healith etffects associated with suspended particulate pollution. The
secandary standard, used to assass the impact of poliution on public welfare, has

alsoc been established 150 pg/std. mS3.
Andersen Samplers, Inc (ASIl) and General Metal Works (GMW) High

Volume PM10 (HVPM10) systems meet all FRM performance specifications for the
measurement of PM10 and hence, have been designated as an approved methed
for the determination of suspended PM10 particulate concentrations. Each
ASI/GMW HVPM10 sampier bears an identification label with an inlet-specific FRM
designation number. Table 1.1 presents a description of each inlet and its
respective designatien number.

Regardless ot the model of ASI/GMW inlet employed, the reference method
also requires that the measurement system be equipped with the fallowing
components:

A. Anodized aluminum high volume shelter identified as G8500,

8. PM1Q fractionating inlet identified as eithar Modef 1200, 321-8, or 321-C,

C. Either an acryionitrile-butadine styrene-plastic filter holder, motor housing
and 0.6 hp motor (Sierra-Andersen Product and available only upon
request), or a stainless-steel filter hcider and phenoiic plastic motor
hausing with a 0.6 hp motor (GMW product),



Tzhle 1.1 Ceschigticn ¢f ASI/CGMW SYEM10 Samcler inigts

REFERENCE METHCD
DESIGNATION and
MODEL NUMBER

RFPS-1287-063 ;
SR/G 1200 3

4.

RFPS-1287-064 ;
SA/G 321-8 3
4.

RFPS-1287-065
SA/G 321-C

Eall o S

INLET
DESCRIPTION

Single Accleration Nozzle Stage
9.7um, 50% cut point

Greased Collection Shim

Inlet Body Hinged for Cleaning

Two Accleration Nazzle Stages
8.7um, 50% Cut Point
Greased Collection Shim an first stage

Inlet lid Remavable for Cleaning

Single Accleration Nozzle Stage
8.7um, 50% Cut Pgint

Greased Collection Shim

Iniet lid Removable for Cleaning

Nate: An inlet ariginally purchased as Model 321
(single stage inlet without greased shim) or Model 321-A
(twa stage infet without greased shim) must be madified to meet
reference method designation. Please contact the factory.



D. Either an electronic mass f{low cr velumetric flow contrel system (Varizcs
and step-down transicrmers arz nct eligible flow centrel systems for
PM1Q sampiing),

E. Either z digita! timer/orcgrammer, saven-cay mechanical timer, six-day
timer/programmer, solid sizte timer/programmer, or elepsed time
indicater. .

F. Either 2 continucus flow reccrder or an alternate methed fer recorcing
operation flow rate (e.g., pre-and post flow checks).

It an HVPM10 sampler is nct equipped with a component frem each of the
above categories, data collected cannaot be directly or ultimately reported to the
U.S. EPA. If there are questicns regarding the authenticity of the monitoring
system, please contact the factary as soon as possible.

This document will address the recommended methods of operation for
ASI/GMW HVPM10 monitoring systems. The procedures presented herein are
within all quality assurance and operationai specifications required by the FAM,
compatibie with procedures presanted in the "Quality Assurance Handbook for Air
Pollution Measurement Systems, Volume Il, Section 2.11 and are specific (o
ASU/GMW systems.



2,1 Method Summary
The FRM describes in detail the perdormance reguirements for all PM10

samplers. The insirument must meet the basic reguiresments simplified in Taole
2.1. All ASI/GMW HVFM10 monitcring systems satisiy these criteria. Cnly particles
<10 um are drawn through the iniet and a ccnstiznt, controlied flow rate is
maintained by either 2 mass flow (MFC) cr velumetric flow centroller (VFC).
Particles are ccllected on a micro-quanz fiter filter that is equiliorated and weighed
befare (tare) and after (gross) sampling to determine the weight (net mass) gain cf
the sample. Sample duration is either controlled by a timer accurate to =15
minutes over a 24-hour sample period ¢r measured by an elapsed time indicatar.

To calculate the mass concentration of PM10, the total volume of air
sampled is determined from the measured actual tlow rate and the sampling time.
The concentration of PM10 in the ambient air is then ccmputed as the net mass
collected divided by the volume cf air sampled. Since the sampler is operated in
terms of actual or seasonal average canditions (to meet the design specificaticns of
the inlet), the operational flow rate (and thus, the sampie volume) must be cor-
rected to U.S. EFPA reference conditions (298°K, 760 mmHg) for data reporting.
Reported concentrations must be expressed as micregrams per standard cubic
meter (ug/std. m3).

As previously indicated, the Size-Selective Inlet (SSi) is the sampler
component that characterizes the reference method designation number af an
HVPM10 sampler. Since several madifications have occurred, the following brief
history of the evolution of the ASI/GMW SSI may be heipful.

The original SSiI's were developed by Dr. A.R. McFarland under an U.S.
EPA grant to meet a potential Inhalable Particulate standard. At that time, the U.S.
EPA proposed to reguiate only those particles with an aercdynamic diameter (a.d.)
of 15 um. After research and field studies, the U.S. EPA reconsidered this
particuiate indicator and decided that an indicator based on the concentration of
Thoracic Particulates (those particles that can be entrained in the respiratory
system, <10 um a.d.) provided a better indication of the potential heaith effects from

particuiate poilution.



Table 2.1 Fecerzl Reference Methad HVPM10 Performance Recuiraments

SPECIFICATION | PART NUMBERS
1. Draw a measured guantity of ambient SA/G 12C0
air through a specially designed, particle SA/G 321-B°
size discriminating inlet SA/G 321-C*

("no longer sold)

2. Maintain a constant flow rate within the SA350 / G310 (mass flow rate)
design specifications of the HVPM1CQ inlet @360 (velumetric flow rate)
3. Collect the sample on approved filter media GQMA (Micro-Fiber Quartz)
4. Have a timing control system within accuracy G70, G701, G78,G76i,
limits stipulated by the FRM. G302,G801,G38000

G201,G301R,G901,GS01R



Or. McFarland medified the single stage, 15 um (Model 320) SSI to obtain a
10 um cut pcint under funding frem ASI and this inlet was soid frem March, 1882
until Mzay, 184 under a Mcdeal 321 dasignation. Although the Madef 321 inlet met
all of the prevailing periormance sgecificaticns for PM1Q inlets, Dr. McFarland
develcped an improved SSi, the two stage Model 321-A. During subsequent U.S.
EPA field performance evaluations however, it was determined that a greasad
callection surface was required (within the SSI) to prevent a potential "carry-
through” of large particles (>20 um) at PM10 monitaring sites subject to high
concentration of wind-blown dust.

Later TAMU datz analysis determined that the of 10.2 um inlet cut point
(original design of Medel 321 and 321-A iniets) could be modified to a cut paint of
8.7 um by using a smaller diameter acceleraticn nozzle. A 9.7 um cut point mests
not only all Federal Reference Method (FRM) inlet specifications (inlet cut point of
10 um = 0.5 um) but also resufts in lower mass concentration measurements.
Hence, the development of greased shim and nozzle insert retro-fit kits for both the
321 and 321-A iniets. ASUVGMW offer these modification kits free to all customers
who purchased Models 321 and 321-A inlets, it is only necessary to contact the
manufacturer. Retro-fit instructions are presented in Appendix E of this manual,

Qnce maodified with a greasad collection surtace, the 321 and 321-A inlets
are designated Reference Methods (RFPS-1287-065 and RFPS-1287-064,
respectively) and are referred to as Model 321-C and 321-B, respectively. Note:
Nozzle insants far Madel 321-A inlets are not reguired for FRM designation, they
are however, recommended by the manufacturer.

Since the greased collection shim all AS/GMW HVPM10 inlets needs to be
routinely cleaned, Dr. McFarland later developed a hinged-body (Model 1200) SSI
to facilitate these maintenance procedures.

This section will examine gach portion of the monitoring system and pravide
a discussion on the principle of operation for each individual camponent. For
simplicity and arganizational purposes, it will be assumed that the Model 1200 iniet
will be mounted on a high-volume sampler fitted with a volumetric flow controller,
elapsed time indicator, and a continuous flow recorder. It will also be assumed that
the 321-B inlet (nate: These inlets are no langer being manutfactured; however,
due to the number of thase inlets in operation, their operational principles are
being inciuded here.) has been mounted an a high volume sampler equipped with
a mass flow controller, continucus flow recorder, and a §-day an/cff timer. These
contigurations are nat required nor necessanly recommended. As indicated in

(223



Table 2.1, if the monitoring system satisiies the requirements presantad in 40 CFR
53, Appendix J, the individual components are interchangeable; any combinaticn
of inlets, flcw contrcllers and timers is allowed.

2.2 Model 1200/VFC HVPM10 Sampler, RFPS-1287-063

Figure 2.1 presants a schematic indicating the basic elements of the Modei
1200 VFC HVPM10 sampler. As ambient air is drawn into the inlet, it is evacuatac
from the butfer chamber through nine acceleration nozzles into the impaction
chamber where panicles larger than 10 um are impacted ante a greasad catlecticn
shim. The air cantaining the PM10 particie fraction is then channeled through an
additional 18 vent tubes and filtered through a specially formulated micro-quanz
fiber filter. The acceleration nozzies have c¢ritical diameters calculated and
perfarmance tested to provide the necessary velacity to effect correct particle size
fractionation within the impactian chamber. Because air velocities are critical to
maintain a PM10 cut paint within the inlet, maintaining the correct design flow rate
ot 1.13 m3/min (£10%) at actual canditions is imponant.

Sample flaw rate is centroiled and maintained by a volumetric flow cantroller
(VFC). Simply stated, the VFC is a dimensional venturi davice used to ¢ontrol gas
flow. When applied to a high voiume air sampler, this flow contral principle
incorporates a smooth-wall venturi that ‘gradually opens to a recavery section.
Vacuum is pravided by a blower/maotor downstream of the venturi.

Flow contral is accomplished by occluding, and thus accelerating, the air
flow through the ventur. At some point in the flow siream, the air velocity will equal -
the acoustic velacity, and critical flow will be achieved. As lang as downstream
changes are small, all conditions at the venturi (including the flow rate) are
determined by upstream conditions. This condition is referred to as "choking” and
is a distinctive characteristic of all VFC's. The ASIVGMW VFC utilizes this principle
of choked flow to maintain a constant actual flow rate of 1.13 m3/min over a sample
period. Note: If data are to be reported to the U.S. EPA, the flow rate must be
corracted to standard conditions befare calculating the sample volume. These
calculations are presented in Section 6.0 of this document.

Since critical flow through the venturi is not greatly affected by changes in
fiter loading, ambient temperature or station barometric pressure, a stabie
volumetric flow rate is maintained as Tong as sufficient power is provided ta the unit.
To determine the samplers operational flow rate (as required by the FRM) a
calibration must be conducted. Specific calibration procedures are presented in
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Saction 4.0. The sampler's incicated flew and the reading from an slagsad time
meter, is then usad to compute the sample velume. ASI/CGMW have two medels of
elapsed time indicators: one that can tg reset, the other pravides a non-stop
recard af the samglers total operational time. The model salected is cptional.
2.3 Mode! 321-B/MFC HVPM10 Sampler, RFPS-1287-064

it is assumed for simplicity that the Mocel 321-B infet has been mated with 2
mass flow controller. However his is not necessarry since, a 321-8 inlet will
perfarm as designed with a volumetric flow controller.

Figure 2.2 presents a schematic indicating the basic elements ¢f the Macel
321-8/MFC HVPM10 sampler. As ambient air is drawn into the inlet, it is evacuated
from the buffer chamber where the particles larger than 10 um are impacted onte a
greased collection shim. The air is then accelerated through an additional 16 jets
into a second impaction chamber. The acceleration nozzles have critical diameters
calculated and performance tested to provided the necessary velacity to effect
correct particle size fractionation within the impaction chamber. The air flow finally
exits the inlet through nine vent tubes onto a micro-quartz fiber fiiter. Currently, the
micro-quartz filter is the only commercially available fiiter media that satisfies the
requirements stipulated in 40 CFR 53, Appendix J for PM10 monitoring. ASVGMW
are researching alternate media and will inform our custamers if any become
available.

Air is pulled thraugh the filter into the intake of a motor and subsequently
exits into the atmosphere. The actual mass flow rate of the sampied air is con-
trolled with a reference/sensing flow probe mounted in the throat section of the filter
holder. The electrical autput of the flow probe and associated solid state circuitry
is used as the control signal to adjust the matar speed. Thus, as ambient
conditions or filter loadings change; the controller increases or decreases the
electrical power to the motor in such a manner that the mass flow rate is maintained
at a constant velocity. The desired sampier flow rate is adjusted by a potentiomsater
following the sampler's calibration.

The specific mass flow rate at which the sampler should be set will depend
upon lacal conditions of temperature and barometric pressure. The Model 321-8
SSlI is designed to maintain a 10+ 0.5 um cut point over a flow rate range of 1.02 to
1.24 m3/min at actual conditions. It is imperative that the aperator choosz a sat-

point that will "center” the flow rate in respect to fluctuating run day temperature
and barometric pressure canditions. To accomplish this, a seasonal average
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temperature and barometric pressure for each menitoring site should e
determined. Using these values, an aoptimum seasconal average adjustad flow rate
is calculated and a set-peint cetermined. Calculaticns and s&t peint adiustment
procedures are presented in Secticn 4.4, A cantinuous recerding of the
sampier's flow rate is provided by a pressure transducer. This instrument is
connected to the exhaust pressure part of the motor and monitors the cifference in
pressure between atmospheric and the motar plenum. The respense ¢f the flow
recorder is czalibrated and can be usad to not only measure the sampler's flcw rats,
but alsq to manitor the line-voltage stability and flow centroller performancs. it is
assumed that the Mode! 321-B/MFC sampler is alsc equipped with 2 mechanical &-
day timer. This timer is designed to operate with the HVPM1Q0 sampler to comply
with the sixth day format outlined in the Federal Register and is accurate to within
+15 minutes over a 24-hr sample period. Once properly set, this timer will energiza
the sampier every sixth day, at midnight, and allows rotation of the sample period
cver an entire week.

2.4 Calibration Equipment

A conventional orifice device, identical to that used in the calibration of a
total suspended particulate sampier, is used to calibrate the ASI/GMW HVPM10
sampler. Two orifice models are availabie: one equipped with 2 set of five
resistance plates (PN G25), and the other with a valve allowing for variable
resistance (PN G335). In either case, the orifice device must be calibrated zgainst
& standard of known accuracy every year and pravided with a cazlibraticn
relationship (orifice pressure drop vs. actual fiow rate) by either the calibrating
agency or the operataor.



3.0
KVYEHMI0 Sampgier Asssmbiy (netructions

The ASI/GMW HVPM10 sampler is delivered in two cartons: one cantains

the Size-Selective Inlet (SS1), the second contains the sampler sheiter or base
unit. This section presents assembly instructions for the Model 1200 inlet and a
basic basa unit.
Specific instructians faor retro-fitting HVPM10 samplers (e.g., exchanging a
Mocel 321-B inlet for a Mode! 1200 or installing a VFC in a sampler previously
equipped with an MFC) are available frem the manufacturer and are nct
presented here. Retro-fit instructions for medifying a Model 321-A inlet to a
Model 321-B are presentad in Appendix E.

3.1 Model 1200 Size-Selective Inlet (SSI) Assembly Instructions

The Model 1200 SSI is packaged basically complete; only minor
assembly is necessary. When removing the SSI from the shipping carton, take
care nat to drop the dome-shaped hood. The SS! is packaged with two
protective cushions: one rests between the hood and the inlet, the second
above the acceleration nozzles. Remove both cushians and the four cardboard
comer braces. Gently lift the SSI from the carton and place it on the floor or on
a workbench. Save the shipping container and packing material for future usa.
Locate the hardware bag taped to the acceleration nozzle piate and assemble
the SS! as follows:

1. Place the hood (dome side up) onto the SSI housing.

2. Align one hole (8 total) on the hood with one located on the inlet rain
deflector ramp (PN SSI1-106). The rain deflector ramp is the gently
curved section of the acceleration plate adjacent to the nozzles.

3. Place an aluminum spacer (PN SSi-60) between the hood and the
acceleration nozzle piate.

4. For each spacer, place a thumb screw and nylen washer in-line.
Loosely fasten the spacer to the nozzle plate and hood. Regpeat steps
1-3 for the remaining spacers. When all spacers are installed, finger
tighten the thumbscrews to ensure a complete seal.



5. Release the 4 stainless steel infet hogk-catches and tilt back the tgp
partion of the SSI. Latch the inlet support strut in its ugper most
position.

6. Release the collection shim from its 2 shim clips. Lift the shim czare-
fully past the nozzles and out of the iniet.

7. Place the shim an a clean flat surface and spray with a thick caating of
Dow Coming Silicone #316. Do not substitute any other greasa or oil
without contacting the manufacturer; particle bouncs characteristics
may be affectad by changing the viscesity of the cil.

8. Handling only the edges, return the collection shim (ciled side up) to
the sampler inlet and secure.

8. While holding the inlet support strut forward, close and secure the top
portion of the sampier inlet. Note: It may be necessary to adjust the
inlet hook-catches. To accamplish this, lcosen the lock-nut on the
hook-catch rod. To shorten the catch length, turn the rod clockwise:
counter-clockwise to lengthen. After adjustments are complete, re-

tighten the lack-nut.

3.2 HVPM10 Sampler Sheiter - Assembly: Instructions. VFC
SAMPLERS

The instructions presented in this section are specific to ASIVGMW
HVPM10 sampling systems ordered with Volumetric Flow Cantrollers (VFC).

The HVPM10 sampler shelter is easiest removed from the shipping
cantainer by tipping the carton horizontally and then slowly removing the
shelter. The two additianal boxes inciuded in the shelter shipping carton house
the motor and VFC and the filter holder assembly. The procadure to assemble
the sheiter are as follows:

1. Remave the VFC, motor (Figure 3.1) and fiter holder assembly from
their respective baxes.

2. Remove the male adapter (PN G2002) by removing the four (4) 1/4 20
x 1" hex-head hoits. This will axpose the motor.

3. it a neoprene gasket has not been glued an the battom of the VFC,
install cne (1) of the VFC flange gaskets directly on top of the motor
housing. Make sure that the gasket is present and undamaged
before continuing.

'_l
s
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4.

10.

11.

12

Using the four (¢) 1/4-20 x 5/8" hex-head screws, attach the VFC to the

moter housing. Do not over-tighten as damage ta the VFC flange
gasket may result. Make sure that the arrcw an the VFC is pcinting
down (toward the motor).

. Place the sacond VFC flange gasket on the top of the VFC. Attach the

mazle adapter to the VFC by installing and tightening the eight (8) 1/4 x
20 x1 hex-head bolts. Co not aver-tighten.

. Aftach the assambled VFC system to the filter holder. Make sure that

the motar plate gasket (PN G2001) is present before tightening.
Center the FH-sealing gasket (8 x 10 x 3/8") aver the rectangular hole
in the shelter pan. With the aid of anather persan, lift the entire fiiter
holder/VFC assambly and gently drop it into the rectangular shelter
pan hole. Make sure that FH-sealing gasket is centered evenly around
the hole. Adjustment may be necessary after the assembly is placed
inside.

Connect the tubing between the continuous recorder and the matar
pressure tap. Connect the tubing between fiiter pressure tap and quik-
connect fitting on shelter.

Note: If the sampler is. being assembled at a central
location (not . where it will be operated), it is
recommended to skip steps 9-12 until the sampler is
depioyed. It is much easier to transport the sampler
without the inlet attached. Once deployed, the shelter
must be firmly anchored before installing the inlet,
Extended support faet (PN G2021) are suggested.

W'xth the aid of another person carefulty place the assembled SSi on
the shelter.

Secure the inlet to the shelter body by instaliing the four (4) 10-24 x 1°
machine scraws in the sides of the shelter (refer to Figure 3.2) and
through the shelter pan (PN G12006). Pre-punched holes are

‘provided in each new sheltar body.

Cut free the SSI sheiter pan support strut (PN G120018). Uniatch the
6 draw catches that attach the base plate to the shelter pan section.
Attach the shelter pan support strut to the right side of the shelter pan.
Make sure the large washer is placed on the outside of the shelter pan
support strut. Carefully open the inlet.

n
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13.

14.

18.

16.

Plzce a loaded filter cartridge cn the sampler and connect the male
sower card to line voltage. Energize the sampler and ensure that the
recarder ingicates an upscale resgonsa. Cantsct the manufacturer
immoediately if failure is suspected.

Turn oif the sampler. Following instructions in Appendix D for the
specific timer model installed, connect the moter ta the timer and
program, if necessary. Closa the shelter daar.

While halding the shelter pan suppert strut toward you, closa the inlet,
Latch the 6 shelter draw-catches. If necessary, adjust the shelter pan
draw-catches following the procedure presented in Step 9, Secticn

3.1.
Conduct a leak test and calibration as presented in Section 4.2.

-



4.

Ficw Calibrati

0o

Frcoaduras

As discussad in Secticn 2.1, it is assumed in this document that the
Made!l 1200 inlet has been mated with a velumeiric flow cantroller; and Mcedel
321-B with a2 mass flow cantroller (MFC). As mentioned previously, this is nat
required cr necessarily recommended, either inlet will perferm as designed
regarcless of which flow controller is employed. The type of flow cantroller dces
however, dictate the calibraticn methad. Operating perscnnel should refer to
the sacticn dealing with their specific type: Secticn 4.3 presants procedures fer
VFC samplers and, Section 4.4 for MFC samplers. These two sections are
completely independent; it is possible to remave and bind (if necessary) only
those pages that deal with the type of sampler operated in the mcnitoring
network. It is recommended however, that this entire section be reviewed and
the two methoeds evaluated. In-house equipment, procedural simplicity, and
subsequent data applications may warrant a new or retro-fitted PM10
measurement system.

To ensurg an accurate cafibration, ASVYGMW recommend a leak test be
conducted after assembling the HVPM10 sampier and routinely thereafter. The
leak test must be conducted after motor maintenance to determine the integrity
of the seals. Complete leak test procedures are presented in Section 4.2

4.1 Discusion of Flow Rate Designations

The particle size discrimination characteristics of the Models 1200 and
321-B inlets are dependent upon the air veiocity through the acceleration jets.
A change in the entrance velocity will result in a change in the nominal particle
size collected. For this reason, it is imperative that the flow rate through the inlet
be maintained at a constant actua! flow rate of 1.13 actual m3/min (£10%).

Since this actual flow rate is so critical for particle fractionation, the
operator must have an understanding of the flow rate designations used in
PM10 monitoring. Canfusion between various air monitoring units is the most
frequent source of error in a particulate monitoring network. Table 4.1 presents
.a summary of PM10 flow rate designations; their primary use and conversion

equations.

13



TABLE 4.1 COMMON FLOW RATE DESIGNATIONS USED IN PM10 MONITIORING

This designaiion simply reless 1o a seasonally adusted Qa tow tate.
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4.2 Pre-Calibration Leak Test

421 VFC HVPM10 Samopler. This test shouid be conducted after

sampler assembly, after motor maintenance and at routine intervals throughout

the year.

1.

The following procedures shouid be followed:

Set up the calibration system as illustrated in Figure 4.1, VFC
MVPM10 samplers are calibrated without a filter or fiiter cartricge in
fine. The operating filter pressure drop is simulated with multi-hole
load plates, or an adjustable Vari-lo® orifice. When installing the
orifice face plate adapter to the filter support screen, tighten the face
place nuts on alternate corners first to prohibit leaks and to insure
even tightening. The fittings shouid be hand tightened; too much
compression can damage the sealing gaskat. Make sure the orifice
gasket is in place between the face plate adapter and orifice, tighten
down the crifice to the face plate adapter making sure not to cross
thread the lock-down ring.

Caver or tape over the inlet of the crifice unit with one or more strips of
duct tape. Check that the manometer valves of both manometers are
fully closed by removing the tubing to the orifice pressure tap and
blowing into the tube. Valve are closed by turning the plastic elbows
at the top of a monometer fuily clockwisa. |f the vaives are closed no
movement of the fluid will take place. Replace the tube to the orifice
pressure tap. Connect tubing to pressure tap on filter holder hausing
located 1.5 inches below screen on side of holder. This pressure tap
is accessible through door of sampler. Close off this tube with a
tubing clamp. This tube should be closed during operation and leak
tests when a manometer is not connected to the tube. Production
VFC units have a quick-connect valve located on the shelter which
closes automatically whan manometer is disconnected.

Connect the motor blower power cord to a stable voitage source
which has a power switch (e.g. the sampler's on-off timer (if so
equipped), or another source of line voitage, &0 hz /120 vac).

Turn an power to the sampler. Gently wiggle the orifice and listen for
a whistling sound that would indicate a leak in the system. A leak-
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7.

free system will also indicate no upscale response on the recarcer,
Leaks are usuzlly causad by either 2 missing gasket at the junciien of
the crifice and face plata.cress threacing tne arifics to the iace plate,
or crass threacing the VFC to the filter holder.

if the VFC HVPM10Q is lezk freg, turn off the sampler and reamove duct
tape from the arifice.

Inspect the manometer connecting tubes far crimps or cracks. Cpen
the valves on the manometers and gently blow through the tubing,
watch for the free flow of the manometer fluid. Adjust the mancometer
sliding scale so that the zere line is at the bottom of the meniscii.
Proceed to one point flow verification of sampler, in Section 4.3.1.

4.2.2 MFC HVPM10 Sampler. This test should be conducted after

sampler assembly, after motor maintenance and at routine intervals throughout

the year.

1.

The following procedures should be followed:

Set up the calibratian system as illustrated in Figure 4.2. MFC
HVPM10 samplers are to be calibrated without a filter or fiiter
cantridge in-line. When installing the orifice on the sampler filter
suppaort screen, tighten the face plate nuts on alternate corners to
"prohibit leaks and to ensure even tightening. The fittings should be
hand tightened: too much compression can damage the sesaling
gasket. Mazke sure the the orifica gasket is in place and the orifice is
not cross threaded on the face plate.

If possible, disconnect the motor from the flow contraller and piug it
directly into a stable voltage source (e.g. the sampler's on-off timer, if
so equipped, or other source of line voitage).

Check that the continuous flow recorder is connected to the pressure
tap on the lower side of the sampler motor housing and that there are
no crimps or cracks along the tubing.

Install a clean recorder chart.

Cover or tape the inlet of the orifice calibration unit with one or mare
strips of duct tape. Check the manometer valves ang verify that they
are fully closed. Note: the valves are clased by turning the plastic
elbows at the tap af a manometer fully clockwise.
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6. Energize the sampler. Gently wiggle the orifice and listen far a
whistling sound that would indicate a lezk in the system. A leak-frag
system will also indicate no upscale response on the recorder. Lezks
are usuzlly caused by either a missing gasket at the junclicn of the
orifice and face plate, cross-threzading the orifice on the face plate or
crass threading the motar an the fiiter hoider.

7. Turn off the sampler and remove the tape fram the orifice.

8. Inspect the manomaeter for crimps ar cracks in the cannecting tubing.
Open the valves and blow gently through the tubing, watch for the frae
flow of the fluid. Adjust the manometer stidmg scale sg that the zero
line is at the bottom of the meniscii.

3. If the HVPM10 sampler is leak free, proceed to calibrate the sampier
according to procedures presented in Section 4.4.

4.3 Basic Calibration Procedure for the VFC HVPM10 Sampler

The sampler calibration procedure in this section simply verifies the
accuracy of the look-up chart and condition of the critical venturi used for flow
controf in VFC HVPM10 sampler. During operation of the sampler the flow
contrallar will maintain an actual flow rate of 1.13 m3/min (£10%). This flow rate
is a function of ambient conditions and the pressure differential across the filter.
The approved filter media is a quartz fiber filter GQMA. Ciean filter media will
have a pressure drop ranging from 15 to 20 Inches-of-water. The VFC is
designed so that proper operating flow rate is maintained over a broad range of
temperature and pressure conditions.

Regardless of which type of orifice calibrator used,(muiti-hole load plate
unit or the Vari-flo®) the calibration procedure remains the same (Figure 4.3).
The sampler inlet should be opened completely to prevent flow interference
with the calibration transfer crifice. Flexible tubing is used to connect the orifice
pressure tap with a water manometer. The pressure tap an the fliter housing is
connected to a separate water manometer. Pressure drops and indicated flow
recorder readings are measured and the resuits checked against a calibration
curve for the top loading orifice and the lookup table for the VFC. The flows
determined from the orifice and lockup tabie should be within £3%. If this is not
the case the VFC should be checked for intemal cbstructions and leakage in
the system. Flow rate calculations should be repeated. If the difterence in flow
rates is not eliminated, contact the manufacturer.
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The U.S. EPA stipulates calibraticn frequencies for all samplers that are
usad to report data into the Naticnz! datz bzse. Please refer to "Quality
Assuranca Hanchook of Air Follution Systems, Velume |, Section 11.2 * for
basic requirements. ASI/GMW recommend cafibration at least twice a year.

Since the orifice transfer standard can be calibrated in terms of actual or
standard conditions, the operating perscnnel must determine which calibraticn
curve has been generated and medify their calibration curves accordingly. The
HVPM10Q samoler must be calibrated in terms of actyal gonditions, Two types
of arifice calibrators are available: one equipped with multi-hole load plates (PN
G25) to simulate various pressure drops, and the other with an adjustzable iflow
restrictor valve, ar "Vari-flo®" orifice (PN G335).

4.3.1 VEC One Point Flow Verification, For optimum accuracy
and performance, the following calibration procedures are recommended:

1. Assemble the czlibration equipment.

° Calibrated (tracezable to NBS) orifice device (load plate or Vari-
o®)

° Duct tape

° Manometer with a range of 0 to 16 Inches-of-water and a
minimum scale division of 0.1 inch.

° Manometer with a range of 0 to 30 Inches-of-water and a
minimum scale division of 0.1 inch.

° Thermometer {with verified accuracy). All temperatures must be
-expressad in degrees Kelvin for the calculations in this section to
be correct. (°K =°C + 273).

° Barometer (with verified accuracy). All pressures must be
expressed in mmMg for the calculations in this section to be
carrect, (mmHg = Inches of Hg x 25.4). Note: Barometric
pressure readings can be obtained from nearby weather station;
however, such readings must be "station pressure® which is
uncorrected to sea level. Pressures may however, need to be
corrected for changes in elevation between the weather station
and the monitoring site if elevatioon difference is greater than

1000 ft.
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® Spare reccrdar chans, miscellanecus hand tools, calibration
data sheets, or samgler lcg book.

. To verify the flow during normal operating conditions, the filter
pressure differential must be matcnied using the Vari-flo® restrictar or
appropriate lcad plate. The zpproved filter media is a quanz tiber
fiter, GQMA. The pressure differential acress a clean quartz fiber filter
vares fram15 to 20 inches-of-water.
. Remave the orifice and arifice transfer plate fram filter hiclder. Place a
clean filter and a filter cantricge on the filter holder. Tighten the fiiter
holder nuts on zlternate corners to ensure even tightening. Hand
tighten the nuts to prevent over-comprassion cf the gasket.
. Connect tubing to tha pressure tap on the filter screen holder. The tap
is located 1.5 inches below the screen on the side of the holder. This
pressure tap is accessible through the door of the sampler.
Production VFC units have a quick-cannect located on the sheiter
which closes automatically when manometer is disccnnected.
Connect tubing to one side of the manometer with 0-30 lnches-of-
water range. The other side of the manameter is left open ta the
atmasphere.
. Turn on the sampler biower and allow it to warm up to a stable
operating temperature. Five minutes is usually sufficient .
. Read and record the foliowing parameters on a VFC HVPM10 Field
Data sheet or in the log baaok of the sampier.

° Ambient temperature, (Ta), °F or °C. Convert to °K

* Ambient pressure , (Pa), mmHg

¢ Sampler Model, S/N, and VFC S/N

° Qrifice S/N, and its Qa relationship (m,b,r)

¢ Date, location and operatar

. Read the prassure differential (Pf) across the filter and filter cartridge.
Record this an the VFC Data Sheet or log book of the sampier. Thisis
the operating pressure differential that will be matched by the using
the restrictor of theVari-flo® orifice or the load plate.

. Turn off sampler and remove filter cartridge ang filter. install the
orifice and perform precalibration leak test (Section 4.2).
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Turn on sampler and, if necessary, allow to warm up to aperating
temperzture.

10. Simulate filter pressure diffarential (Pf) by adjusting kneb ¢n Vari-{o®

11.

orifice or by placing sppropriate load plate between orifice and face
plate adapter. The approximate pressure drops acrcss multi-hole load
plates at 1.13 m3/min (40 ¢fm) is given in Tabie 4.2

Choose a load plate which has a pressure drop approximately the
same, but not greater than the filter pressure to be simulated but not
greater then the filter pressure drop. Fine tune the load plate by
placing duct tape over holes one at a time untii the pressure
differential is matched. the pressure drop match should be within one
Inch-of-water. A leak test should be performed each time the orifice is
removed.

Once the differential pressure has been matched, the sampler will be
operating at approximately the same flow conditions as will take place
during sampling. Record the orifice and fiiter pressure differentials

(AH2Q) and (Pf), respectively.

12. For the VFC, calcuiate pressure ratios and find the flow rate on the

[ook-up table.See Section 6.1 for sample calculations.

Table 4.2. Approximate Values of Pressure Drop
across Orifice and Load Plates

Load Plate Pressure Differential,
Nuymber of Holes Inches-qf-water
22 ' 7.3
18 8.1
13 13.7
10 20.6
7 35.2

orifice only 3.9
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13. If the onfice calibratcr has not been furnished with a calibraticn curve
in terms of Qa, use the czlibration ¢ata pravided with the orifice to
generate a calibration relationship in the form of:

y=m (Qa) +D

where: Qa = orifice flow rate, actual m3/min
y =\ r{(AH20xTa/Pa))
b = intercept of orifice calibration retationship
m = slope of orifice calibration relationship
See Section 6.3 for sample calcuiations.

14. Calculate Qa for the calibration peoint as :
Qa = [V{aAHZ20xTa/Fa) - b)/m

where: AH20 = orifice pressure drop, Inches-of-water
Ta = ambient temperature, °K
Pa = ambient pressure, mmHg
b = intercept of orifice calibration relationship
m = slope of aritice calibration relationship

15. It a discrepancy greater then 3% appears between the arifice
caiculated flow rate (Qa) and the look-up table flow rate, recheck
calculations and procedures. Make surs serial numbers of hardware
and calibration curves match. Recheck for leaks in the system.
Inspect the VFC for debris or corrosian in throat. [f necessary clean
with a bottle brush and scap and water. Inspect motor biower
operation. Check to be sure there are no leaks in the manometers.
To make this check, disconnect tubes from the sampler or arifice.
Connect a second tube to the manometer that is used for the filter
pressure drop. For each manometer blow air into one side of the
manomat2r in order to get a differential reading of approximateiy 15
Inches-ot-water. Next pinch the tubing on both sides of the
manometer by doubling the tubing back onto itself and squeezing the



pinched location. This will prevent air from entering the manometer.
Chreck the reading an the manometer. Wait approximately one
minute and re-read the manometer. The reading shouid not have
dropped by mere the 0.3 inches. If it has, check the cennections and
tubes to determine the source qf the problem. If problem cannot be
resolved contact the manufacturer.

186. Continue to recorder czlibration

4.3.2 One Point Calibration of Dixon Recorder. The Dixon flow

event recorder simpiy verifies that the sampler operated without failure during
the 24 hour sampling period and maintained normai operaticnal flow rate.
Large deviations fram the mean flow rate on the recorder would indicate that
thera has been a power failure, or a motor blower, or power problem.

This calibration procedure is:

1.

2.

3.

Install a new recorder chart (G106) into the Dixon event recorder
which has been properly labeled on the back of the chart. Replace
ink pen if needed.

Ensure that the continuous flow recorder is properly connected to the
pressure tap on lower side of the sampler motor housing.
While sampier is running, determine the operating flow rate from the
Look-up Table. Convert flow rate to actual ctm.

Adjust the reading on the Dixon recorder using the set screw. Gently
tap the side of the recorder to make sure pen is nat hung-up on the
chart.

Lift the pen off the chart then rotate the chart by center slot using a
cain or screw driverin the center slot until the time is properly
indicated on recorder . Be sure the pen is back down on the chan

surface.

4.4 Basic Calibration Procedure for the MFC HVPM10 Sampler

The sampler calibration procedure presanted in this section relates
known flow rates (as determined by a calibrated transfer standard orifice
device) to the pressure differential across the orifice at the exit of the blower

housing.

This pressure diffarantial is referred to as the plenum pressure, where

" the plenum is the region within the mator housing (downstream of the motor
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unit) where tha pressura level exceeds atmaspheric pressure.

The calicration arifice usad in this procedure may have been calibratad
gither in terms of "actual” or "standara” conditions. Operating personnel mus:
determine which calibration curve has been supplied. The HVPM10 sampler
must be calibrated in terms of actual conditions. Two types of orifice calibrators
are available: one equipped with multi-hale load plates (PN G25) to simulate
various prassure drops, and the other with an adjustable flow restrictcr valve, or
“Vari-flo®* orifice (PN 335).

Regardless of the type of orifice used, the calibration procedure remains
the same (Figure 4.4). The calibrator is installed directly beneath the inlet of the
HVPM10 sampler. Flexible tubing is used to connect the orifice pressure tap
with a water manometer. Pressure drops and indicated flow recarder readings
are recorded and checked against the calibration curve for the top loading
orifice. The relationship between the flow rates determined by orifice and
responses indicated by the sampler becomes the calibration equaticn. Note:
When using the multi-hole load plates to calibrate the continucus flow
recorders, use load piates in increasing resistance in order (e.g. 18-, 13-, 10-,
and 7-, and S-hole).

The U.S. EPA stipulates calibration frequencies for all samplers that are
used to report data into the national data base. Please refer to "Quality
Assurance Handbook of Air Pollution Systems, Volume II, Section 11.2", for
basic requirements. ASVGMW recammends calibration at ieast twice a year.

For optimum accuracy and performance, the following calibration
procedures are recommended:

1. Assembie the calibration equipment.

° Calibrated (traceable to NBS) orifice device

° Manometer with a range of 0 to 16 Inches-of-water and a
minimum scale division of 0.1 inch.

® Thermometer (with verified accuracy). All temperatures must be
expressed in Kelvin for the calculations in this saction.
(°K =°C + 273).

® Barameter (with verified accuracy). All pressures must be
expressed in mmHg for use in the calculations in this section,
(mmMHg =in.Hg x 25.4). Note: Barometric pressure readings can
be obtained from nearby weather stations and must be "station
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pressure” or uncarrected to sea level. Prassures may however,
need to be carrected for changes in elevation between the
weather station and monitoring site. If the diierence in elevation
is greater than 1000 f.
° Spare recorder charts, miscellanecus hand tools, calibration
data sheets; or sampler log book
Install the calibration system as pictured in Figure 4.2. Positicn the
orifice faceplate on the sampler filter support screen and tighten the
four carner auts. Do not use a filter or filter cartridge during
calibration. f a leak test is required, refer to Section 4.2.2
. Instali the 18-hole plate in the orifice calibrator by loasening the orifica
retaining ring (ar open the Var-flo® vaive fully). Make sure therg is a
gasket on the bottom of the restriction plate and on the bottom of the
orifice device.
. Check that the flow event recarder is praperly connected to the
pressure tap on the lower side of the sampier motor housing and that
it is properly zeroed {pen rests on the inner most circle aof the chart).
Adjust the set-screw on the front of the recorder as necessary.
. Record tha site location, sampler S/N, date, and the operator's initiais
on the back of a clean recorder chart. The same chart used for the
leak test (if performed) can be employed in this step.
Disconnect the mass flow cantroller. The motor is to be connected
directly to a stable power source,110 VAC/60Hz. Energize the
samplér and allow it to warm up to operating temperature. A period of
five.minutes is usuaily sufficient.
Read and record the fallowing parameters on an MFC HVPM10
calibration data sheet (Table 4 .3) or in the sampler {og book.
° Ambient temperature, (Ta), °K
° Station barametric prassure (Pa}, mmHg
° Sampler S/N, madel, and motor number
9 Qrifice S/N and Qa relationship
® Date and Location

. Read and record the manometer deflection (in Inches-of-water) and its
correspanding recorder response.



Table 4.3 MFC Calibraticn Datza Sheet

HVPM10 SAMPLER CALIBRATION DATA SHEET
MASS FLOW CONTROLLED UNIT

/'
Sampler Location: Date:
Conditions: Ta(K): PalmmHa):
: Ts(K}): Ps{mmHg):
Sampler Model: Samuoler S/N: Moter Nao:.
Qrifice SIN- Qrifice Cat Data- Qrifice Madetl:
\_ Crifica Qa Cal. Relationship: ma= b= f=
Calibration Conducted by:
Qa(orifice) | Sampler Carrected
flow rate | Response Response
Cal. Point_| Plate No. | Total AH20 |  m3/min I 1C
1
2
3
4
5
Qa(orificg): = 1/m [\IAHzo"(T_P"]"a/ a)] - b} Sampler Seasonally Adjusted
IC = T{¥(Ta/Pa)] Calibration Relationship
Sampiler's Qa Calibration Relationship: ms=__ __ bss __ ___
Qa(orifice), x-axis, IC, y-axis ms = m [V(Ts/Ps)]
M= D r= bs = b /[V(Ts/Ps)]
Set Point Flow Rate: - Sampler Set Paint:

SFR = 1.13(P/Pa)(Ta/Ts)



9. Read the samplers responsa [, from the chart of the event recorder,
and enter an data sheet or lcg book.

10. Repeat Step 3,8 and 9 for each of the remaining resistance plates or
Vari-tio® sattings. When instaliing each plate, be sure the artice
plate is properly seated and that no crass threading has taken place.

11. Turn off the sampler and remove the czalibration orifica and recarder
chart.

12. If the orifice calibrator has nat been furnished with a calibration curve
in terms of Qa, use the cafibration data provided with the arifice to
generate a calibration relationship in the form of:

y=m(Qa) +b

where: Qa = orifice flow rate, actual m3/min
y = V(BR20xTa/Pa)
b = intercept of orifice calibration relationship
m = slope of arifice calibration relationship
See Section 6.3 for sample calculations.

13. " Varify that the correct event recorder response, I has been inscribed
on the calibration data sheet and that the orifice calibration curve is
current and traceable to an acceptable pimary standard.

14. Calculate Qa for each calibration point as: .

Qa = [V{aHZ20xTa/Pa) - bj/m

where: Qa = Orifics flow rate, actual m3/min
AH20 = pressure drop across the orifice, Inches-of-water
Ta = ambient temperature, °K
Pa = station barometric pressure, mmHg
b = intarcept of the orifice calibration relationship
m = slope of the arifice calibration relationship

1S. Caleutate and record the flow event recarder actual correction (IC)
for each calibration point as:



IC = I [ (Ta/Pa)1/2]

where: IC = actual correction
I = recorder response, arbitrary units

16. On a sheet of graph paper, plot the sampler carrected recarder units,
IC (y-axis) versus the corresponding calculated orifice flow rates Qa
(x-axis), to obtain a visual calibration curve and indication ¢f the
czlibraticn linearity. A five-point calibration shouid yield a regression
equation with 2 correlation coefficient of r > 0.990. Since the
determination of a Qa flow rate requires the addition of an ambient
average temperature and pressure correction, it is not recommended
to use a graphic plot of the calibration relationship for subsequent

data reduction.

Each sampler therefore, must be provided with a mathematical
expression that indicates the slope, intercept, and the linearty of the
calibration relationship. Using a programmable calculator, determine
the best-fit straight line by the method of least squares. The eqguation

for this fit is:
IC=m(Qa)+b

17. The slope, m, and intercept, b, are then calculated to determine the
sampier's actual flow rate (Qa) from :

Qa=1/m{l (Ta/Pa) 172 - b]

18. To avoid making daily temperature and pressure carrections to
determine the sampler's operational flow rate, adjust the sampler's
slope and intercept to seasanal average conditions.

ms=m/[~JTrs_l_P§J']
bSub/[*f(TS-TFS_]]



where: ms = seasonally adjusted sampler calibration slope -
bs = seasonally adjusied sampler calibration intercent
Ts = sezsanal averzge temperature, °K
Ps = sazscnal average station barometric pressure, mmHg

The sampler is now equipped with twa calibration relationships:
actual (Qa) and seasonally adjusted actual (SQa). To czlculate the
sampler's instantaneous flow rate for flow checks or audits, usa the
formula presented in step 17.. For routine operation however,
determine the flow rate as:

SQa=(I-bs)/ms
where: SQa = sampler's seasonally adjusted flow rate, m3/min

18. Calculate and record on the calibration data sheset (or in the sampler
log bock) the set point flow rate (SFR).

SFR = 1.13 (Ps/Pa) (Ta/Ts)

where: SFR = sampler's seasonally adjusted set paint flow rate,
m3/min. '

20. Calcuiate and record the sampler's calibration data sheet the MFC
set point (recorder responsa that corresponds to the SFR calculated
in Step 19.

SSP = {[m (SFR) - b] (Pa/Ta)1/2)

wherg: SSP = sampler's seasonally adjusted set point, recorder
rasponse

21. Re-connect the motor to the mass flow cantraller.
22. Install a clean filter (within a filter cartridge) in the sampier. Tighten
the four wing-nuts ta ensure an even seal, do not over-tighten or the

gasket may warp.
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22. Install a clean recarder chant in the flow recorder ang verify that the
recarder is zeroed (the pen resis cn the innermaost circle of the
chart).CGently tap on sice of samgler to seat ink pen. Raotate chart with
¢Qin or screw driver until chart indicates carrect time.

24. Energize the sampler and allow it to warm up to cperating
temperature. Adjust the flow rate potentiometer (pot) on the mass flow
controller until the recorder response indicates the sampler
seasonally acdjusted sat point (SSP) as calculated in Step 20. Refer
to Appendix B far the lacaticn of the flow rate pot for a particiular
model cf tflow cantroller.

25. Verify that the flow controlier will maintain this flow rate for at least 10
minutes. Turn off the sampier. The sampler can now be prepared for
the next sampler run day.
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Fleid Creration

This section presents informaticn pertaining to the routine, basic
operation of an HVPM1Q sampler. Alsgo included are references to direct the
operator to information on U.S. EPA site requirements, labaratory procedures,
and routine quality control/quality assurance activities. Since our customers zre
not exclusively governmental agencies, specific U.S. EPA-sanctioned
guidelines are not presentad here.

5.1 Siting Requirements
Complete siting criteria (for samplers coilecting data to be directly or

ultimately reported to the U.S. EPA) can be found in 40 CFR 58. Minimum
ASVGMW requirements are presented below:

1.

2.
3.
4,

@

Sampler should be at least 20 meters (m) from trees, buildings ar
other large obstacles. A general placement rule is that the sampler
should be located at least twice as far away from the obstacle as the
hieght of the obstacle..

Sampler inlet should be 2 to 7 m above the ground

Sampler must have unrestricted air flow

Sampler inlet should be at least 2 m from any other high-volume

sampler inlet. For collocated sampiers, the intets must be within 4 m -

of each other.

Do not place the sampler directly upon the ground or gravel roof top.
Do not place sampler near exhaust flues ar vents.

It samples are to be chamically analyzed (e.g. mass spec., A.A,, etc.)
evaluate the site for potential cantamination.

5.2 Sampler Installation Procedures

1.

Carefully transport the assembled inlet and sampler shelter to the
monitoring site. The sampier must be either bolted or anchored to the
site platform. Extended support feet (PN G2021) are available from
the manufacturer and can be easily installed on the sampler to
provide extra stability.

2. Attach the sampler inlet according to Assembly Procedures presented

in Section 3.1.
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3. Check all the power cards and pressure recarder tubing for crimps,
cracks, etc..

4. Plug the male power cord into a grounded line valtzge outlet of
compatible AC voitage. Be sure that the electrical connectors are nat

exposad to inclement weather.

An electrical surge suppressor and a ground fault interrupter (GFI) are
recommended to protect the system from transient voltage spikesand
for safety. For any sampler equipped with an MFC, an independent
AC power circuit is suggested, alternating current voltage (VAC) at
the sampler cannct be below S0 VAC for the 118 VAC system: or
below 200 volts 220 VAC system. If it is necessary to run extension
cords to provide power, a lower gauge (heavier conductor wire) is
necessary. o

5. Perform a flow rate calibration, as described in Sectian 4.

5.3 Sampling Operations

The HVPM10 sampler is a user-friendly instrument capable of providing
accurate, reproducible data when calibrated, operated and maintained
properly. if the calibration procedures presented in this manual are followed, the
routine operation of the HVPM10 sampler can be highly simplified by:

1. Eliminating daily temperature and pressure readings,

2. Using identical calculations (for both MFC and VFC samplers) to

determine the sampier's operational flow rate, and

3. Not requiring any extraneous equipment (i.e. manamaeter, arifice, etc)

to determine the operational flow rate.

As with the calibration procedures presanted in Section 4, all operational
procedures are in accordance and agreement with U.S. EPA protocol and the
FRM. if the operator has any questions regarding these procedures, please
contact the factory.

With referance to Figure 5.1, the steps taken prior to sampiing in the field are:

1. Collect the following monitering equipment:
° Filtar Cartridge {PN G3000), required on all ASV/GMW HVPM10

samplers
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° Quartz Fiber Filter (PN GQMA), required for PM10 sampling
° Clean Recorder Chart
° Sampler lag bock cr field data sheet (Table 3.1 and 5.2 for VFC

and MFC)
2. Fill out the top portion of the Field Data Sheet, Table 5.1 far VFC or

Table 5.2 for MFC.

3. On the back side of the flow event recorder chan, record the sampler
S/N, sampler location and date aof the sample period.

4. Inspect the filter for any pinholes, tears, or irreguiarities. If found.
reject and select another filter. Recard the selected fiiter identificaticn
number (ID) on the back side of the recorder chart and an the Field

Data Sheet.

5. Load the filter cartridge with 1 quartz filter.

A. Loosen the four nuts that clamp the cartridge together and re-
move the upper portion of the filter cartridge . '

8. Inspect the filter cartridge screen for deposits or foreign
material. Clean if necessary. Ensure that the cartridge gasket
is not damaged or compressed.

C. Center the filter on the cartridge support screen. Every filter
has an "up® side on which the particulate matter shouid be
depasited. For GQMA filters, this is the rough side. It is
racommended that the purchaser request the analysis
laboratory embass the filter with a filter ID consistently on the
bottom _of the fiiter. This will allow access to the ID number
when the sample is folded (post-sampling) and also provide
the operator with a focl proof method for determining the "up”
side. '

D. Repiace the top cover and tighten the nuts.

E. If the cartridge is equipped with a protective, snap-on screen,
cover the cartridge.

6. Transport the manitoring equipment to the sampler location.

7. Raisa the sampler inlet by reteasing the six shelter pan draw-catches
and gently tilting back the inlet until the sheiter pan support strut is
locked in the -secand pasitian.

8. Inspect the sampier's filter screen and remaove any deposits or foreign
matter.
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Table 5.1 Ezampte HVPM10 Field Cata Shest

VFC HVPM10 FIELD DATA SHEET

Site Location: Sampte Date:
Sampler S/N: Sampler Mode: Mator No.
VFC No.
Filter ID Number: Average operating pressue drop *H20

Seasonal operating cenditions Ps, mmHg  Ts, °C
Seasonal operating pressure ratio Po/Ps
Po/Ps =(1- PH/Ps) ,note Pf and Ps are in mmHg

Seasonal operating flow rate from lockup table @Ts and Po/Ps, SQa ma/min

Recorder pen setting, Actual flow conditions, Qa cim
\
Filter Differential Start (Pf) *H290 Filter Oifferential Stop (Pf) “+20
Sample Start Time: Sample Step Time:
Sampier Timer Start ' Sampter Timer Stop

Average Recorder Response:
Average Filter Difterential{P{a) 20

Pressure Ratio Pa/Ps Circle One:

Pa/Psa=(1-Pfa/Ps) Qa between 1.02 and 1.24 ma/min? Yes No
Look-up Flow sSQ3« m3/min Sampler recalibrated? Yes No
Pressure Ratio Po/Pa Qsid = m3/min
Pa/Pa=(1-Pta/Pa) Qstc = SQa (Ps/Pstd) (Tstd/Ts)
Lock-up Flow Qza m3/min Elapsed Time (min): (1)

Comments:

Std. Vvol. m3
Std. Vol. = Qstd (V)

* Optional. Calcutate periedically and
when temperature and pressure conditions during
sample penod are unssasonal. Operator:




Table 5.2 Exampia HVPM10 Fisid Data Sheet
MFC HVPM10 FIELD DATA SHEET

Sample Date:

Sampler Model: Motor Na.

ilter D Number:

ampiar's Qa calibration relationship: Ma
a=1m(@JJaPa) - b

ampler's seasanal adj. czlibration refationship: m=
Qa = (I-bs)/ms

Average Recorder Response: : Sample Start Time:

SQa= m3/min Sample Stop Time:

Qaw m3/min * Elapsed Time (min):

Codonal. Calcuiate periodically and .

whent lemp.ecanse and pressure conditions during , Qstd = ma/min

sample pericd are unssascoal Qs = SQa (Ps/Pstd) (Tsta/Ts)
, Clrcle One: Std. Vol. m3

Qa between 1.02 and 1.24 m¥/min? Yas No Sid. Val. = Qstd (t)

Sampier recaiibrated? Yes No

F Y

Commaeants: Operatar:



8.

10.

11.

12.

13.

14.

Inspect the filter holder-sealing gasket located beneath the filter
screen for compression or damage. Replace, if necassary, bejcre the
next sample pericd.

Remove the filter cartridge top caver (if s¢ equipped) and canter the
cartridge on the the sampler's fiiter screen. Tighten the four swing
boits. The wing nuts should be tightened at diagonally cpposite
corners simuitanecusly to assure even compression ¢f the gasket.

Open the shelter door and the flow event recorder. Install the
annotated recorder chart by raising the pen arm and placing the chart
center hole over the recarder slotted drive. Lower the pen arm. If the
sampler is controlled by a master On/Off timer, and data are to be
reported to the U.S. EPA, set the chart at 12 midnight. The chart is
advanced by rotating the slotted drive clockwise, until the desired
sample start time is beneath the pointed indicator on the lower right
side of the recorder.

Make sure that the flow recarder is connected to the motor housing
pressure tap and and it is properly zeroed ( the pen rests on the inner
most circle of the chart). Adjust the zero by the ratating the small sat
screw located an the bottom right of the recorder.

_Energize the sampler. Ensure that the recorder pen is inking and
indicates that the sampler is operating at its correct set-point.

A. No adjustment can be made to the VFC sampler flow rate. |f
the recorder indicates that the sampler is not operating within
3 chart divisions of the carrect set point, check the reccrder
connections. If problem persists, contact the manufacturer.

B. If the sampier is equipped with an MFC, allow the sampler to
operate for 3-5 minutes. I necessary, adjust the potentiometer
on the MFC (refer to Appendix B) until the correct set point is
indicated. Note: [f the MFC is operating carrectly, there will be
no "searching” of the motor.

Tum off the sampler and close the recorder and shelter doors. Lower
the sampler inlet and attach the six shelter pan draw-catches.

15. Following procedures presented in Appendix D, set the master timer (if

s0 equipped) to activate the sampler on the next scheduled run day.
Reset the elapsed time indicator to 0000.
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The post sampling éteps are illustrated in Figure 5.2. As soon as passible
after the run day, the operator must:

1. Return to the monitering site. FHRelease the six shelter pan- draw-
catches and raise the sampler iniet. Reversing the installation proce-
dure (step 10), remove the filter cartridge. Replace the snap-on cover.

2. QOpen the shelter door. Open the recorder doar and remaove the
recorder chart. Examine the chart. The trace should be stable without
peaks or interruptions. Investigate any irregularities before continuing.

—-spikes and peaks indicate power fluctuations

—blank spots indicate power failures or that the pen failures
--slow downward trend indicates MFC or motor brush failure
—-wavering trace indicates MFC failure

3. Observe conditions arcund the monitoring site and recard any
unusual activities that might affect the sample.

4. Complete the Field Data Sheet.

5. Calculate the sampler's operationai flow rate:

a) For the VFC:
Calcuiate average filter pressure differential Pfa
Pfa=(Pfi+Pff)/2
Calculate Pressure Ratio Po/Pa
Po/Ps=(1-Pfa/Ps)
Look-up seasonally ajusted flow
SQa, at Ts, Po/Ps

where: Pfi = initial filter pressure differential
Ptt = final filter pressure differential

Ps = seasonal avarage barameteric pressure
Ts= seasonal average temperature

Note; If unseasonal weathar conditions occur, perform calculations with
ambient pressure and temperatura.

b) Far the MFC, uss:

SQa = (I-bs)/ ms
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where: SQa = samplers saasonally adjusted flow rate, m3/min
| = continuous raccrder respansa, arbitrary units
bs = seasonally adjusted sampler calibration intercept
ms = seasonally adjusted sampler calibration slepe

6. Determine whether the aperaticnal flow rate is within design
specificaticn requirements of the HVPM10 sampler:

% Difference = [(SQa-1.13)/ 1.13] (1QQ)

where: SQa = sampler's seasonally adjusted flow rate, m3/min
1.13 = sampler's design flow rate, m3/min

Ditference must be <10%. !f exceeded, recalibrate the sampler before
the next sample period.

7. Record the sample perod's elapsed time. If reporting to the U.S. EPA,
the sample duration must be 1440 min. x80 min; and, the sampler
must have turned on and off within 30 min. of midnight.

8. The sampler can now be prepared for the next sample pericd.

9. Transport the filter cartridge to a protected area.

10. Reversing the installation procedure, carefully remove the filter from
the cartridge. Handle the filter only by the edges to avoid disturbing
any of the depasit. Fold length-wise, aligning the deposit edges. Place
the filter in a protective cover and transport it, the recorder chart and
data sheet to the analysis iaboratory.

S.4 Labaratory Procedures

Complete information regarding Iaboratory procedures and quality
assurance functions can be found in the "Quality Assuranca Handbook for Air
Monitoring Systems, Valume lI*, Section 11.4.

The {aboratory is responsible for providing tare (Wt) and gross (Waq)
weights for each sample filter. The difference of these two weights, the net



mass (Wn), is then used to calculate the cancentration of PM10 collected cn the
fiter. The calculations necessary to report data to the U.S. EPA are as follows:

1. Carrect all operational flow rates to standard reference canditions
Qstd = SQa (Ps/Ts)(298/760)
where: Qstd = flow rate at reference conditions, std. m3/min
SQa = flow rate adjusted to seasanal conditions
Ps = seasonal average station barometric pressure, mmHg
Ts = seasonal average temperature, °K

298 = standard reference temperature, °K
760 = standard reference barometric pressure, mmHg

2. Calculate the standard sampie velume
Vstd = Qstd (1)

where: Vstd = standard volume, std. m3
t = sampie duration, minutes

3. Calculate the net weight of the sample filter
Wn = Wg - Wt
where: Wn = net weight of the sample filter, g
Wg = gross weight of the sample filter, g
Wt = tare weight of the sample fiiter, g
4, Calculate the PM10 concentration of the sampie filter

PM10 = (Wn)(108) / Vstd

where: PM10 = PM10 concentration, pg std. m3
106 = conversion far grams tg micrograms



§.5 Quality Coentroil/Quality Assurance Procedures

The U.S. EPA stipulates that routine quality control and periodic quaiity
assurance procedures be conducted in each monitoring netwark. These
activities are used to assess data quality, precision and accuracy. Complete
U.S. EPA requirements and procedures can be found in the "Quality Assurance
Handbook for Air Monitoring Systems, Volume 11" Sections 11.3 and 11.7.



5.0
PMI0 Monitoring Routine Cailculations

When an HVPM1Q sampler is being operated with the intention of
submitting data either directly or ultimately to the U.S. EPA, it must be must be
reported as the mass concentration of PM10 expressed in micrograms per
standard cubic meter (ug/std.m3). For particulate sampling, standard or
reterence canditions are 228K and 760 mm Hg. This section presents the
caiculations required to compute and report ambient PM10 concentrations as
per the U.S. EPA's Quality Assurance Manual.

As discussed in the Introduction, an HVPM10 sampler must be equipped
with either a volumetric flow or mass flow controller.

The U.S. EPA stipulates that routine quality control data validation
checks be conducted on all data collected in a PM10 monitoring network.
These activities are used to assess data quality and accuracy. Complete U.S.
EPA requirements and procedures can be found in the "Quality Assurance
Handbook for Air Monitoring Systems, Velume iI*, Section 11.5.

The U.S EPA reference conditions of temperature and barometric
pressure as reported in the Federai Register / Vol. 52, No. 126 / Wednesday,

July 1, 1987 Appendix J are:

Tstd = standard temperature, defined as 298 °K
Pstd = standard barometric pressure, defined as 760 mm Hg

This standard reference condition, converted to some commonly used
units is shown in Table 6.1

Table 6.1 Heferen nditions in Common Uni
Standard Temperatyre Standard Pregsure
298 °K 760 mm Hg
25 °C 101.3 kPA
§37 °R 29.92 in Hg

77 °F
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Note: Existing calibration orifices, prior to the release of this manual,
were supplied with calibration curves tar standard flow rates. The VFC and
MFC HVPM10 sampler flow rate is calculated at zctual conditions so that the

proper aoperating flow rate may be determined.

6.1 VFC Look-up Table Use and Sample Calculations

6.1.1 Use of Look up Table for Determination_otf Flow

1. Determine and record the atmospheric properties:
® ambient temperature (Ta), °F or °C
¢ ambient barometric pressure (Pa), mm Hg orin Hg

2. OQOperate sampler and allow to warm up. Perform leak test as per
instructions in Section 4.2.

3. Read the differential pressure across the filter (Pf), inches or mm of
water. Reading is taken with a differential manometer with cne side
of the manometer connected to the pressure tap on the filter housing

 and the ather side open to the atmasphere. Fiiter must be in place
during this measurement or pressure drop is being simulated by lcad
plates.

4. Convert filter pressure drop readings to units consistent with those of
barometric pressure using the conversions given in Table 6.2,

Table 6.2 Pr r nversion F r
T nvert from: To ynits of: ivi v:
In H20 In Mg 13.61
mm H20 mm Hg 13.61
mm H20 In H20 25.4
mm Hg InHg 25.4

mm In 28.4
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5. Calculate pressure ratio, Po/Pa.
Po/Pa = (1 - Pf/Pa)
Ngote: Pfand Pa must have cansistent units.

8. Read flow rate from look-up table that is supplied with each VFC unit.
Table 1 (provided with the unit), is set up with temperature in °F and
the flow rate is read in units of actual cim (acim). In Table 2 (provided
with unit), the temperature is in °C and the flow rate is read in

m3/min (actual).
7. Determine flow rate in units of standard air, Qstd

Tstd
Qstd = Oa(P ) )

In English ynits

537°R
Qstd = oa'(29 92 in Hg A460 + T_a)

where the units of Pa and Ta are:

{Pa] = inches Hg
[Ta]=°F

In Metric Units

- 298°K
Qstd = 03(750 mm Bg \273 + Ta]

where the units of Pa and Ta are:

[Pa] = mm Hg
[Ta] =



S4

6.1.2 VFC Example_of Flow Rate Determination

1. Suppose the ambient conditions are:
Temperature: Ta=27.5°C
Barometric Pressure: Pa = 752 mm Hg (this must be station
pressure which is not corrected to sea level pressure but ig
carrected for density changes in Hg due to temperature)

2. Assume system is allowed to warm up for stable aperation.

3. Measure filter pressure differential, Pf. Assume that:-

Pf= 16.85 in H20

4. Canvert Pf to same units as barometric pressure..

. in Hg mm
Pf=(16.85 in H?.O)(m_61 — HZOJX25'4'I?1'E1'=31‘45 mm Hg

Pf = 31.45 mm Hg
5. Calcuiate Pressure Ratio.
Po/Pa = (1- P/Pa)
= (1-31.45/752)

Po/Pa = 0.958 _
6. Determine actual Flow rate from Lcok up Tabie.

a) on Table 2 (provided with VFC unit), locate the temperature
and pressure ratio entries nearest the conditions of:

Ta=27.5°C
Po/Pa = 0.958



Exampie: Lcok-up Table for Actuzl Fiow Rate in Units of m3/min

Temperature °C

BoPa il 28 29 30 3234

0.950 | 1.121 1.124 1,126 1.129 1.131
0.952 |[1.125 1.127 1.130 1.133 1.135
0.854 [1.128 1.131 1.134 1.136 1.139
0.956 |[1.132 1.135 1.138 1.140 1.143
0.858 |1.135 1.138 1.141 1.144 1.147
0.960 |1.139 1.142 1.145 1.148 1.150

b} by interpolation, the reading of the flow rate is:

Qa = 1.137 m3/min (actual)

7. Determine flow rate in terms of standard air.

3 e
Ostd=1.137m (752 mm Hg)(( 298°K j

minl760 mm Hg )\ (273+27.5)°K

Qstd = 1.116 m3/min



6.2 MFC Flow Determination and Sample Calculations

6.2.1 MFC Determination of Flow with Calibration Qrifica

1. Determine and record the atmespheric properties:
° ambient temperature (Ta), °C or °F
° ambient barometric pressure (P2), mm Hg ar In Hg

2. Operzate sampler and allow to warm up. Perfarm leak test as per
instructions in Section 4.2.

3. Read the differential pressure drop acress the orifice (AHZ20), Inches
of water. Reading is taken with a differential manometer with one
side of the manameter connected to the pressure tap on the
calibration orifice and the other side open to the atmosphere. Do not
use a filter or filter cartridge when calibrating the sampler.

4. Convert ambient temperature and barometric pressure to units
cansistent with those required for the orifice calibration curve, which
are °K and mm Hg.

Temperature Conversion Formulas

°K = 273 + °C
°C = (°F - 32)x5/9

Table 6.3 Pre r nversion Factor

T nvert from: To units of: Divide by:
In H20 In Hg 13.61
mm H20 mm Hg 13.61
mm H20 In H20 25.4
mm Hg in Hg 25.4

mm In 25.4



5. Read and record the orifice calibrator's calibration relztionship
constants, m and b. The czlioraticn relgtionship is in the form of:

Qa=(y-b)/

where: Qa = Orifice flow rate, actual m3/min
Y = ¥(AH20xTa/Pa)
b = intercept of the orifice calibration relationship
m = slope of the crifice calibration relationship
AH2Q= orifice differential pressure, Inches-of-water
Ta = ambient temperature in °K
Pa = station barometric pressure in mm Hg

6. Calculate Qa for the calibration peint as:
Qa = [V{AR2OxTa/Pa) - bJ/m

7. Determine flow rate in units of standard air, Qstd

Tstd
Qstd = Qa(Pstd Ta)

In English units

537°R
Qstd = 03(29 32 in Hg A460 + TF)

where the units of Pa and Ta are:

[Pa] = inches Hg
[Ta] = °F
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In Metric Units

/__Pa 208°K
OS‘C’:Q‘(?so mm B \27 3 +—_Ta_j

where the units of Pa and Ta are:

(Pa] = mm Hg
(Ta] =°C

6.2.2 Examoie of Flow Rate Determination

1. Suppose the ambient conditions are:
Temperature: Ta=275°C
Barometric Pressure: Pa = 752 mm Hg (this pressure mus: be

station pressure which is nQt corrected to sea level pressure but is
corrected for density changes in Hg due to temperature)

2. - Assume system is allowed to warm up for stable operation.
3. Measure onfice pressure differential, AH2Q. Assume that:
AH20 =3.1in H20

4. Convert ambient temperature and barometric pressure to units °K and
mm Hg.

Temperature: Ta=273 +27.5°C
Ta =300 °K
Pressure: Pa=752 mmHg (no change)
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5. Assume the czlibration relaticnship constants ara:

b =-0.01851, intercapt of crifice czlioraticn relaticnsnip
m = 0.96182, siope of orifice calibration reigtionship

6. Calculate calibration point as:

Qa = [V{&H20xTa/Pa) - by/m ,m3/min

E TR RZ0T X 30037K) .
Oa=( P53 i Fig) +O.O1851)/O.916162

Qa = 1.159 m3/min

7. Determine flow rate in terms of standard air.

3 o
Qstd = 1.159 m (752 mm Hg)( 298°K )

min|760 mm Hg {(273+27.5)°K

Qstd = 1.137 m3/min

6.3 Crifice Calibration Relationship and Sample Calculations
1 _Pr dure f§ Determinin libr n_Ret nshi

1. QObtain the following information from the orifice calibration sheet
supplied with the unit and enter in the sampler log bock or Table

6.1:

° Qrifice calibration S/N

° Roots meter S/N

° Date of calibration

° Date in Service

° Ambient temperature during calibration (Ta)°K

n
O



Table 6.1 Orifica Calibration Relationship Warksheet

Cal. | Plate No.| Valumae Yolumaea ATime AHg AM20
olnt vbce Initlal Final AValume | (minutaes) {mm) (Inches)
DATA TABULATION
Qrifics S/N T-aus y-aus
Va G [ |[aH20 xTaPa)
(nrd) (mr*Ymin)
Rootsmatar S/N

Date ot Calibration

Dats in Saervics

Ta °X)
Pa (mmHg)
Calibration.
perfcrmad by:
CALCULATIONS AND CONVERSIONS
Va = AVolume {(Pa - AMg) / Pa mm = inchas x 25.4

43 = m*3 x 35.31
Qa=Va/ATima Linear Regression: Qa, x-axis; ¥ [AH20(T a/Pa)), y-axis

M=

-
—————————

e




° Stztion barometric prassura curing calibratica (P2) mmHg
° Operatcr '

Record the orifice differential pressure (AH20) and ccrrespeonding
pressure differential at inlet of roots meter (AHg), run time (1), and
volume passed through system for each test condition (AV).

Calculate the actual flow rate for each test candition
Pa-AHa
Qa=( = )xAV/t

Note: Pa and AHg must be in consistent units.
The orifice calibration relationship is in the form
Qa=(y-b)ym
where: Qa = arifice flow rate, actual m3/min
y= \J(ﬁHECX I a./Fa)
b = intercept of orifice calibration relationship

m = slope of orifice calibration relationship

Calculate y for each test condition.

y = V(AH20xTa/Pa)

Using a programmable calculator, determine the best-fit straight line
by method of least squares. The equation to be fit is:

y=m(Qa) +b

Enter the date pairs of Qa and y for each test condition into the
caiculator. perform the linear regression on the data set and reccrd
the intercept (b), slope (m), and the correlation coefficient (r) of the

curve fit.



6. the carreiation coefficient (r) must be 20.99 in order for the
calibration ta be valid. If r < 0.9, recheck calculations. If necessary,
repezt calibraticn precacurs.

7. To determine the actual flow rate in m3/min from the crifice
calibration relation, usa:

Qa = [W(aH20xTa/Pa) - b] / m

6§32 Example far Determination of Calibration Reiationshio

1. Assume the following data are applicabie to an orifice which is to be
calibrated:
Qrifica S/N F-139
Roots S/N 7064132
Date of calibration 5-89-1988
Date in service 6-1-1988
Ta = 300.65 °K
Pa =752.6 mm Hg

Volume Roots Crifice
Through Pressure Pressure
Roots meter Time Differential  Differential
Test (AV), (1), (AHg), (AH20),
Condition m3 min mmHg Inches-of -water

1 2.562 1 104.1 11.73
2 2.025 1 78.7 7.98
3 1.774 1 63.5 6.34
4 1.812 1 53.3 4.68
5 1.248 1 43.2 3.29

(¢}
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2. Fortest cenditicn 1:

whera: AHg = 104.1 mm Hg
AV = 2.562 m3
(t) = 1 min
Pa = 752.6 mm Hg

A
0a=(3%“aﬁ9-)xav1t

Qa = ((752:6 mm Hg - 104.1 mm Hg)\ (2.563 m3
a-( (752.6 mm Hg) ) T min

Qa = 2.208 m3/min
3. Calculate y for test condition 1;

' where: AH20O = 11.73 Inches-of-water
Ta = 300.65 K
Pa = 752.6 mm Hg

y = V{AH20xT2/Fa)

1./3 Inches-of-water x 300,85 7K)
Y=y (752.6 mm HQ)

12
inches-of-water x °K
mm Hg )

y= 2.165(

)
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4, For zll the tast conciticns there results:

Qa, m3/min VAHZO x Ta/Pa

(Qa-value) (y-value)
2.208 2.165
1.813 1.785
1.624 1.581
1.405 1.369
1.177 1.148

Perfarming a linear regression of this data provides the slope,
intercept and carrelation coefficient for the crifice; namely, m=
0.891556,b =-0.02014, and r = 0.9999

5. The correlation coefiicient meets the criteria of: r> 0.99.



7.9

HAinNieNnaAIngs

A regulzr maintenance schedule wiil allew a2 monitoring network to
cperate far longer periods of time without system failure. Qur customers may
find that adjustments in routine maintenance frequencies are necessary due ¢
the operational demands on their sampler(s). ASI/GMW recommend however,
that thesa cleaning and maintenance activities intervals be observed until a
stable operating history of the sampler has been established. Table 7.1
presents a summary of recommended maintenance procedures and
frequencies.

This section presents maintenance procedures specific to a Model 1200
88|, the sampler shelter and bath VFC and MFC motors (Models GBM2000V
and GBM2000H, respectively). For information cancerning the Model 321-8

inlets, please refer to Appendix E.

7.1 Model 1200 Size-Selective Inlet (SSli)
The SSi hood should be inspected every sampling period for dents or
irregularities in the inlet gap. Contact the manufacturer if dents exceeding 1/2"

are noted.

In general, ASI/GMW recommends a thorough cleaning of the SSI after.

15 days of sampling; which, on a 6 day schedule would correspond to 3
czlender months. If the TSP can be estimated from historical data te the site, It
is recommended that the schedule shown in Table 7.1 be used.

Table 7.1 Inlet Cleaning and Maintenance Schedule

MAINTENANCE FREQUEN&\:

AVERAGE ESTIMATED

TSP AT SITE NUMBER OF INTERVAL, ASSUMING
STD. pug/m3 SAMPLING DAYS 6-DAY SAMPLING SCHEDULE
40 30 6 months
75 15 3 months
150 10 2 months
200 5 1 months



Procedures for cleaning and maintaining the Model 1200 inlet (Figure 7.1) are

as follows:

1.

Inspect the four inlet hook-catches for proper tension. The sealing
gasket should be slightly campressed when the inlet is closed. Adjust
as necessary by the first loosening the lock-nut on the hook-catch rod.
To shorten the catch length, turn the rod clockwise; counter-clockwise
to ioosan. After adjustments are complete, re-tighten the lock-nut.

2. HRemove the hood (reverse assembly procedure presented in Section

3.1) and clean the nine acceleration nozzies with a smail bottle brush.
Wipe all internal suriaces with a damp cloth or Kimwipe. Replace the

hood.

. Release the four inlet hook-catches located on the sides of the SSI.

Open the inlet fully; the support strut should lock on the second slot
and support the inlet. The sixteen vent tubes and the coilection shim
(Figure 7.2) will be visible. Inspect the collection shim pattern. A
normal greased shim pattern is indicated by a circular pattern of
particle collection directly beneath the acceleration nozzles. An
overloaded .shim can be identified by bars or stripes of deposit
between the vent tube holes.

4. 'Remove the collection shim (PN G120027) by rotating the shim clips

5.

6.

8Q°.
Carefuily lift the shim (handling by the edges only) over the vent tubes.
Use a putty knife to first remove bulk of deposited material. Wipe with
a clean cloth or Kimwipe to remove qil and'place on a warkbench.
(Acetone can be applied to compietely clean the shim.)
Inspect ail gaskets for wear and compression. Replace as necessary.
a. Caretully remove the gasket by scraping with a smali,
dull knife and wiping with acetone. The RTU adhesive
must be thoroughly removed to ensure a complete seal
for the new gasket.
b. Evenly spread silicone adhesive to the surface of the
gasket and gently press on the inlet edge.
¢ Wait at least 24-hours befors resuming sampling to
allow the adhesive to "cure.” As with all chemicals,
caution must be exarcised if any organic analysis will
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be conducted on future sampies. Contact the
manufacturer aor the analysis iaboratory for additicnal -

informaticn.

7. Remove the first siage plate by carefully lifting it above the two male

1Q.

11.

12.

13.

centering pins lgcated on each side of the plate. Inspect the TM-bead
gasket for wear and replace if necessary (see Step 6) before resuming
sampling.

Remacve the bug screen located beneath the first stage plate. All
internal surfaces should be cleaned with a damp cloth anc the bug
screen inspected for contamination.

Reassemble the inlet by reversing steps 6-8. Caution: When

repiacing the first stage plate, ensure the male pins are aligned with
the centering holes. The first stage plate should seat completely on
bead-sealing gasket, (PN 1200-21).
Re-grease the collection shim. On a clean surface, spray the shim with
a thick coating of Dow Silicone #3186 (this grease is available from
ASI/GMW) . DO NOT SUBSTITUTE ANY QTHER SUBSTANCE
WITHOUT CONTACTING THE MANUFACTURER. Particle bounce
characteristics within the inlet may be affected by a change in viscasity.
Shake the can, and haolding it upright 8 to10-in. away, apply a
"generous” amount of the silicone spray. Over-spraying will not affect
the performance of the inlet, so when in doubt, apply more spray.

Allow 3-5 minutes for drying; the shim shouid be tacky (not slippery)
and slightly cloudy when returned to the inlet.

Replace the collection shim in the inlet (oiled-side up) and secure with

the shim clips.
Close the SSI. It is important to ensure that the male guide pin

canters in the clearance hole.

7.2 High Volume Sheiter
The HVPM10 sampler sheiter should be routinely inspected and

maintained as follows:

1.

Power cords should be checked far crimps, cracks or exposed
junctions each sample day. Do nct allow power cords or outlets to be
immersed water; if necessary raise the cords above the ground by
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taping them to the sheiter legs. Intertacking plugs can be purchased
from the factory to preclude shock hazzards.

2. With raference to Figure 7.3, inspect the filter screen,the filter halcar
gaskets (PN 3003 and 3005) and the sealing gasket each sample
pericd. Remove any deposits on the filter screen and replace gaskets
as necessary.

3. The filter cartridge used to suppaort the sampie filter should be checkad
each time a filter is installed. These gaskets may became warped or
cracked due to overtightening. Replace routinely.

4. Ensure that the continuaus recorder pen is still inking each time the
sampler is prepared for a sample periad. Inspect the tubing to the
motor for crimps and cracks. The recorder door should seal
completely; replace the gasket as necessary.

5. The MFC (if so equipped) should operate without failure. The probe
however, should be cleaned routinely with water followed by
isopropyl alcchol. The use of a small camel hair brush is
recommended. An electronic schematic of the MFC is presented in
Appendix B.

7.3 VFC Motor (PN GBM 2000V) Maintenance Activities:

HVPM10 motars are durable and have a long life if maintained oregeriy.
The only routine maintenance required is : 1) inspecting and replacing the
motor's neoprene gaskets routinely and 2) replacing the motor's carbon
brushes every 300 to 400 hours of operation. The brushes have a higher rate of
wear than the brushes used in an MFC motor. It is imperative that the brushes
be replaced before the brush shunt touches the motor commutator. |f this
occurs, contact the manufacturer.

The pracedure for motor gasket and brush replacement is as follows:

CAUTION: Ensure all eiectrical power to the HVPM10 sampler is
disconnected prior to opening the moter housing. Unplug the motor
power cord from the line voltage source.

1. Open the sheiter door. Disconnect the rubber hose that connects the
motor housing pressure tap to the continuous recorder.
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11.

12.

14,

o v >N

Whiie supporting the mator housing with ane hand, loosen the four (4)
1/4-20 x 5/8" hex-head screws that attzch the mctor to the bettom of
the VFC. Inspect the VFC flange c¢zasket for wear. Replace if
necessary. To facilitate accass to the motar , the filter hoider, VFC
and motar can be removed from sampiler by lifling the assembly
through the top of the sampler basa.
Remave the motor and motar housing frem the sampler.
inspect the mounting plate gasket (PN G2001) and replace as
necessary (at least twice each year).
8y looking down thraugh the filter screen, inspect the VFC fer any
debris or large particles. Disassemble and clean as necessary.
Release the power card by turning the cap of the power cord
connector (PN G2010H) counter-clockwise.
Carefully let the motor slide from the housing expaosing the brushes.
Remove each brush holder clamp and release the expended brush.
insert new brush and replace the clamps.
Assemble motar after brush replacement by returning the motor to the
housing. Do not pinch any motor wires beneath the motor mounting
ring (PN G2006).
Gently pull the power cord back out of the motor housing and secure it

“with the connector cap.

Return the motor to its position beneath the VFC. Replace the four (4)
1/4-20 x 5/8" hex-head screws and tighten cross-corners
simultaneously to ensure an even seal.

For proper motor performance and maximum brush life expectancy,it
is necessary to seat or "break-in” the brushes. Apply approximately
50% voltage to the motor for at least thirty minutes. A brush miser
(PN GS00) can be used or simply connect two motors of similar
rating in series.

Caution: Direct application of full voltage after changing
brush will cause arcing, commutator pitting, and
reduce overall lifs.

15. A leak test is recommended after brush changes, refer to Section 4.0.
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7.4 MFC Motor (PN GBM 2000H) Maintenance Activities:

HVPM10 motors are durgble and have z long life if maintzined orocerly
Tne only routine maintenance required is : 1) inspecting and repizacing the
motor's necprene gaskets routinely and 2) replacing the mator's carben
brushes every 400 to 500 hours of aperation. It is imperative that the brushes
be replaced before the brush shunt touches the motor commutator. If this
occurs, cantact the manufacturer.

The procedure for motor gasket and brush replacement is as follows:

CAUTION: Ensure all electrical power to the HVPM1Q sampler is

o © o N

11.
12.

13.

disconnected prior to opening the motor housing. Unplug the motor
power cord from the line voitage source.

Open the shelter door and disconnect the rubber pressure hose that

cannects the mator to the continuous recorder.

Using both hands, clasp the motor mounting ring and turn counter-

clockwise to loosen the ring.

Remove the motor and motor housing from the sampier.

Inspect the motor housing gaskets and replace as necessary (at least

twice a year).

Remove the mounting plate motar cover (FN G2002) by remaving the

four (4) 1/4 20 x 3/8" round-head bolts. This will expose the maotor.
Release the power cord by turning the cap of the power cord

connector (PN G2010H) counter-clockwise.

Carefully let the motor slide from the housing expasing brushes.

Remove each brush halder clamp and releases the expended brush.

Insert a2 new brush and repiace the clamps.

Assemble motor after brush replacement by returning the motor to the

housing. Do naot to pinch any motor wires beneath the motor mounting

ring (PN G2006).

Replace the mounting plate motor cover and bolts.

Gently pull the power cord back out of sampler housing and secure it

with the connector cap. '
Return the motor to its mounting ring beneath the filter holder. Itis a

common error to crass thread the ring or to forget the gasket. Ensure



there is a proper seal and &ll wires are free from rotating motor parts
and the mator frame.

14. For proper metor periormance and maximum brush life expectancy, it
is necessary t0 saat or "brezk-in” the brushes. Apply approximately
80% voltage to the motar for at least thirty minutes. A brush miser
(PN G200) can be usad or simply connect two motors of similar
rating in sanas.

Caution: Direct application of full voitage after changing
brush will cause arcing, cammutator pitting, and
reduce overzll life.

15. A leak test is reccmmended after brush changes, refer to Saection 4.0.
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REFLACEMENT PARTS
ASI/GMW HVYPM1Q0 SAMPLERS

Mode!l 1200 SSi
(numbers refer to parts indicated in Ficurs 7.1)

[ item

Part Number

~!

w

1. Upper Tub Housing G12001
2. Lower Tub Housing G12002
3. First Stage Plate G12003
4. Acceleration Naozzle 312004
5. Acceleration Nozzie Plate SSI-109
6. Shelter 3120086
7. Shelter Draw-Catci G120Q7
8. BP-sealing Gasket (16 x 167) G12008
8. FH-sealing Gas«ket (8 x 107) G12009
10. Vent Tube G12005
11. Brass Bolt Assembly G120011
12. Shelter Hinge Bracket 3120012
13. Sheiter Shoulder Bolt G120013
14. Inlet Base Plate G120014
15. Inlet Base Plate Hinge Bracket G120015
16. Iniet Base Plate Strike G1200186
17. Support Strut G120018
18. Inlet Basa Plate Shouider Bolt G120019
18. Bug Screen With Edging G120020
20. TM-bead Gasket G120021
21. Inlet Hook-Catch G120022
22. Iniet Hook G120024
23. Lower Tub Hinge G120025
24, Upper Tub Hinge G120026
25. Collection Shim Plate G120027
26. Collection Shim Clips G120028
27. Filter Holder Support Frame G120028
28. Coilection Shim Kit G120030
29. Nozzle Plate Gasket 88120
30. Hood SSi-106
31. Nozzle Madification Kit (9.2um) G120034
32. Shim and Nozzie Moditication Kit G120035
33. Dow Silicane 316 Grease G10596 or SE290G



Mode! G3000 Filter Cartridge

L

Item

Part Numbper

Filter Cartridge Complete

Aluminum Cover

Aluminum Filter Frame

Rubber Filter Gasket

Aluminum Frame with Stainless Steel Screen
Rubber Frame Gasket

Brass Thumb Nut (2 per sat)

REPLACEMENT PARTS

ASI/GMW HVPM10 SAMPLERS

Model GFH2100 Filter Steel Filter Halder

G3000 .
G300t
GFH2017
GrFH2018
G3004
GFH2018
G3006

L

Item

Part Number

Model GBM2000V Motor Assembly for VFC units

Aluminum Filter Holder Complete
Aluminum Held Down Filter Frame
Rubber Fiiter Gasket

GFH2100
GFH2017
GFH2018

.

item

Part Number

Motar Assembly Compiete (does not include filter holder) GBM2000V

Mounting Plate Gasket
Maie Adapter

. Top Motor Gasket

110 volt VFC Motor (Note: Different then MFC motor)

Carhon Motor Brushes, motors purchased
after 1/78 (set ot 2)

Maotor Ammature with Bearings

Motar Cushion Gasket

Motor Mounting Metal Ring

Motor Housing

Power Cord Ratainer

Male Power Cord

Maotor Pressure Tap

Pressure Recorder Tubing

G2001
G2002
G2003
G115923
GB1

G218276
G2005
G2006
G2007H
G2010H
Gao11
G2015
G2016



Model GBM2000H Motor Assemblyfor MFC units

L Iltem Fart Number |
Matcr Assambply Complete (daes not include filter holder) G2M2000H
Mounting Plate Gasket G2001
Male Adapter @2002
Top Mator Gasket G2003
110 voit MFC Motor (Nete: different than VFC moter.) G115750
Carbon Motor Brushes, motors purchased GB1

anrer 1/78 (satof 2)
Carben Maotar Brushes, motors purchased G83
before 1/78 (setcf 2}
Motor Armature with Beanngs G215278
Motor Cushion Gasket G2005
Motor Mounting Metal Ring G20086
Motor Housing G2007H
Power Cord Retainer G2010H
Male Power Card G2011
Motor Pressure Tap G2015
Pressure Recorder Tubing G2016
REPLACEMENT PARTS
ASI/GMW HVPM10 SAMPLERS
Macdel G105 Continuous Recorder (Dickson)

i ttem Part Number |
Cantinuocus Recorder (complete assembly) G105
Circular Charts (Box of 100) G106
Ink Pen Cartridge (Red) G127
Recarder Chart Mator (115 volts, 60Hz) G108
Door Gasket G113
Tube Hose-Barb Fitting G115
Back Gasket G123
Pen Arm Lifter G124
Cartridge Pen Arm G126

Cartridge Pen Point G127
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Federai Rewisier / Vol

2. Noo 126 / Wednesday, Julv 1.

1987 / Ruies and Rezuiations

Appeadix |—Referency Mauthod far the
Determination of Particulate Matter as
PMu in the Atmosphere

1.0 Applicability.

1.1 This methed provides for tbe
messurement of the mass concentration of
partcuiate matter with an exrodynamic
diameter less than or equal to a nominal 10
micrometers (PMiq} in embient sir over s 2+
hour period for purposss of determining

.Attainment and mainisnancs of the poimary
‘and secandary national ambient air quality
standards for particulate matter specified i
,§ 509 of this chapter. The maasurement
Fampie ca nﬁd"bncﬂ.?' .::b?:qw
sampile can be subjecied to
physical or chemical apalysas. Quality
azsurance procedures sad guidance are
provided in Part 58, Appendices A and B. of
this chapter and in References 1 end 2.

20 Principla

21 An gir sampier draws ambient airat a
conatant [law rate into & specialiy abaped
inlet where the suspended particulats matter
is inerjally separsted inta one or more size
fructions within the PAL, size range. Each
siza fraction in the PM,, size range is then
callected on s separate Riter over the -
specified sampling period. The particls size
discnmination characteristies (sampling
eflectiveness and 50 percaat curpoiat) of the
sampler inlet are prescribed aa performance
specilicaricns in Part 33 of this chaprer.

22  Each filter ts waighed {after moisture
equilibration) before and sfter use to
daiermine the net weight (mgs3) guin due ta
coilected PMee The touwl volume of air
sampled. corrected to EPA reflerence
conditions (25" C, 101.3 kPs), is detarmined
from the measured flow rate and the
sampling time. The muss concenwration of
PMie in the ambient sir is computed ss the
tatal mass of collected particles in the Phlie
sizg noge divided by the volume of alr

sampled, snd is expresasd in micregrams per

standard cubic meter (j:3/3td 13). For P
1amples collected ot temperatures and .
pressures significacyy dilfereat fram EPA

referencs canditions. these carreczed
concentrations sgmetimes difTer substantially
from actual concentranons (In miccograms
per actual cubic meter). particularly at high

elevations. Although not required. the actual .

PMie concentursation can be caiculated from
the corrected concenwration. uang the
average umbient temperuture and baromet=c
preasure duning the samoiing penod.

13 A method based an thia principie wall
be considersd a reference method aniy if {a}
the sasociatad sampler mesty the
requirements specified in this appendix and
the requireraents In Part 53 of this chapter.
and (bj the method bas been designated a8 a
reference method in accordance with Part 53
of this chapter.

10 Range.

31 The lower limit of the meaa
cogcenCalian range is determined by the
repeatability of Qiter tare weights, aznaming
the oominal sir sampie volume for the
wampier, For samplers baving an suiomade
flteschanging mechanivm, there may be oo
upper limit. For samplera that do not have an
sutcmatic iler-changing mechanism, the

" upper limit is determined by the filer meass

loading beyomd which the sempler no langer
maintaing the operating flow rate within
apecified Umits due to increased presaure
¢rup scuss the loeded filter. This upper limit
cannot be specified precisely because it is e
complex function of the ambieat perticie size
distribution and type, bumidity, filter type.
and perhaps other factors. Nevertheless, ail
samplers sbould be capable of messuring 24-
hour Phiw Dass concancrations of at least 300
pg/sd m* while maintaining the operating
flow rate wilthin the apecified limits,

40 Precision

431 The precisior of PM. samplers must
be 8 pg/m? for PMie concentretions below 80
pg/m® and 7 percent for Pivke cancenirstions
abave 80 pg/m?, as required by Part 52 of this
chapter. which prescribes a twwt procedure
that determines the variation In the P
concentration massurements of identical
samplers under typical sampling conditions.
Cantirael assessment af precision via
collocated samplers is required bry Pert 38 of
this chapter for PMw sampiess ueed in certain
monitoring nerworks. ..

8.0 Accurecy.

&1 Becanse the size of the particies
making ap ambient particulate matter varies
over a wide range and the concentration of
psrucles vanies with particie siza. it ls
difficuit to define the shsolute scocuracy of
PMie sampiery, Part 33 of this chapter
provides & specification for the sampling
eifectiveniess of PMia sasppliers. Thia
specification requires that the expected mass
conceatration caiculated for & candidate
Pie sampler. when sanplicg a speciflad
particia size distribution. be within =10
percent of that caicilated for an ideal
sampier whose sampling effecttveness (e
explicitly specified. Alre, the particie sizs for
50 percant sampling effectivensss is required
0 be 10=0S miccometers. Other
specifications reiated to eccurscy spply to
low messarement eod calibrstion, flter
media, analytical (weighing) procedures, and
artifact. The flow rate sccrecy of PMie
sampiers used in cariaia menitoring networks
is required by Part 5A of this chepter.io be

| assessed panodiczlly via flow mate sudits.

&0 Potasual Sources of Error.

8.1 Volauie Particies. Volatile particies
coliected an fiiters are oiten lost dunng
shipment and/or storage of the fiters pror to
the postsampiing werghung 3. Although
shipment or storage of loaded filters is
socieluraes unavoidabie, {iiters shouid be
reweizhed 83 soon as practical to miaumzs
these {osses.

A2  Arufects. Positive errars in Phiie
cogcsncalion messurements mav result rom
retenton of Jaseous species on fitery * &
Suck errors include the retergon of sifar
dioxide and nitric scid. Retention of sulfur
dioxide on Slters, followed by oxidation
sulfate. is referred to as artifact sullate
formation. s phecomenon which inceases
with incressing Qlter alkalinity *. Litte or 20
artifact suilate formation sbauld oecur using
filters that meet tha alkalinity specificstion nn
section 724 Artfact nitrate (omnation.
resulting prunacily from retention of atric
acd. occurs 1o varyng degrees on mamy iiter
types. including gleas fiber. cellulase ester,
and many qoarte Sber Alters & L2219 [ 5y
of true annospheric particulate nitrate diring
or fallowing sampling may aiso occur.due 1o
dissociatien ar chemical reaction. This
pheacmenca has been observed on Teflon®

filters ¢ gad inferred for quartz fiber

Glters 't 12 The magnitude of nitrate antifact
ervors tn PMvhe mais cancentration
messnrements will vary with locstian and
ambisnt tamperature: however, far most
sampling locstians, these errors are expecied
t0.be ymall.

8.3 Hamidity. The eifects of ambient

" . bumidity on the sample are unavoidable. The

filter wquilibredon grocedure in section 9.0 iy

" designed to mmimize the effects of meistare

on the fiter medium,

&4 Filter Handling. Careful handiing of
filters between prevampling and
pastzampling weighings ia necassery to gvoid
ervors due ta dasaged Glters or loss of
collectad particlas from the flters. Use of ¢
Siter cartridge ar cassette may reducs the
magnitude of these errory. Filters must also
meet the integrity specificaton in secion
723

&5 Flow Rota Verigtion. Variations io the
sampier's operatiog flow rate may alter the
particie size discumination characieristicy of *
the sampler injeL. The magnitude of tus error
will depend oa the senaitivity of the inlst Yo
varistions ia flaw rate and on the particle
distribution in the atmosphere during the
sampling period. The ase of s flaw cantrol
devica [esction 7.2.3} ia required to minimize
this error. .

a8 Air Volume Determination. Errors @
the air volume determination may result fom
errors in the low rate and/or sampling time
measurements. The flow cantol device
serves 1o tinimiza errors in the Jow rele
determination, and an elapsed tme meter
(section 2.1.3) is required to minimizs the
error in the sampling time messurwment.

749 Apporotus.

71 PMie Sampler.

7331 The sampler sheil be designed (o

& Draw the sir sample into the sampler
inist and through the particle collection Alter
at a uniform (ace valocity. - -

:]J
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h. Hold and seal the filter in & honzantai
position so that sampte air is drawn
downward througn the filter.

< Allaw the filler to be installed and
removed convenienty.

d. Protect the iiltes and sampler {rom
precipilation and drevent insects and other
deons rom be:ng sampled.

e. Minumize air leaks that would cause
error in the cessurement aof the air voiume
pasng througn the fiter.

L Diacharge exhzust air at a swiBicient
distancs from Lhe sampier inlet to minimize
the sampling of exhaust sir.

g Minimize the coliectnon of dust from the
supporung surfacse.

7.12 Tha sampler shall have a samptle air
iniet system that whea aperated withic s
specified fiow raia range. provides particle
siza discrimination characterisdcs meeang all
of the applicabis performanca mpecifications
prescribed in Part 51 of this chapter. The
sampier iniet shall show no significant wind
directoa dependence. The latter requirement
can generuily be satisfied by an inlet shape
that is circularly symmetrical about a vertcal
axis.

713 Tha sampler shall bave & low
contol device capabie of maintatning the -
sampler's aperating flow raie within the Jow

rate limits specifisd for the sampier [niet over *

normaei variations in line voitage and Glter
pressuse drop. .

214 The sampler shall provide a Teans
{0 messure the total fow rste during the
sampling period. A continucous Jow recorder
is recommended but not required. The Jow
measarement device shall be accurate to =2

T :

715 A tming/control device capable of
starting and stopping the sampler shail be
usad tg cbtain s sample collection period of
24 =1 hr (1440 =50 min), An elapsed time
mater, accurate to within =15 minutes. shall
be used to measurs sampling time. This meter
is optonal for samplars with continuous flaw
recorders if the sampling me massurement
obtained by means of the recarder meets the
=15 minute accuracy specification.

7.1.8 The sampler shall have en
s1sociated aperatian or instruction manual as
required by Part 53 of this chapter which
includes detailed instructions on the
calibradan, operation. and maintenance of
the sampier.

72 Filters. .

7221 Filter Medium, No ecommaercially
availabie filter medium is idasl in all respects
for all sampiers. The user's goals in sampling
determine the reiative importance of various
filter charactaristics (e.g.. coat, sase of
kandling. physical and chemicai
characteristica. stc.) and. consequently.
detarmine the choics among scceptable
filters. Furtherthore. cartain types of flters
may not be euitable for use with some
samplars. particuiarly under heavy loeding
canditions (high mass concanrrations),
because of high ar rapid increese i the filter
flew resistance that would excaed the
capability of the sampier's flow cantroi
devicx. Howevar. samplars equipped with
ing mechanisms msy
" allow use of thess types of fAlters. The

specifications given below are minimum
requirements to ensure accapability of the

-

flter medium for measurement of PM. mass
concaatrations. Other filter eveiuation
ateria shouid be considered lo meet
individual sampling and analysis abjectives.

7o Collection E¥iciency. >99 percent.
as measured by the DOP test [ASTM-2988)
with 0.3 um particies at the sampier's
aperating face veiogity.

723 Integrrty. =S ug/m? {assuming
sampier's nominal 2¢-hour aie sampie
volume), [ntagnty is measured as the PM..
coacentration equivaient corresponding to
the average difference between the initial
and the fnal weights af a rendom sample of
test filters that ure weighed and handled
under actual or sunulsted sampling
conditions. but have na air sample passed
through them (i.¢.diter blanks). As s
minimum, the test procedure must include
Lnitial equilibration and weighing. installation
oa an inoperstive sampiar, removal from the
sampler. and fnal equilibragon and
weighing. ’

724 . Alkalinity. <23 micoequivalents/
‘geam of flter. as measured by the procedure
given in Referencs 13 following at least two
moanths storage in & clean eavironment (fres
from contamination by acidic gases) at rocom
tempernture and humidity.

73 ‘Flow Rats Transfer Standard. The

‘Bow rata txnsfer standard must be suitable

for the sampler’'s operzcng flow rute and
must be calibrated against a primary flow or
volumes standard that is raceabls ta the
National Bureau of Standards (NBS). The
fow rxte transfer standard must be capabie
of measuring the sampler's operating fow
rate with an accuracy of =2 perceat.

7.4 CFilter Conditioning Eavironment

7.4.1 - Temperature range: 15° 10 30° &
742 Temperature controiz £3° C

743 Humidity mage: 20% to 45% RH.
. 744 Humidity controbk =5% RH.

‘73 Analytical Balance. The antalytical
baiance must be suitabie for weighing the
type and size of fliters required by the *
sampler. The renge and seasitivity required
will depend oa the filter tare weights and
mass loedings. Typically. an analyvical
balance with a seasitivuty of 0.1 mg is
required (or high volume samplers (low rates
>0.5 m3/min). Lower volume samplecs ({low
rates <0.5 m3/min} will require ¢« more
seasitive balanca.

&8 Calibration.

a1 Gunero! Requirements.

a1l Calibration of the sampier's flow
meeauwrement devica is required to establish
racasbility of subsequent flow
messurements o & primary standard. A flow
rate transfer standard calibrated ageinst s
primary flow ar volume standard shall be
used to calibmie or verify the accuracy of the
samplar's low messurement device.

412 Purticle size discrimination by
[nerdal separation requires that specific air
velocitins be maintained in the eampler's aie
Inlet system. Thersfors, the flow rate through
the sampler’s inlat uﬁ; be mmmedm
theoughout the sampling psried n the
design flow rate range specified by the
maaufsctzrer, Design flow rates are apecilted
es sctual volumetric flow rates, measured at
existing conditions of temperaturs and
pressury (Q.). In contaet, mess
coneentrations of PM.. ere computed uaing

flow rates corrected to EPA reference )
conditions of temperaiure and pressure (~ -

82 Flow Agte Calibration Procad, -

811 PM.s samplers employ variou 3
af flaw ceatrol and flow measurement
devices. The spectii¢ procedure used /ar Now
rate calibrauon or verfication will vary
depending on the type of Now contrgiler ana
flow indicater emplayed. Culibration in ter—
ol actusl volumetnc flow cates (Q,) is
generuily recommended. but gther messures
of Qow rate (2.3, Q. may be used pravided
the requirements of section 8.1 are met. The
generei proczdure givan here {s based 0n
actual velumeats Gow units (Q,) and serves
ta illustrate the steps involved in the
calibration af 2 PMie sampler, Consuil the
umpicf manuiacrurer's instruchion manual
and Raference 2 for specific guidance on
calibradon. Reference 14 provides additionai
informadon an tha use aof the commoniy usec
measurea of flow rate and thew
interrelaucanships.

" 822 Calibrate the flow rate Tansfer
stsudard against & primary ilow or volume
standard tracsable to NBS. Establish &
calibratioa relationship (e.g- ag equation ar -
family of curves) such that traceahility to the
primary standard is accurste to within 2
percant over the expectad range of ambient
canditions (I.e., temperatures and pressures)
under which the transfer standard will be
used. Recalibrate tha ransferstandard
periodically. : - ‘e ’

823 Following the sampler - .

magufacturer's insruction @anusl. remove
: the sampler inlet and connect the Bow tate

transfar standard to the sampier such t+
tranafer standard sccurately messures .
sampier's flow rate. Make sure there are ..
lesks between the transfer standard and the

az4 Choose a minimum of three low
rates (actual m?/min), spscad over the
acceptabla flow rate rangs specified for the
inlet (sae 7.1.2) that can be obtained by
saitable edjustment of the sampler flow rate
In accordanca with the sampler
manufacturer’'s instruction manual. obtain o
verify the calibration relationship betwaen
the flaw rate (actual m?/min) ae indicated b,
the transfer standard and the sampler's flow
indicator response. Record the ambient
temperature and beromatric pressure.
Temperature end pressure corrections ta
subsequent flow indicator readings may be
required for certain types of flow
messurement devices. When such correcto:
are necessary. correction on as individual o
daily basis is prefarable. However. 12as00a
aversge temperanire and average barometnic
pressurw for the sampling site sy be
incorporated into the sampler calibration to
avoid daily corrections. Consult the sampler
manufecturer's insgruction manual and
Rafarsnce 1 (or additional guidance.

823 Following calibration, verify that t+-
saapler ts operating at its design flaw rate
(sctus) m*/min} with a clean filter in place.

828 Replace the sampler indet.

80 Procedure

21 The sampier shall be aperzted in
accardance with the specific guidance
provided (n the sampier manufacturer's
Instruction manual end in Reference Z 1.
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general procedure given here assumes that
the sampier’s low ryte calidcssoa it based
on flow rates al ambiant condltions [Q,) and
serves (o Uiustrate the stepe invaived in the
overstion af & PMw sampjer.

92 inapect each Siter ior plnnoies.
particles. and other unperesuony S3tabliso a
fltar tuormation record aad asnigs an
identification numaer w each fls:,

9.3 Equiibrate each {ilter in the )
¢andilioning environment (see 7.4} for at least -
=4 hours.

9.4 Following equilibragon. weigh each
filter snd record the presgmpling weight with
the filrer identification pumber.

95 Inastall a preweighad filter in the
sampler fofllowing the msoarsons provided
inn the sampler manuiacnoer’'s insgucnonal
marmoat,

9.8 Tum on the sampler and allow it to
establish nm-tempershoe cenditors. Record
the {low indicstor reading st f zewded. the
smbient lemperyture and barumreTic
presaure. Determine the sampier Bow rate
lactual m? /min) in ecordance with the
inscoctions provided in the sampier
manufacturer's msgucton orenyel. NOTE—
No casile temperature or presygre
mewsurements are necesvary i the sampher’s
flow indicator does ot require tempershoe
or pressure corrections or if seasonel sverage
tsmperzture and sverage barometric pressure
for the sempling site are incorporeted inta the
szmpler calibration (see step 8.2.4). If
individual or daily temperature and preseure
corrections are required. ambiem
lempersture and barometric pressure can be
oblained by on-site masnmements or from &
oearby wsather station. Barometwic pressure
readings abtained from airports muet be
station pressre, not corrected 10 eer level
and may seed (0 be corrected for differences
in slevation between the sampling site and
the airpert '

9.7 U the flow rate s gutaide the
scceptable raoge specified by the
manufscrarer. check fur leslos, and if
necessary, adijust the Qow rate ta the
specilied setpoat. Stop the sampler.

9.8 Set the Umer ta scact aad 2t0p the
sampler at appropriate Qroes Sat the eiapsed
time mater to 2&r0 or record the iutal meter
reading.

99 Recnrd the sample ininrmaton {site
location or identification oumber, sampia
date. flter identification aumber. and
sampier madel and senal number],

9.10 Sampie for 24=1 hours.

9.11 Determice and recard the gverage
flow rate {Q,] in actual m3/min [or e
sampliag penod in accordance wilk the
instrucuons provided in the sampier
manufacturer's instraction manusi. Record
the elapesd tima mater Onal resding and, if
feeded. tbe avernge ambient tamperature and
baromeic pressure [oc the sampliag period
(se# note following swp 9.5).

212 Carefully remave the fiter rum the
sampler. following the sampier
manufacturer's instruction manual Touch
only the outer edges of the filter. .

9.13 Place the filtar in & protectiva halder
ar container {e.3. pewi dish, glassize
envelope. ar manila {alder).

9.1¢ Racord any factors such as
metaoralagical conditona, coasguctioa

activity. fres or dust starma, etc- that might
be pertnent 0 Lha measucament an the liller
\nformation record.

18 Transport the expossd sampia Glter
1o the (lter eonditicaing eavyanmest 22 s00n
as poesidle for equiiisracon end sucsequent
weighing.

9.16 Equtlibrate the exposed Zliter in the
condilicaing envircament {oc al least 24
howry under the same tempersiure and
bumtidity eooditicas usad for presampting
filter squilibraton (see 93}

§.17 lmmediately after equilibration.
rewasigh tha filter and recard the
pastsampling weight with the Glter
identifcation qumber.

108 Sampler Mantescnce.

10.1 Ths PMuws sampler sball be
maintained {n stict accardance with the
maintenaace procedures specified in the
sampler manufzcsurer's insguction manusl

110 Coleiguoes

11.1 Calcutate the average {low raie over
the sampling period corrected ta EPA
reference conditions as Q. When the
sampler's Sow indicator is calibrated in
seaual volumetric units (Qul Qo is caicylated

an

QA’Q‘X(P.-/T'-KT-JP—)

where . - .

Qua=sverage low rate st EPA referenee
conditions. std m*/min:

Q, meverage flow rate at ambient conditioms,
o3 min:

P, =averege barometic pressure during the -
sempling period or wveruge berometric

. . . . pressure {or the sanpling site. kPa (or

mm Hgk ,

T =average ambient temperature during the
sampling period or yeasonai aversge
ambient temperatare {or the sampling
site, K:

Toc=standard temaperdture, defined es 298 K&

P mstandard pressure, defined as 1013 kPs
{or 700 mez Hg).

112 Calcolate the total volume of air

sampled ae: .

Vs Qua Xt

where .

V. . =total aic sampled in standard volume
enits., 1td m:

lmsampling time, min. i

113 Caiculste the PMw comcentration as:

PMio s (We— W) %104/ Ve

where .

PMes = mass concentraticn of PMie. ug/std
m:

W, W, final and initial weights of fiter
collecting Mg pasticies. ¢

10* meconversion of g 1o ug.

Nota.~—i! more than one size fracdon in the

PMie tixe rxoge ia callected by the sampier,

" the sum of the aet weight gaia by aach

collection fter ([ We=W,]] ta used to
caleulate the PMie mase cosaantanon.

120 References.

1. Quality Assursnce Handbook for
Air Pollution Measurement Systems,
Volume L Principles. EPA-£00/9-768-00S.
March 1978. Avsilable from CERL ORD
Publications, US. Environmental
Protection Agency. 28 West St. Clair
Street. Clacinnati. Ohio 45288,

2. Quality Assurance Handbook for
Air Potlution Measuremeni! Systems.
Volume [I. Ambient Alr Specific
Methods. EPA~§00/4-77-027a, May 1977.
Availabie from CZRI, ORD Publications.
U.S. Eavironmentai Protection Agency,
29 West SL Clair Sireet. Clocinnad,
QOhio 45253.

1. Clement RE, and F.W. Karasek.
Sample Compaosition Changes in
Sampling end Anslysis of Organic
Compounds i Aeroaais. Int. |, Eaviron.
Analyt Chem., 7:108,1979. .

4. Lee. RE Jr.and | Wagman A
Sampling Anomaly in the Determinatica
of Atmospheric Sulfate Concentration.
Amer. Ind, Hyg. Assoc. [., 27256, 1968,

S. Appel BR_ SM. Wall, Y. Tokiwa.
and M. Haik. [nterference Efects in
Sampling Partculate Nitrate in Ambient
Air. Almps. Eaviron., 12:919, 1979.

& Coutant, R.W. Effect of
Envirczsental Varianbies an Collection
of Atmospheric Sulfate. Environ. Sci.

"Technel., 11:873, 1977.

7. Spicer, CW., and P. Schumacher.
Intecference iz Sampling Atmospheric
Particulate Nitrate. Atmos. Enviren.,
11:673, 1977. '

& Appel. BR.. Y. Tokiwe. and M.
Haik Sampling of Nitrates in Amhient
Alr. Atmos. Environ., 135:287, 1581,

4. Spicer. CW., and PM. Schumacher.
Particitlata Nitrate: Laheratory and Field
Studies of Major Sampling Interierences
Atmos. Eaviron., 13:543, 1979.

10. Appel. 3R Leatter ta Larry Purdue,
U.S. EPA. Eavironmental Monitoriag
and Sappert Laboratory. March 18, 1582
Docket No. A-22-37, D-i-1.

11, Plerson, WR., W.W. Brachaczek.

T.]. Korniski, T.]. Truex. and .W. Butier.

Artifact Formation of Sulfate, Nitrate,
and Hydrogen len on Backup Filters:
Allegheny Mountain Experiment. |. Air
Pollut. Coatral Assge. 30:30. 1980

12. Dunwoody, C_L. Rapid Nitrate Loss
From PM,s Filters. . Air Pollut. Control
Assac,, J6:817. 1986.

13. Harrell. RM. Measuring the .
Alkalinity of Hi-Vol Air Filters. EMSL/
RTR=SOP-QAD-534. October 1985
Available from the US. Eavironmental
Protection Agency, EPMSL/QAD,
Research Triangie Park, North Carolina
rni. .

14. Smith, F., P.S, Wohischlegel RS.C.
Rogers. and D.]. Mulligaa. [nvestigation
of Flow Rate Calibration Procedures
Assacisted With the High Volume
Method for Detarmination of Suspended
Particuintes. EPA-600/4-78-04", US.
Enviroopmental Protection Ag-: -/,
Resesrch Triangle Perk, Nor. Caroline
27711, 1978,

- ———



ELECTRONIC MASS FLOW CONTHROLLER
(MFC)

1 ascription
An glectronic MFC adjust the sampler's motor speed and thus maintains

a constant mass flow rate regardless of fluctuating ambient conditicns
(temperzture and barometric pressure) and filter loadings. Al ASUGMW MFC
madels are designed to cantrol HYPM10 motors with power ratings up to 3/4hp
(ASVGMW moators are rated at 0.6hp) and are available at both 50 and 80Kz,
115 VAC. All models have an adjustable flow range of 0.4 std. m3/min to 1.7 sid.
m3/min with an accuracy of =0.03 std. m3/min when operated in the
temperature range of 0°C to 45°C. |

An ASVGMW MFC utilizes a set-screw potentiometer (pot) to adjust the
sampler's flow rate. The pot is located (dependent upon the modsl) either: 1)
on the front panel of the MFC, 2) on the printed circuit card (before 1882) tehind
the front panel or 3) on the front door of the MFC (USEPA units). This pot is
adjusted after the sampler's calibration (reter to Section 4.0 of the Operator's
Manual) to set the sampler at its seasonally adjusted set point flow rate (SFR).

Elapsad time indicators (ETI) are included with all ASVGMW MFC
systems. . ETIs are mechanical devices that are activated only when the
sampler is energized. Both resettable and non-resettable ET! are availzble;
the purchaser should evaluate the options available and chosa the mode! maost
useful in their monitoring network. The ETl's mechanical digital totalizer is read
in either units of XXXX.X hours or XXXX.X minutes.

ASI/GMW offer a variety of MFC systems to our customers. The foliowing
is a brief description of the MFCs and combination MFC/timers provided with
ASI/GMW HVPM10 samplers (Figure B-1).

1. Model SA350/G310

This electronic MFC is sold as a single unit and is encased in a
steel all-weather enciosure. In HVPM1Q samplers, GMW-{P-801

AND GMW-IP-10-8000, it is electronically wired to activate when
the master timer energizes the motor.
2. Model SA352/G312
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This is an MFC that has been mated with 2 Mode! 302 electronic
digital timer/programmer. Tnese two units are packaged in a
single steel all-weather enclosure znd are sueplied in HVPMIQ
systems SAUV-10-H and GMW-IP-10.

3. Mode! SA353/G313
This is an MFC that has been mated with a with Maode! 70

mechanical 7-day master timer. These two units are packaged
tegether in the enclosure that housas the Model 70 timer. A Model
76 master timer may be substituted for the Madel 70 master timer
at the user's option. The Modei SA353 and G313 are supplied in
HVPM10 systems SAUV-11H and GMW-{P-1C-70C.

Note: All MFC systems must have a minimum of 0VAC to operate correctly. it
is recommended that each sampler equipped with a MFC have a separate
circuit to preclude low-voltage failure. Due to amperage fluctuations, the use of
portable generators for power supplies is strongly discouraged.

Th f ration
The electronic MFC is designed to control the sampler's mass flow rate
over the range of 0.4 to 1.7 std. m3/min. Since mass flow rates are zlways

expressed in terms of standard conditions, and an HVPM10 sampler must be

operated in terms of agctyal conditions, ASI/GMW calibration procedures use the-

MFC as a device to set the sampler's operational flow rate to a "centered" (in
respect to the required design flow rate) seasonaily adjusted flow rate. For
turther information, please refer to Section 4.0, "Calibration Procedures.”

Simply stated, the MFC controls the sampler's flow rate by increasing or
decreasing the motor speed by adjusting the input voltage to the motor. The
MFC ability to operate carrectly, is therefore dependent upon line voitage and to
a lesser extent, the motor's pcwer rating. A separate power circuit for each
MFC sampler is recommended and a minimum of S0VAC is required.

Each MFC consists of two basic components; 1) a temperature
differential sensar and a feedback control circuit that varies the voltage input
into the motor. The temperature differential sensor is a short (4-in) metal-
covered glass probe that is inserted into the throat of the sampler's filter halder.
(Note: At one time, ASVGMW also manufactured a long-probe model MFC that
was campatible with HVPM10 samplers equipped with plastic filter holders,



These long probe MFC and plastic fiiter holders are no longer in precuction,
pleasa contact the factory for additional information. )

The temperature differential probe cansists of a gas tempersiurs sanser
and canstant temperature hot-wire anemometer. Gas passing the temperature
sansar (the apen area on the probe) has a cooling effect that is proportional to
the pressure, temperature, and velocity of the gas. The anemameter, 2 heated,
metal covered tungsten wire, provides a reference temperature. The ratio of
temperature change between the temperature sensar and the anemometer
determines the voitage input into the sampler's motor.

The prebe and related electronic circuitry produce an output signzl that is
proportionai to the mass of the gas flowing past the probe. The feedback
control circuit cantains the electronics necessary to vary the input valtage to the
motor $o as to maintain a constant, mass flow rate.



Flow Range:

Agcuracy:

Seasar:

Motor Type:

Ins:ailacian:

Construction:

Dimensiocas:

Power:

Shpg. We:

SPECIZTICATIONS

15~80 SC™, adjuseable.

Betrer than : 1 SC¥M over
o .0
-207C ta 53°C tcemperature

range.

Rugged metal-coverad type
with temperature compansation.

Compatible with series wound

or. universal or split-capacitor

type.

Electronics enclosure mounted
on Hi-Vol shelter, semsor
inserted inte 17/64" dia.
hole in filter holder.

All solid-state electronics
in a weatherproof enclosure.

Electronics: 6.25" x 9.0" x 131.75"
WLD: Metal-covered sensor: 0.25"

dfiaz. x 3.0" L.

115 vAC, 50/60 Hz, 10 amp. max.
(200/230 VAC available).

8 1lbs.

Maets all EPA Specifications:
Federal Register, Vol 47, No.
December 6, 1982



MATNTEINANCE

The Model 310 requires little maintanance in most cases
If the probe sensor gets coutaminaced by dust accumulation (e.g. if the
8" x lo" filter breaks and allows.dust to be pulled across the sensor),

it should be cleaned by brushing with a solvent such as acetone or mecthanol.

Andersen recommends keeping the probe sheathed in its protective cover if

it is removed from the chroat of the Hi-Yol.

If che probe or electronics enclosure are damaged, call the

factory:

ANDERSEN SAMPLERS, INC.
4215-C WENDELL DRIVE
ATLANTA, GEORGIA 30336

TOLL FREE (800) 241-6898
(404) 691-1910

-3



TAQUILE SHQQOTINC

sSymoeam
l. Is 310 ruaning teo high or low?

Cazraction

w

4) Is che probe gzaoparly liaed ug?
b) Are the paper and grote clean?
¢} Is there a laak ypscreaa? (too low) 12 nenme then the uait
nrobally needs recalibration.
Symggom
2. Does it oscillace?

Cerrac=ion

a) Make sure filter paper is in place! (If there is no filter zaper

—

the systea oscillates because the cine constant of electranics
is slower than the change in mass £low rate)

Svymotom

1. Can't get full mass flow rata?

Correction

a) Cheeck Hi-Vol motar first by bypassing -310.
B) Inscall-b:ushes,
€} Change paper and Hi-Vol motor.

Symptom ) '

4. Hi-Vol running full blast?

Correction

a) Zither the diac or triac is bad. (See instrucsion manual for
locaciaon) If the ::iacris bad your unit will run £ull fore
with the diac aut of the system. (reglace)

b) If not then diac is bad.

Svmosom
S. Unit does not come on at all.
Corresction

a) Check ta see if the cransformer primary or seccndary leads
have broken loose. [f so re;older or replace transformer.
Calibracion procedures are outlined in the instzuction man-
ual. CAUTION DO NGT REMOVE PROBE'WITH POWER APPLIZD OR
YOU WILL DESTROY IT. (The circuit saesiintinaca resistance
and turns the Op Amp all the way on and with no cuzrent
limit it buzns up one of the sensors. .?aygclo:e attention
t0 proper wiring as inpfaper wiring of probe also can destroy

One of the sensors. See instruction manual before attempting



Trounle sShcotiag

componens replacement oan the clirsgcuir board. Check wish khe
factory far proper pracadures. . .
Svmptcx
6. Flow probe dirty?
Corracticn
a) Disconpnecs all power plugs from the unis.

b)] Remcve flow probe.
¢) Clean with water usiag camels hair brush.
2} Clean again in alecohal.
e) Re~insrall in Hi-Vol being certain not to re-ceonnect
power Gords uneil cperation is complete.
NOTE:
When returning the 310 to the factory. : .
a) Wrap the preche in a proéec:i?e covering being certmain it
cannct he damaged in transit. In all cases the probe musts
be returned with the Model 1310 as.bé:h are balanced and

calibzated taogether.
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ITEM

31
@2

-
-

clL
c2
c3
C4
cs
Dl
D2
Dl
04
DS

=D

- -

Rl
R2

R4
RS
R6

RS
R9
<R10

Rll

R12
R13
Rl4
R15
RL6

R17
Rl8
R19
R20
R20A

Ql
Q2
Qa
Q4
Qs
Q6
Q7
HS

M
N300l

Q-SY.lt
Spum Pois

Made/ J/9, 3/08 ang 3704
COMTONENT PARTS LIST

DESCRIPTION

PRINTED CIRCUIT 30ARD
TERMINATL, STRIP 6 (l-6)
TERMINAL STRI? 6 (7-12)
CA2ACITOR .022 MFD
CAZACITOR 220 MFD & 35V
CAPACITCR 100 MFD @ 10V
CAPACITOR 3300 MFD & 25V
CAPACITOR .47 MFD 8 200 V

EROXY BRIDGE RECTIFER VEQE8 s Jw:
w.} S&--—r(f)

DIODE 141 (Replace
DIQODE ZENER 1N823

DIQDE ZENZR 1NS5242

DIQDE ZENER 1NS242

PEQTQO RESISTOR v7TLTA10
RESISTOR 5 WATT 30.1 ohms
RESISTOR RN6OD

RESISTOR RN60QD factory selectad
RESISTOR RN60D

RESISTOR RN6OD.

RESISTOR RN6OD 9.09K ohms
RESISTOR RN6AD 20K ohms
RESISTOR VARIABLE 2X ohms
RESISTOR CARBON 270 chms
RESISTOR CAREBON 820 ohms

RESISTOR RN60D factory selected r 7K % wdk =¥,

RESISTOR RN6GD 10K ohms
RESISTOR RN6QD 9.09K chms
RESISTOR RNEQD 9.09K ohms

RESISTOR RN60D factory selected z#41&k Huw.ilsg )

RESISTOR CAREBON 36X ochms (75X chms in

220 VAC version)

RESISTOR VARIABLE, 25T,.2X onms (2¢

{R.ssrs'rcn VARIABLE, 25T, 2X ohms (See)

RESISTOR CARBON 270 chms 10% -
RESISTOR VARIABLE, 25T, 2X ohms

RESISTOR VARIABLE 10T, 2X ohms PANETL MOUNT
TRANSFORMER, TRIAD F-40X, or Equiv.

OPERATIONAL AMPLIFIER, 741EC
OPERATIONAL AMPLIFIER, 741lHC
TRANSISTOR, MJE 520
OPERATIONAL AMPLIFIER, 741lHC
OCPERATIONAL AMPLIFIER, 74lHC
TRIAC 8 AMP ISOLATED TAB SC l42D
TRIGGER DIAC 1NS761

HEAT SINK

METER READOUT, 310R

FLOW PROBE ASSEMBLY
ENCLOSURE

* FOR 310B
** FOR J1OR
*w* REMOTE FLOW ADJ.

QUANITY

*

HﬁtTPHFHHHPHHHHHHHHHPHHH*PHH

*

e el
* %

[
g
*
L 4

% »

»
]

e e e
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COMPONENT PARTS LIST

TERMINAL STRIP NOMEMNCLATURE:

DESCRIPTION

+ OUTPUT FOR 0-5 VDC
- QUTPUT FOR 0-3 VDC
TRANSDUCZR QUTPUT
RED LEAD TO PROBE
BLACX LEAD TO PRQBE
SILVER LEAD TQ PROBE
AC OUTPUT, TO HI-VQL
AC COMMON (GROUND)
AC 0OUTPUT, TO EI-VOL
AC LINE VOLTAGE

AC GROUND

AC LINE VOLTAGE

SIGNAL . .
SIGNAL (GROUND)

(GROUND)
MQTOR

MOTCOR

w

—
P
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AT NUMBER

350-90Q1
350-002

30-0403
-30-2Q04
330-003
. 10=0Q08
. 10=007
350~008
-30-20¢

- 0=-010

I30-QL1

. 30-012
520-013
350-014
2 0-015
<20-01s
350-017
Jh0-018

350-ale
250=020
I N=Q21
3sp-922

I 0-023
<-.0-024
350 025

0-Q2¢

0-Q27
538-028
“0-029

0-Q30
3530-031
180-032
T 0-033

Bad Hed Lo ton b,

150-034
! 0-035
1.0-036
350-037
3 0-038

350-039
3°0-040
1 0-041
'30-042
i53~-043
P 3~044
1.Q-045
;50-046

SERIEZS 330 FLCW CONTROLLER
PARTS LIST

DESCRIZTIONM

Probe, 20chm/l1860chm
Resistcor, 30.1 cnms, 3W, 1%

Resistor(pair), Factory Selected
Resistor(pair), Factory Selected
" Resistor, 80-100K, k%W 1% selected

Resistor, 200K, kW, 1%
RPesistor, 8.2%X, xW, 5%
Resistor, 820chms, %W, 5%
Resistor, 240chms, %W, 5%
Resistor, 100X, %W, 1%
Potentiometer, miniaturs, 10K
25 tuzz,1%
Resistor, 30.1X, %W, 1%
Resistor, 2.7K, %W, 1%
Resistor, 33 ohms, %W, 5%

- Resistor, l1.8K, =W, 5%

Resistor, 330chms, %W, 5%

Resistor, 47 ohms, %W, 5%

Potentiome=ar, 10K, Ten Turn 1%
Panel Mount

Resistor, 15K, u#W, 1%

Resistor, 7.35K, %W, 1%

Resistor, 5.1K, %W, 1%

Potentiometer, Miniature, 10K
Single Turn, 1%

Resisteor, lX, kW, 5%

Diode, 1N91l4

Diode, 1N4QQ2

Dicde, Zener, 1N753a

IC, Zener, LM329BZ

Capacitor, lOmf, 16V elect.
Capacitor, .33mf, 50V Tant.
Capacitor, 2200mf, 35V elect.
Capacitor, .lmf, 400V
Capaciter, .lmf, 63QV

{for 230 VAC version)

Bracket, Transformer
Transformer, PC-24-450
Transformer, DPC-24-450

(for 230 VAC version)
Transformer, PE=-5760
Screw, 6-32x%, Tl Hold down
Nut, Keps, 6-32, Tl Hold down

IC, LM324N, Quad Op-Amp

Transistor, 2N2907
Regulator, LM317LZ

R26
R6,7,13,17,19,2:
’R1l0
R36
R27
SRR

R8,12,15,34
R16,24,33,37
R13 '
R20

R21

R22

R30

R14,28
R2S
R2S
R3%L,32

R35
cR1,2,4,5,9,10,1.
cR6,7,8,13,14.1°5
CR3 ({discontinuet
CX3

Cl,2
c3
C4
CS
CS

BKT-1
Tl
TL

4 each
4 each
Ul

Q3
Qe



PAGE TWO
SERTIZS 350 FLOW CONTROLLER
PARTS LIST

to
o

350-092

RITIRENCE
SART NUMTc2 DESCRIZTION DESIGNATION

350-047 Transistor, MJES520, NPN Ql
350-048 Transistor, 2N3906, PNP Q2
350-~049 Transistor, 2N3504, NPN Q4,5,7
350-050 Transistor, 2N4871, 0OJT Q6
350-051 Triac, SCl42D Q@ Lomus TE~1
350-052 Dome Washer, Ql Mounting Eardware WW-1
350-053 Insulator, Mica IN-1
350-054 Socket, DIP, l4 pin
350-055 Connector, Ribbon Cable assy.
350-Q056 Header, Connector, P.C.3
350-957 Relay, PC mount, l2VDC R¥L (X-1)
350-058 Screw, 6-32x3/8, THE-1 Mtg. Hdwre. 1l each
350~059 Nut, Keps, 6-32, TH-1 Mtg. Hdwre. 1 each
350-060 Fuse clip, 2 each : FC-1
350~-061 Fuse, 8 Amp, slo-blo 314-008 FU-1
350-062
350-063
350-064 Heat Sink . ES-1
350-065 ' Screw, 4-40x¥x, Ql Mtg.Hdwre 1 each
350-066 Nut, Keps, 4-40 Q1 Mtg. Hdwre l each
350-067 Terminal Block, 9 Terminal TB-1
350-068 Thermal Grease sSn-1
350-069 -~ Printed Circuit Board BC-~1
350-070 Box - Short B-1
350-071 :
350-072 ‘Fraont Panel, Model 352 b-1
350-073 Shaft lock, for 350-018 SL-1
350-074 Stand-off, 1lk", assy. SO-1,4
350-07s8 Stand-off, 1 3/8", assvy. 50-2,3
350-9076 Strain Relief, Pwr. Cord Set SR-1,2
350-077 Strain Relief, Probe SR-3
350-~Q78 Cord Set, Male & Female C-1
350-079
350-080 Latch, Enclesure L-1
350-081
333-082 Model 302 Clock P.C.B. Assembly PCB302-1

-Q83
350-084 Elapsed Time Indicator, ll5VAC/60hz ETI-1
350~08S
350-086 Circuit Breaker/Switch ce-1
354087 :
350-088 Meter Movement, lmA Read-1l
350-049
350-050 Washer, 60 duro, retrofit
350-691 Bulkhead fitting, retrofit See I.M.

15° Block, 2 part, retrofit
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CONTINUQUS FLOW RECORDER



CONTINUQUS FLOYW RECCRDER

1.0 Descriotion
Each ASI/GMW cantinucus flow reccrcer (PN#G105) comes equicged

with a pen cartridge (PN# G107), a bax of 100 recsrcer charts (PN# G106) and
cannecting tubing. The flow recorder is a borden-gauge unit which resgoncds o
changes in plenum pressure causad by either flow restriction during the
sampler's calibration, or changes in flow rate during the sample period. It also
pravides a hard-copy of the sampler's flow rate stability and indicates any
interruption of the sampie peried (i.e. power or motor failures).

The flow recorder is supplied with a femaile AC receptacle pawer cord.
The recarder can be wired to be an continuously or only when the master timer

energizes the HVPM10 sampler.

2.0 Theorv of Qperstion:

The sampler calibration procedurs presented in this Operator's Manual
(Section 4.0) relates known flow rates (as determined by a calibrated transier
standard orifice device) with the ratio of atmospheric ta plenum pressure. The
plenum is the area within the motor housing (aft of the motor unit) in which
pressures exceed atmospheric. To measure the plenum pressure, ASUGMW
equips all their HYPM10 samplers with a continuous flow recorder (Figure B-1)
that is connected to the motor pressure tap by a length of rubber tubing.

The sampler's operator must install a clean recorder chart for each
sample period. To install a char, the following procedure should be followed:

1. Open the recorder daor. Raise the pen arm by gently pressing against
the flat portion of the pen lifter. Never energize the sampler while the
pen arm is raised; this will result in 2 warp of the pen arm and possibiy
damage the spring inside the flow recorder.

2. Slip a clean recorder chart beneath the pen arm and over the slotted
chart drive. Make sure that the chart is held by the twe chart clips
located on the face of the recorder.

Note: During periods of inclement weather, or when the sampler
is being operated in a humid environment, twa recorder charis

can be installed simuitaneously. This practice will prohibit the

[B]



Flow Event Recorder
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sample chart from becoming achered to the recorder face and
nct edvancing throuchcut the sample pericd.

3. Lswerthe pen arm. Ensucra that the reccrcer is preperly zerced (the
pen resis on the inner-mos: circle cf the chart). Adjust the set screw
{loczted on the botiem right cerner ¢f the recorcer face) as necessary,
Advance the chart to check the zero and to ensure that the pen is
inking.

4. If the recarder is wired to cperate continuously (e.g. plugged directly
into line voltage) turn the slctted crive clockwise until the correct time is
indicated by the pcinted chart clip. If the recorder is plugged into a
Master Timer, sat the time far the beginning of the next sample period.

3. Close the recorder daor and engage the locking mechanism. Inspect
the connecting tubing for crimps or cracks. |

6. The recorder is now ready for the next sample period.

Caution must always be exercised tc ensure that the tubing does not
beccme pinched in the shelter door.

The pressure recarder is supplied with an pen cartridge that requires no
filling. When aperated in an and environment, the pens may dry out befaore the
ink is exhausted. If this occurs, place the pens in a sealed plastic bag with a
damp cloth or Kimwipe. Pens have a life of approximately 3 to 6 months
{dependent on the sample frequency) and shouid be repiaced routinely as part
of a preventative maintenance schedule. To repiace the pen, follow the
procedure presented beiow: :

1. Lift the pen arm by pressing gently on the flat portion of the pen lifter.

2. Slide the old cartridge off the pen arm, being careful not to bend the

anm.
3. Lay the new cartridge on the pen arm with the tip centered in the Vee

cut.
4. With the forefinger and thumb, deflect the hinged retainer, and snap it

into the engaged position around the pen arm.

The circular chart paper is time marked and logarithmically scaled. The
flow rates printed on the chart are only for reference purposes; the sampler must

[9Y]
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‘be calibrated to determine operational flow rates. The continuoys racaorder is
net designed 25 2 dirsct readoutingtryment.
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sample duration {up to 24-nh) to the discretion of the aperator. A digital,
non-resettable elapsed time indicator is included. The Model 801
crevices three cistinet pregramming mades: 24-h, episode, and §-day

sampling schedules.

5. M i : fi a Timer/P

Fravides the same programming capability of the Mods! 801 but
includes adcitional features, including an auxiliary battery for clock
cperation in the event of power failure. When primary power is
restored, the timer will cycle as originally programmed. The “power
tailyre® indicatcr lamp continues flashing to signal that failure has
cccurred. By comparing the elapsed time- with the programmed.
sampling time; it can be determined i the- sampling period was
affected. Model 801 providas three distinct programming modes: 24-
h, episede, and 6-day sampling schedules. Changing from program
modes or sample duration is achieved by simple manipulation of a
thumb wheel. The actual and total elapsed times are varified and

displayed on cammand.

rating P I
2.1.1 Madeis 70 and 76, Mechanical 7-Day and 6-Day Skip Timars, respectively

1. Placs ths timer's ON/OFF "Flipper*® switch (located on the bottom of
he timer wheel) in the OFF pasition.

2. Plug the.male power cord of the timer into the line voltage and
¢onnact the remaining electrical components of the HVPM1Q sampler.

3. Set the trippers by placing the A", or bright trippers, at the sample
start time. Placa the "3", or dark trippers, at the sampler stop time.
Place the “Flipper” switch to its ON position.

4. The timer will now tumn off and on the sampler automatically.
Note: For manual operation, use the timaer's °“Fiipper® switch
exclusively. Manual cperation over-rides the automatic settings.

2.1.2 Model 302 Digital Timar/Pragrammer
1. Qpen the cover of the timer enclosure. Turmn the sampler's main power

switch to OFF.
2. Plug the male cord into line vaitage (115 VAC for Madel 302, 220VAC

far Modat 302X)
3. Plug the female cord into the sampier.



4,

o

Press the.“Power® switch toc ON. The pump will not energize. If an
optional battery is used, ccnnect battery at this time. Note: When

pregramming, he cigits will flash untl sat.

Set present Time of Day": Set °Display” switch to “Time of Day".
Hold DOWN the “i2st/slaw” switcht as necessary tc sat. Tha "Time of
Day" is 4 24-h format.

. Setthe "Sample Start Time™: Set "Display” switch to "Sample Start

Time*. Hoid DOWN the “fast/slow"switch as necessary to sat.

NQTE: The "Sampie Start Time* must be at least 20 minutes zftar
the present "Time of Day”. Tha "Display” switch must not be in the
"Sample Start Time® made within 10 minutes of the initiation of the
sample period.

To use the "Delay Stan" programming capability (Sampie attar X
days, 0-8 days, maximum), set the “Sampile After” switch tc the
number of days ta be skipped befars the next sample period. Pasition
*0Q" will initiata the first sampling periad as saen as the time of day
matches the sample start time. Or in other words, no days wiil be
skipped. Pasitian 1, the timer will skip one day, Position 2, two days,
ate. |

To uss the "Skio Timar" (samole every X days, 1-9 days), sat the
*Sample Every” switch t0 initiate one sample every X days. Position 1
samples daily, Position 2, every second day, ste.

. To set sample duration (sample for X hours, 1-24-h), set the "Sample

For* switch for the number of hours that the sampler is ta remain

anergized.
Note: The switches referred to in steps 7-8 ara positive detent

switches that provide exact timing. if the switch is not in the detent, it is
nat usaable,

10. Set the timer by pressing the "Sat" switch DOWN ta the "Timer

position momentarily. Flace the "Sampler® swilch in the “Timar"
position.

Nates:

. Flashing time display indicates AC and battery power failure.
+ AC Powaer Fail light indicates failure of AC power. during sample

penad.



+ Display may be left an. Battery lifa however, may be shortened
to approximately 24-h if AC pewer fails.

« The ETIrecsres ihe ictal time sample is left cn. AC sower {ziiurs
sicps E11 untii pawer is restored.

* The power switch usas a circuit brezker. ‘When circuit is broken,
the QN button pops UP. it more than 15 amps are drawn, the
circuit breaker will trip even it the butten is held in. Resst is
acccmplished by pressing the ON button.

2.1.3 Modai 801 Sixtn Day, TImaer Programmar
Mccei 801 preovides three cistinct programming maodes: 24-h, episcde.

and 6-day sampling schedules. For ail modes discussed below, the real time
clocks, “A® and "8 are set to the actual time of day. Both clocks rotate clockwise
together with the top position of the power switch.

The white ON and black OFF tabs of clock "A" are set at midnight. The
function af clock "A® is t@ sequentially advance the indicator light every 24-h.
The tabs are secured together under the clock face and must be moved
together. The OFF tab of clock "A" must never be permitted to swing around in
front of the ON tab. This will resuit in a burn out of the stepping mechanism coil.

The ON and OFF tabs of clock "B” are naedeqd only while in the episode
sampling mode. The function of clock "B~ is to act as a series switch to the
output, according to the setting of the ON and OFF tabs. The saries switch af
clock "3” can ba brought into the circuit by placing the toggle switch between
the two clocks in the right hand position.

The indicator lights are wired in parallel and indicate the day or position
ot the stepping mechanism. As a result, it is possible for more than one
indicater light to glow when the timer output is activated. To reset the indicator
light, all seven day switches must be in the DOWN paositicn.

The timer is arranged with three power cords extending down from the
bottom of the unit. The male cord is plugged into line voitage, the left-hand
female cord is the timed output and should be piugged into the mator, the right-
hand cord is an auxiliary output that is not timed.

24-H Sampling Schedule:
1. Set ail seven "Day" switches and the "6-day Sample” switch in the

DOWN position.

)



2. Reset the indicator light to the presant day by pressing the "Day

Rasat® switch.
3. Set the toggle switch between clocks "A" and "S° 2 its leR-hanc

pasitien.
4. Place the desired "Sampling Day(s)" switch{es) in the UP pesitian.
The sampler will activate at midnight. ’

Egiscde Sampiing:
1. Set all saven "Day” switches and the "8-day Sample switch in the

DOWN positien.
2. Reset the incicator light t0 the present day by pressing the "Day

Reset" switch.
3. Set the taggle switch between clocks "A” and "B" to its right-hand

position. _
4, Placs the desired “Sampling Day(s)" switch(as) in the UP pasition.
5. Set the ON and OFF tabs of ciock "B for the sample start ard stop

time.

§-0ay Sampiing Schedule:
Nota: When programming for 6-day operation, disregard the

names of the sample days. The days of the week shouid be
refarred tQ as positions and not as Monday, Tuesday, etc.
1. 'Saet all seven “Day” switches in the DOWN pasition.
2. Resat the indicator light to the fifth from the leit position (Thursday) by
pressing the *Day Reset” switch.
3. Place the "5-Day Sample” switch in the UP pasitian.
4. Placs the sixth from the left switch (Friday) in the UP paosition.
5. Saet the toggle switch between clocks "A® and “B" to its left-hand
positicn.
The sample period is from midnight to midnight the following aay
or pesition, and every §-days thereafter.
2.1.4 Modaeil 8000 Scild State Timer /Programmer
1. Remove the battery compartment cover to expose the battery and
loose battery clip. Attach the clip to the battery and repiace the cover.
This battery shouid be checked every six months and replaced
annually (subject to frequency and duration of any power failuras).
This battery should be disconnactad when the timer is in transit or
storage to preclude unnecessary power drain.
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Plug the male ccrd into line veitage. The left hand female corg is the
imed cutput (¢ be ccnnecieq ¢ the sampler mator; the right-nand ccrd
IS an auxiliary cutaut that is ~et umed.

Press the "Disclay On/Tgtai Time” butten to acuvate the time cisolay.
Set the corract time (military time, COCQO heurs) using the fasyslow time
buttens. This cisplay wiil remain on for saven minutes unless resat by
repeating this step. If bright sunlight makes saeing the display or
indicaters cifficuit. cicse the deor to partially bieck the suniight and
darken the power.

. Heset the power ‘ziiure incicator by pressing the "Power Fajlyre

Resat” button. :
Manually activate the sampler 10 ensure that the mator is operating

correctly. Press the ON button, the sampler should energize. Press
the OFF butten to turn off the sampter. N accurnulated time results
when using these manual controts. It is not possible however, to tum
the sampler off within the first minute of programmed cperation using

these centrols.

. Reset the "Day Indicator" lamp (tap row of lamps) to the present day by

pressing the "Set Day” burton.
Select the start and stop times on the thumb wheel switches (in

military time). For a midnight to midnight sampie, set bath at 0000

hours.

. Set the "Day Mode" thumb wheel to the frequency ¢f sampiing cesired.

Pasition 1 will sample every cay, Peosition 2, every other day, etc.
When using Pasition 7, more than one sampie day can be selected
and the sampler wiil aciivate on the same day(s) each week.

. To check the elapsed time after a sample, press the “Display On/Total

Time" burten. To reset the total eiapsed time, simuitaneously press
the "Display On/Total Time" and “Display Test” buttons. Note: [f the
power ‘ailure indicator blinks ingicating loss of power, the failure could
have occurred during a non-sampling period. Press the "Display
On/Tatal Time” butten and campare the elapsed time with the sampling
iime indicated on ihe thumb wheel switches. If the readauts are
identical, the failure occurred during the non-sampiing period. If a
discrepancy exists, subtract the elapsed time to detarmine the

sample’'s duration.
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RETRO-FIT INSTRUCTIONS,
SIZE SELECTIVE INLET
MODEL 321-A 7O 321.8

1.0 _Beackaground:
The original SSI's were developed by Dr. A.R. McFarland of Texas A&M

University (TAMU) under an U.S.Environmental Protection Agency (EPA) grant
to meet a potential 15 micron (um) ambient Inhalzble Particulate (IP) standard.
After research and field studies, the EPA reconsidered this particulate indicator
and decided that an indicator based on the concentration of Thoracic
Particulates (those particles that can be entrained in the respiratory system,
<10um aerodynamic diameter (a.d.) provided a better indication of the potential
health effects from particulate pollution.

Dr. McFarland modified the single stage, 15pm S8l to obtain a 10.2 um
cut point under funding from Andersen Samplers, Inc. (ASi). This inlet was soid
by ASI and General Metal Works (GMW) from March, 1982 until May,1984
under a Model 321 designation.

Although the Model 321 inlet met all of the prevailing performance
specificaticns for PM10 inlets, Dr. McFarland developed an improved SSI, the
two stage Model 321-A. During subsequent EPA field performance evaluations
however, it was determined that a greased collection surface was required
(within the SSI) to prevent a potential "carry-through” of iarge particles (>20um).
at PM10 monitoring sites subject to high winds.

Later TAMU data analysis determined that the of 10.2um inlet cut peint
(original design of Model 321 and 321-A iniets) could be madified to a cut point
of 9.7um by using a smaller diameter acceleration nozzie. A 8.7um cut point
meets not only all Federal Reference Method (FRM) inlet specificatians (iniet
cut point of 10um £ 0.5) but also resuits in lower mass concentration measure-
ments. Hence, the development of graased shim and nozzle insert .retro-fit kits
for both the 321 and 321-A inlets.

Once modified with a greased collection surface, the 321 and 321-A
inlets are designated Reference Methods (RFPS-1287-065 and RFPS-1287-
064, respectively) and are referred to as Model 321-C and 321-B, raspectively.
Note: Nozzle insertsfor Model 321-A inlets are not required for FRM
designation, they are however, recommended by the manufacturer. Please
refer to Table 1.1.



m
Iniet Description

Refsrence Method Mocdel Number
Designation Number

RFPS-1287-064 Mode! 321-8 Modified 321 -A inlet
1. Twa Accetleratiaon

Nozzle Stages
. 8.7um, £0% cut point
3. Greasad czllection
shim an first stage
4. |nlet hood removabie
cleaning

[\

for

RFPS-1287-065 Model 321-C Moditied 321-Iniet
1. Single Acceleration

Nozzle Stage
2. 9.7um, 50% cut point
3. Greased collection
shim
4. Iniet hood removabie
for cleaning

RFPS-1287-063 Modei 1200 1. Singie Acceleration
Noz- zla Stagse

2. 9.7um, 50% cut paint

3. Greased collection

shim '

4. Inlet body hinged for
¢leaning

Table 1.1 ASV/GMW Inlet Description

(M}
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Descrigtion of Modificatign Ki _
Each Greased Shim and Nozzle Modification Kit (PN#G 120035)
consists of the following components and is cffered free to all ASVGMW
customers who have purchasad Model 321 or 321-A inlets. As indicated belaw,
individual items can be ordered and purchased separately.
1. Collection Shim Kit: PN# G120030
a. Collection Shim Plate: PN # G120027
b. Collection Shim Clips: PN# G120028
¢. Dow Silicon #316 Grease PN# G10544 or SE290G
2. Naozzle Modificatian Kit (3.2um): PN# G120034
a. RTV adhesive: PN# G10596
b. Nozzle Plate Gasket PN# SS!1-20
Note: ASYGMW will exchange any Model 321 or 321-Ainiet for a
new, hinged body Model 1200 SSI. The exchange price is
450.00 per unit plus freight. Please contact the factory. '

i N Madifieation Kit Installation Pr:

Note: The installation procedures presented below are
applicable only to the Model 321-A SS! (Figure 1) . Contact the
manufacturer for modification instructions for the Model 321.

1. Gather the following tools:
° Flat Head Screwdriver
® Power Drill with 7/32" Ol Bit

¢ Crescent Wrench
2. Remove the inlet hood by remaving all of the spacer bolts that affix the

hood to the inilet body. Lift the hood carefully and piace it on the floor or a
workbench, dame-side-down to avoid warping. The acceleration nozzle
piate will now be visible.

3.. Remove the tweive (12) boits that attach the acceieration nazzie piate
(PN#SSI-109) to the inlet hausing. Gently lift the piate and piace it an the
floor or a workbench, nozzie-side-up ta avoid contaminating or damaging
the nozzies.

4. Discard the naozzle piate gasket (PN# SSI-20) that forms a seal between

the acceleration nazzle plate and the inlet housing.

51
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3. Remove the first stage ccllection plate by lagsening the four (4) boits and
litting over the inlet heusing. Carefully pface the collection plats onto 2
level, sturdy surface, tep-sice-up. ‘

6. Using a power dnll with a metal 7/32" drill bit, drill twe hcles in the
collection plate at the locations shown in Figure 2. While drilling,
exercise cauticn to aveid bending the plate.

7. Mount the twa shim clips (PN# G120028) as shown in Figure 3.

8. Clean all intericr surfaces of the SS! using a clean cloth or Kimwige
Inspect zli nozzles and vent tubes and clean with a bottle brush zs
necessary. Ensure that the collecticn plate is completely clezan; remcve
any metzal shavings or residual debris.

8. Return the collection plate to the sampler inlet. Replace and tighten the
four (4) retaining bolts.

10. Place the collection shim (PN# G120027) on a clean, flat surface at some

distance from the rest of the inlet. Spray the shim with a thick coating of

. Dow Silicone #316 (PN# SE209G) n ti nv other substance
without _cantacting the manufacturer. ~ Shake the can, and haeliding it
upright 8 to 10-in. away, apply a "generous” amount of silicone spray.
Over spraying will not affect the perfarmance of the inlet, s when in doukbt,
apply more spray.

11. Allow 3 to 5 minutes for drying; the shim should be tacky (not siippery)
and have a slightly cloudy appearance before placing it in the inlet.

12. Lift the greased collection shim by the edges and place it on the callectien
plate, greased-side-up. ,

13. Hotate the two (2) shim clips 90° s that they are placed aover the edge of
the greased callection shim.

14. Inspect the acceleration nozzles and clean as necessary using a soft
clean cloth or Kimwipe.

15. Install a new nozzle plate gasket (PN#SSI-20).

16. Reversing step 3, install the acceleration nezzle plate.

17. Place a small bead of RTV (silicone caulking) adhesive acn the bottam lip
of an acceleration nozzle insert (Figure 4). Press the nozzie insart firmly
into an existing nozzle. Repeat for the remaining eight (8) inserts.

18. Remove any excess adhesive from the edges of the nozzle inserts.

19. Replace the inlet hood by reversing the procedures present_ed in step 2.
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20. Attach the enclesed gummed labe! to the autside of the SSI. This label
prevides naotics that tha inlet has been mcdiiied to become a Medel 321-8

ta
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4 0 Maintenance Activities:
The SSI hced should be inspected every szmole pericd for dents ar
irregularities in the inlet gap. Centact the manufacturer if dents excaeding 1/2

are noted.
In general, AS/GMW reccmmends a therough cleaning of the SSI after
13 days of sampling; which, on a 6 day schedule would caorrespend to 3
calender months. If the TSP can be estimated from histarical dzta to the site, It
is recommended that the schedule shown be used.

MAINTENANCE FREOUE=N cY

AVERAGE ESTIMATED

TSP AT SITE NUMBER OF INTERVAL, ASSUMING
STD. pg/m3 SAMPLING DAYS 6-DAY SAMPLING SCHEDULE
40 30 6 months
75 15 3 months
150 10 2 manths
200 5 1 months

Procedures for cleaning and mamta:nmg the Model 321-8 inlet are as follows:

1. Inspect the four shelter draw-catches for proper tension.  Adjust as
necessary by the first loosening the lock-nut an the hook-catch rad. To
shorten the catch length, turn the rod clockwise; counter-clockwisa to
loosen. After adjustments are complete, re-tighten the lock-nut. Do not
over-tighten, distortion in the inlet housing can resuit.

2. Remove the hood (reverse assembly procedure presented in section 3.0,
step 2) and clean the nine (9) acceleration nozzles with a small bottle
brush. Wipe all internal surtaces with a damp cloth ar Kimwipe.

3. Remove the acceleration nozzie plate according to procedures presented
in section 3.0. Clean the twelve (122)accleration nezzies with a bottle
brush or clean cloth.

4. Inspect the collection shim pattern. A normal greased shim pattern is
indicated by a circular pattern of particle collection directly beneath the

acceleration nozzies. An overioaded shim can be identified by bars or

stripes of depasit between the margins of the circular depasits.

m



5. Re-grease the collection shim by following procedures in section 3.0,
steps 10 and 11.

g}
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