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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 EnvironmentaI 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 a11 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 (SWMUs) 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 Dexsilm C1- or 

irnmunoassay screening. la ;ldditl~a, dinxt push t~~hnology CI$PT) may be used as a screening 

tool to obtain groundwater, sail and sail vapor samples. At a minimum, physical surveys will 

be conducted at USEPA Data Quality Objective (DQO) Level I1 protocol. Field sarnplinggaij 

well as ths: DPT screening eff~zts, 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 11, 

sample analysis and data collection efforts will satisfy USEPA DQO Level 111 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 Iower 

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 Iand 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 Iimited areas which remain 

undisturbed, consist of recent and/or Pleistocene sands, silts, and clays of high organic content. 

NAVBASE is underlain by a plastic caIcareous 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. 

f .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 outIined by the Guidelines for Groundwater Classification under the 

EPA Grounbter  Protection Strategy, Final Draft, December 1986, the shallow groundwater 

is classified as Class IIB, Potential Source of Drinking Water. In addition, the groundwater 
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relating to the site has been classified as an underground source of drinking water (Class GB) 

by SCDHEC (Water Class@cations and Standards, R.6 1-68). 

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 shallow 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. Figures 1-2 and 1-3 indicate the lacatha of pre-RFI well 

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 lcph 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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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). 

August 

September 

October 

November 

December 

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 Chadeston 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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Note: 
* (S.C. SEA Grant Consortium, 1992) 

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 Amy 

Corps of Engineers authorized depth of 38 feet below mean low water. The periodic 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 signifkant wetland community exists in the 

intertidal emergent zone along Shipyard Creek. Vegetation consists primarily of Spartina spp. 

"Dernersal fish species which are typicaIly associated with the lower water column and substrate 

of Charleston Harbor include star drum (Stellfer lanceolatus), croaker (Micropogon undulatus), 

bay anchovy (Anchoa mitchilli), Atlantic menhaden (Brevoortia tyrannus), spotted hake 

(Urophycis requis), weakfish (Cynoscion regalis), spot (Leiostomus xanthurus), blueback herring 

(Alosa aes~ivalis), white catfish (Ictalums catus), and silver perch (Bairdiella chrysura). Other 

fish species commonly found in Charleston Harbor of primary interest to recreational and 

commercial fisherman include 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 brevirostnzm), 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 tramects 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. Army 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. 

I .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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2.0 GENERAL REQURJiMENTS 

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 SWMUfAOC on another. 

The benefit to be gained at one SWMUIAOC by sampling at another. 

The possibility of environmental contamination migrating onto anlor 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 WI 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 s?te 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 

staidess-steel sampling sleeves if applicable, the sample numbering system, quality 

assurance/quality control (QAIQC) sampling requirements, and sample packaging. 

Documentation requirements to be discussed will include the use of field forms, field logbooks, 

and documentation of photographs. A checuist 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, pesticidesIPCBs, 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 staidess-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 fdled below the 

shoulder, mark the level with a permanent marker or grease pencil. VOA bottles will 

be filled until there is zero headspace. 

a 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. 

a After collection, samples exhibiting obvious visual or olfactory contamination will be 

separated from the samples not exhibiting such evidence of contamination. 

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

a 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. 

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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o A trip blank, prepared by the laboratory, will be shipped 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 

(HCI). 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 weIls 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 fi-om 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 (1RP)-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 

l / r  and 119 (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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Setup Procedures: 

I .  Review past disposal practices to identify target and non-target areas. 

7 -. Determine the minimum size of target to be identified. 

3.  Reconnoiter the site to identify areas of potential magnetic interference (e.g., meml 

fences, metal buildings, and power lines). 

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

target detection. 

5 .  If anomalies are expected. estimate their intensity. 

Establishing a Grid System: 

6. A South Carolina-registered surveyor or EnSafe/Allen & Hoshall (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. If possible, establish the grid so the lines are 

perpendicular to the target axes. If not possible, align the grid north to south or anchor 

it to a permanent site fearure. 

7. 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. 

8. 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. 

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

more than one year ago, return it for recalibration. 

Total Field Measurement Survey 

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

person operating the maenetometer must be free of any magnetic material (e-g., steel-toe boots). 
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Survey Procedures: 

1. PIace the magnetometer at a station. properly orient the sensors, and collect the reading 

in accordance with the manufacturer's operating manual. 
-? . Hold the magnetometer approximately 0.5 meters above the ground surface to obtain a 

reading. At subsequent grid nodes, the magnetometer must be heid at the same height. 

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

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

appiicable 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. colIect total field measurement at 0.5 meters above the ground 

surface. 

1. Collect a second reading with the sensor approximately 1 to 2 meters above the point 

where the first reading was taken. X staff will be designed to hold the two sensors so 

separation can remain constant. 

3 .  Record the second value and the distance between the readings. 

1. Record any additional comments in the field logbook. 

? 
a -  Collect readings at the remainins 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 masnetometer to continuously monitor the magnetic field. The data are then corrected 

manually or by software in dizital magnetomerers. Method 2 is more costly but more accurate. 

2nd is sometimes necessary due to prevailing conditions. 

3.2.2 Electromagnetic Induction Survey 

This section describes the procedures for conducting an electromagnetic (EM) survey with an 

EM-3 1 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. 

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

spurious anomalies affecting target detection. 

3. If anomalies are expected. estimate their intensities. 

I. The EM survey can be completed with horizontal and/or vertical dipoles, and with 

conductivity witwwithout in-phase component. 

5 .  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 before use each day in accordance with manufacturer's specifications. 
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If site activities are expected to last more than one day, select a local standard site in the field 

ro 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: 

1. Select a reference base station without nearby conductors and obtain a reading with the 

EM instrument. 
1 . 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. 

3. 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 f 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-3 1, 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 

ar a fixed height. Horizontal dipoles are usually used since they provide the deepest penetration 

tabout 12 meters). Vertical dipoles are only useful in certain applications (i.e., when better 

resolution at shallower depths is required.) 

In 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 SurveyIGeodetic Survey 

When the field investigation is complete, a survey will be conducted to locate all sampling 

locations. both horizontally and vertically. The venicai elevations will be surveyed to an 
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accuracy of f 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. p., pavement). Geodetic surveys will be 
L 

conducted usins a differential global positioning system (GPS). The cadastral survey will 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, arxd QQD pfiamer 

rnquir~rnents. Surface soil sampling will be conducted in accordance with Section 4.11 of the 

ESDSOPQAM found in Volume V of the RFI Work Plan. Surface samples are defined as 0 to 

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, or DIrf yrrobie equipme&$ frequently are used for deeper subsurface samples, 

depending on the depth of the sample to be collected and the soil type. Samples collected using 

a drill rig or pmVmg equjpmnt may include steel split-barrel samplers with stainless-steel, 

plmtjrc, or reffon 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 wilI 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" C1- Screening 

Dexsil" C1- screening is an effective tool for pesticidelPCB 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 

1. Attach power supply. 

2. Fill the electrode with filIing solution provided by the manufacturer. 

3. Empty the electrode by pressing down on the white cap. 

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

5 .  Fill one 40-1111 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. 

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

16. Weigh 10 grams of soil in tube. 

17. Empty contents of one extract solution into tube. 

18. Shake for one minute. Let settle for two minutes. 

19. Setup drying tubelsyringe apparatus. Place apparatus in black-capped tube. 

20. Use polyethylene pipette to remove at least 7 ml of extraction solvent from top of soil. 

Place solvent in open syringe. 

21. Apply pressure to syringe to force the solvent through drying column at a rate of two to 

three drops per second. 

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

23. Break the bottom clear ampule. Shake for 10 seconds. 

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

60 seconds. 

25. Add 5 rnl of extract solution (using 5-ml pipette). Shake for 10 seconds. Vent cap (turn 

112 turn), squeeze tube, and cap tightly. Shake vigorously for 20 seconds. 

26. 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 minutes. 

Analysis 

29. Remove electrode from rinse solution. Wipe dry with Kemwipe". 

30. Place electrode in extracted solution. 

3 1 . 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. 

4 3 llqJ$ij'i$@S1 ~ a m p f ~ : i ~ w a ~  jUhW Bfrlr 
- .... r:. ............................... ... . :. :;. .:., :.,:.: :::..: .:.:: .: /:... .. ... .......................... .. .................... 

Dm consists of vehicle maunbed probing equipment which applies bath static force and 

hydiaulicalfy powered percussion hammrs for . p b e  placement. To o w n  n soil sample at a 

desired depth, a sampfa coflecxian &vice is attached to #et kading end of the pxobing rod and 

driven inu, the subsurface. The size af the sampie ~XXecdcra device is dependent p the 
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manufacturer and rhe value  of sample required, This screening method may be used for 

sampling where fYtO kuet fX cfitaia is  permitted. 

The procedures outlined below are aftpf icable to equipment used by a majority of DPT venders. 

f.Xowever, if the DPT sampling approach by the selected vender differs h m  the outlined 

procedures, the deviatiuxls will be outlid and submitted as an amendment to the zone specific 

work plm, At a minimum the foltowiqg prwdura will. 'be a&& to. 

1,. . S e  &e focatian(:(s) to be sampxpid, A utility contfiir:toc will t3e required to ensure an 
undeqpmd &&y is rrgt osfmrttiaglhe pathway of the probing rod; or to &redm the 

tocation of the utiw (ice+ fitel, gaaiCetgr sewer or stann sewer line) to be investigated. 

2, Don penanat protective cfoihjng and equipment as ~~ by the sitespecific CHCASP. 

3. Position DPT equipmentfvehicfe eit desixed probing lactition. 

4. Shift &e veh'ife transmission to park,, shut off ignition; and activate parking brake, 

5. If the desired probing lowdon is beneath an asphaltic or crmcrete Mace ,  the sudace 

pavement will be cored. ff the DPT equipment: does mt contain cnring equipment, the 

core shall be completed prior Step 3- The coring hole shan be of sufficient diameter to 

alfow the probing rod adequate clearance, and wficient depth to access underlying mil 

6. Ensure, probing equipment and rods  are vertically positioned. 

7. Drive the eiased sample collection deuim using static force or bydrauNcafly powered 

percussian hammers to the ~ctp of the desired sampling depth, Once at &is depth, the 

sampler is opened, then is advanced the &If Iength of the sampler mbe. 

8. T k  sampler assembly is then retracted from the hole, and the liner containing ihe soil 

9. If additimi samples are required at the same location but at differing eievations, a elean 

new liner is inserted and the probo is ptaced into the same borehole and advanced to rhe 

next sampling interval, Repeat Skps 3 and 8 umil all required samples ate obtained 
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fQ. Refer to Section 4.6,1 Step 16 for processing stm?ples colfacted with m without 

1 .  LLabet the samples in accordance w&h Secti~a 11 of this CSM,  

12. Wpon cornptaion of the sample recovery, the hob wiil be gxoutt3d fmm bmum to top. 

f 3,  A1 1 sampling equipment is d e m h k d  in ac~:ordance with $ation 1 S of this CStlP 

before use and &tween each sample eoltsctb pint ,  

X 4. C q f e t c  tlx EiiM lagbook entry and soif brhg Jog for the site. 

4.4 Surface Soil Sample Collection 

Before Surface Soil 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 other debris from the surface around the boring location. 

4. Place clean plastic sheeting on the surface near the sample collection location to hold 

decontaminated sampling equipment. 

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

During Surface Soil Sampling: 

6 .  Remove surface debris from the sample location. 

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

unexposed surface. 

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

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

9. 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 

Teflonm-lined bowl. Collect enough to fill all the containers. 

Mix sample in accordance with ESDSOPQAM procedures using a decontaminated 

stainless-steel or Teflonm-lined spoon or spatula. Do not mix samples for VOA 

analysis. 

Place the homogenized mixture into the appropriate sample containers. 

For Toxicity samples : 

Empty contents of sampling device into appropriate sample container. 

Toxicity samples will not be composited. 

10. Secure container with Teflonw-lined cap. 

11. LabeI 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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3.  Clear vegetation and other debris from the surface around the boring location. 

4. Place clean plastic sheeting on the surface near the sample collection location to hold 

decontaminated sampling equipment. 

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

During Augering: 

6 .  Begin augering to the depth required for sampling. 

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

log. 

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

contaminated auger bucket and replace with a decontaminated bucket. 

9. 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. 

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

After Augering: 

11 .  Backfill the borehole with excess cuttings, neat cement grout, or hole plug as the 

site-specific work plan stipulates. 

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

13. Place used plastic sheeting and other disposable sampling equipment in the designated 

drum for disposal by the Navy. 

14. Complete the field logbook entry and soil boring log for the site. 
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4.6 Sample Collection by DrilI RigIBackhoe 

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 Iocation(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 sampIing 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. 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. 

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

12. 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. 

13. 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. 

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

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

assembly with a decontaminated hammer to loosen threaded couplings. 

16, 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 bow1 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: I f  the recovery is not complete (< 2 feet), submit the two sleeves with the 

most complete recovery. 
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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 

CSAF'. 

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

work plan stipulates. 

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

27. 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. 

28. 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: 

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 ground surface. 

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

5 .  Align the decontaminated drill rig to the sampling location. 

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

During Sampling: 

7. Advance augers to the desired sample depth. 

8. Attach a head-assembly to a decontaminated Shelby tube. Attach the Shelby tube to the 

center rods. 

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

bottom. 

10. 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. 

11.  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. 

12. If the Shelby tube does not have a full recovery, pack the remaining space with paraffin 

to prevent soil movement within the tube. 

13. 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 mechanically 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. Collect 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 

handlesJrods, 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. 
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5.  If the test trench is deeper than 3 feet and personnel entry is required, waIls must be 

stabilized according to Occupational Safety and Health Administration (OSHA) 

requirements. 

6. 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. 

7.  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. 

8. 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. As required, collect samples of the stockpiled soil for Toxicity Characteristic Leaching 

Procedure (TCLP) analyses. 

10. 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. 

1 1. 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. 

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

federal regulations. 

4.6,4 Continuous Cow S ~ l f n g  U&g RaWiasothk DrHbg Mdbds  

Barehafes driilei to &pit& gettkr than 20 feet BQS may be W i e d  us& a rota8on.i~ &fling 

techntque &at will allow a c o n b ~ u s  soif core sample to be caitlectai. This merhtd employs 

tbie use of high frequency vibratim and rotation to rapidly advance drifl carsings. Seetian S,S 

gives a detailed description of the romon3:c drilling and mptjrxg method, 
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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 installations 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 (HydroconeTM, HydropunchTM, etc.) will be 

obtained from the SCDHEC prior to installation. Specific items to be included in the request 

are listed below. 

Proposed monitoring well designation number. 

Site map showing proposed locations of the monitoring wells. 

Proposed monitoring well construction details including materials of construction, depth 

of monitoring well, and depth of screened interval. 

Proposed monitoring well construction procedures including hydration time for bentonite 

pellets and cure time for bentonite grout. 

Justification for instaIling 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. Shallow rnadturing wells will .he desiwted awarding IQ t # ~  Naval 

facility name (first three digits), investigative zone (on digit], the SWMUIAOC number (three 

digits), and the unique well number (three digits). For example, if moaitoring well 23 is 

instafled at SWMU 9 in Zone H at Naval Base- Chafteststan, & grouodwaar monitoring well 

designatioa would be "N3CH009023"x Supp~ment~l grid hasd ~ o & Q & ~  we% wit1 fequirr: 

a slight: variation to tXre identifitfiation &ystem, fm .two digits of the SWU/AOC field 

described above will be replaced wit3t W chara~tets "OD* ta 'uxdicate t-3Ee wlf i s  grid band, 

The -drird digit wiff be rq&c& with th.e correvodmg hvw&&ve mne. An example wmld 

be grid based wet1 L instaxled in Zone H at NavaX Base C3xdeston. The designation wmfd be 

"NIZCRGDH(#lil". The idenmdm of deep morritofhg wfls wlU adhere to the same system 
with the additian of the letter "33" (to Mica% deep) k h g  added to the end of rhr: 1;haactex 

~&&g, Pre-existing wells will be designated by modifying the we11 name to correlate with this 

monitoring well designation system. A unique number must be assigned to a11 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 generaIly 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 u$&g; i !# f fQ~f '&~  
. .  . .................... ...... :.... ... .. ..... ..... . ......:.... ............................ ....... 

augen, If hollaw stem augm are USHI in flowing conititjoons, vuam may be ad&& to the 

augw to keep them c k r  of smd. Rotasonic will be & pwfemd mefhod for M I h g  in 
saturated W a  to depths greater &an 20 feet. The rata~cmif: mehod can maintain a head of 
water that can be prwrizecl fa push back fiuwing sand as the sample tube is exhckd. 
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Section 5,5 gives a detaifed description of the rotasonic sidling and sampling methad. In the 

unfikely event botb of these mc%hods hil, 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. 

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 weI1-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) wil1 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 Iimit the entrance of 

formation materials into the well and minimize head loss, the following procedures wilI 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. 



TYPICAL ILLUSTRATION OF MINIMUM SPECIFACTIONS 
FOR MONITORING WELL CONSTRUCTIQN 

4" OR GREATER 
STEEL PROTECTIVE 

LOCKING DEVICE 

CASING SHOULD STICK 
UP APPROX. 3'ABOVE GR 

GROUND SURFACE 

2" SCHEDULE 40 PVC 
LOWER LIMIT OF FROST ZONE WELL CASING (NSF STANDARD 14) 
(MIMIMUM DEPTH BELOW 
GROUND SURFACE 2') 

THREADED COUPLINGS WlTH TEFLON 
TAPE OR TEFLON "On RlNG 

PORTLAND CEMENT (NO GLUED FITTINGS) 

GROUTED INTERVAL 
MUST EXTEND FROM 
LOWER LIMIT OF FROST 
ZONE TO THE TOP OF 
BENTONITE SEAL 

>2' BENTONITE SEAL 

THREADED COUPLlNG WlTH TEFL0 
TAPE OR TEFLON "Om RlNG 
(NO GLUED F ~ I N G S )  WELL GRADED SILICA SAND 

2 10' SCREEN OF THE SAME 
SELECTED FOR GOOD 

MATERIAL AND 1.D. AS 
YIELD AND LOW 

THE MAIN CASING 
TURBIDTTY IN THE 
SCREENED FORMATION: 
EXTEND 2' ABOVE THE TOP 
OF THE SCREEN 

CAP ON BOl lOM EXlEND FILTER MATERIAL 6 
INCHES PAST BOTOM OF WELL 
SCREEN, IF POSSIBLE: 
DO NOT OVERDRILL BY 
MORE THAN 5'. 

NAVAL BASE CHARLESTON 
CHARLESTON, S.C. 

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

CHARLESTON, S.C. 
LOG - CONFINED AQUIFER 
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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. 

2. Place plastic sheeting on ground near the area to hold decontaminated equipment. S e  

tht! lcatisa(s) to be sampled- hfake sure .e iis clear of dlf undermnd rtnd overhead 

utilititx using Pubtie Works lhpwtment d i t y  maps. Cteairr vegetation and debris from 

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: 

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 if a wnventi~rnil water or mud rrrtary method is  u d ,  

Check depth of hole with a weighted surveyor's tape. if hollow &em augefs at rotasonic 

is  used h is not necessary to move tjxt: MI string at this point s h x  the well kill he 

constructed through the center of either 'the augers or $he casing, 

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 

8, Prepate the dry sand or and slurry fur the fflw pak, 
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. CondiCiom permitting, the filter pack wilf be instalfed to a 

deprh of appmximtely 2 feet above the tap of the screened interval. 

11. Check depth to top of filter pack with a weighted tape. 

Install Bentonite Seal 

12. If well is deeper than 20 feet, tremie bentonite pellets (not powder) on tog 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. If well i s  deeper than 20 feet, the gtoul should ldbe tremied iato the annuhrs using a && 

discztarge! ~emie  p&, 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 
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well cover or locking protective casing. After the protective casing has been installed, 

the remaining concrete should be poured into the pad form. 

18. 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. 

19. If the well design specifies traffic barriers, dig holes and install four steel protective posts 

(4 inches diameter, 6 feet length, 114 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. Record appropriate constructionlcompletion information in the field logbook andlor on 

appropriate field log forms. 

21. 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. 

22. Rivet the well identification plate on the protective casing. 

23. Brush paint bumper guard posts with high-visibility yellow epoxy paint (American 

Association of State Highway and Transportation Officials [AASHTO] M220). 

5.43 Deep WeU Xnstdhtion Contingency 

The "deep" wells being &idled du& the RE1 are gwerdlfy &ways paired with a shailow well. 

'Fhe scfcmed iaennraf of the sksffow weUs isl intended ta bracket W w&ef tabre which is  

appmximatcty five feet below ground surf= @gs) at NAVBASB, 'I% deep  welt^ are imtaaed 
on tog of' the Ashley Parmatian ffmerly known. as & Cooper MsA) 'wW serves as the 

lowermost. b a & q  of the s@.i.kiai aquifef. Ommliy the tap af the Asbfcy Funmzion k $ o d  
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In some instances the Ashley Formation has been e w m t e r e d  at depths less than 30 feet bgs 

surface. If a "deep" wen to be Wtl& under these conditions with a 10 foat screened interval 

it would likely result the collec$ian af data with lh&ted aCtded vabe beyond the data obtained 

fPom the paired shaflatw well. To accommodate such situations the fallowing logic will be 

adhered to by field wrstmmef when making judgement decisions regarding lfie installation of 

IE, d* lh? driflfingQf@ dtXpwjI .*+ 

f .  the Aslriey ?~frnSIhit~~wmrcxf at a depth uf 630 fiw bgs and the proposed deep 

well is pair& wi& a sbilaw welt, the bmdmle will be labdoned as specified in Seetian 

4.6 and the deep well will not be installed. If sample analysis tram rhc paired shallow 

welX indicate the pateatiaf DESAPh are- ptesent, the need for a deeper well wilt be 

2. the Ashfey Formation is encountered at depths between 30 a d  35 feet bgs the deep wet1 

wilt he installed using a five foat screen. 

3. the Ashley Formarion is eacountered at depths >; 35 feet bgs the well wit1 be instalfed 

w i a  a 10 foot section of scmn in accordance with. either Section 5.4.2 at 5.4.4 

5.44 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 to 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 I.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 Su@ace Casing 

(FoIlow 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 a f&$$$f~i into the ........................ x... :...: ..... ..:>: . . 

confining bed. 

7. Mix cementibentonite 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 We11 

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

...:. > ................................... 

gobortic ........................... :cash$. 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 



Final Comprehensive Sampling and Analysis Plan 
Naval Base Charleston 

Revision No: 02 
July 30, 1996 

reach the surface. Check depth of the hole with a weighted dewn$amixtaited 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 not 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 

16. Prepare tk dry sand ar sand slurry, then proceed from the next step listed &low. 

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 

f 8. 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. 

.g9. . . .. .. . .. .. .. 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 
20 

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

2%;. . . ... .... . . .. . . . . . .. . . . 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. 

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

time ( - 24 hours) before proceeding with well development. 

Construct Wellhead Pad 

3 ,  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. 

25, Four steel protective posts (4 inches diameter, 6 feet length, 114 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: 

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

on the appropriate field logbook forms. 
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27, Return to the well site after the concrete has cured for at least 24 hours and remove the 

forrn. 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). 

5.5 Rotasonic Drilling Method 

Rotitso& drillhg has r e ~ a t l y  emerged as a tmhmlagy capable of solving the problems 

encmrntered when drilling in samted uncotlsoliW sediments. Bomh~ies drilled to dew 

greater h a  20 feet BGS may be ittsfal1.ed using the rotasonic tecfraique. 

Rotasonic drilling cumbines rotational and high frequm~y vibratbd forces to advwe the drifl 

bit and driU pipe in the borehok. The pxhmy design difference between romooic drilting and 

other types of rotary systems is the incmpora~un of m oscillator, fwated in the drill head, &at 

produces v ibrat id  energy. The vibrational frequency generated by the osciilator can be 

adjusted for different drilling conditions. Rapid drifling rates result f m  matching the 

vibrational fretpiemy of t&e drill pipe with the mmt ffequertr=y of w h  10-foot care banel 

or driU pipe section, The resultiag high amplitude w a w  within the core bane1 or &ill pipe an= 
transmitted to the drill bjt. Tbis ~ibfatioxral energy, combined with the m~tional enexgy, allows 

effective operation in both unconsolidated and cunsalidated anaterial. Rotasonic drifting can be 

conducted at rates greatly exceeding those of other rotary techniques. 

Basic: equipment associated with a rotasonic drill rig includes the vibmtorylsscilfatory t o p  

mounted drill head, mast, elevated drill phtform, motat, hydraulic pump and lines, drill center, 

drill p ip,  anb core barrels. A nrpp~rt truck for hotding driU pip ,  core barrels, and other 

drilling matcriais is  spotted ar the rear of the drilling platform. Use of a second vcMc1e to hold 

drill pipe allows aff+location dwontaminatiorr of .these materiais without moving the drilf rig 

itself. The drill rig also has the capability to cany fOOO gallons of  patable drilling water. 
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The rotasoriic drill rig can be operated by ~ n e  drifkr and s driller's helper. The driil head is 

lowered d m  rhe mast to a aorscine; &eight abwe the driif p lat fm and is rnwharnicakly mated 

f om a vertical to a horizonM orientation. BydWic mdxnkai vises rfipidfy connect driU pipe 

or core bamt sections 'to the drill h a d -  The drill head is &en raised and routed to a vertical 

orientation prior to drilling, Iwmpmtion of thet rotating drill had, automated rises, and the 

etevated Mf #fatTom results in a &c, clean, efficiettt ddling process, 

The borehole i s  drilled by a4vancia.g two tines of drill pipe. A &.xided Mil bit is  amcW m 
the base of the core bmi, which has a K i  inrPer diameter @D),and sl4.54~41 outer & i r  

(OD]. The: m e  barrel, which is 10 fbt in length, is comtetd .trr dm 4.5-inch pipe and 
is advanccxf to the desired depth by using high f i q m y  vibmtiun and rabkion, fo~ing art 

undisturbed, wntinuous care tat0 che cure M, Wen the cote bmef reaches the desired 

&pa, a larger outer drill. pipe: w& a 5.83S-*wh OD i s  adviWed atorrg the autsitk of the coxe 

barref, to the same depth. The larger drifl p i p  is lefl in place ta b i d  open the Mrehfe white 

the inner drill pipe, care band, and smpte am retrieved- This assembly is mmoved fr0.m tfie 
borehole and ratatcd tu a: 445 degre~ oikaatioa relative to tfre &if1 mast, The cam mysk Is 

exMtdt:d wnictilfy ixitO a plastic skew, whi& i$ p M  on a core @fc fof W q a c e :  ;rtz~&ysB, 

lithologic description, and pwsibfy retained for chemical analysis. T b  ouw portions of & 

sample mn wilt be sXtav& away m errsure &at sail that was in contact with the: plasio sleeve 
is not colkcted for analysis. Equipment rime 'blanks m a  be taken of a m i 1  psemt$e of the 

plastic sleeves that the samples are extruded into, Refer to Section 13 d' this volume for 

fxequency of equipment; rinse blanks, 

The con barrel is removed, reptW with a dwntambted banel and returned ta the W M h ,  

The prucw is then repeated, with the core barrel always driven ahead of the Outer pipe to 

ensure representative. sampling. Successive 6 h h  diameter corm am litid end*Xo+~d for 

iichologic description and sampfing. &x this mawer, a comp1ete li&af£!@c core from graund 

surface t the desired depth w readily be obained. This &ling method also offers & 
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advantages of Faster drilling rates, reduced amounts of IDW, and reduced labor cmts. Specific 

drifting ancf samplimg procedura a= outlined below, 

Befire I&&viaRic Sampling: 

f ,  Don pemmf protective clothing and equipment, as required by fhe site-specific HASP, 

2- Stake the location(s) to be sampled. Make sure area is dear af ail underground and 

ow,x%eait utijith using Public Works Department utility maps. Clear vegetatim and 

deb&+ fisrmz mmitarhzg well dte. 

3,. :'.: .. -,gfastic shewtkg on grotmd near the wis $0 hotd deeoataminated equipment. The 

ddlthig area d t  h n  be positively cleared using et~romagne~ic &ehniques. fn highly 

developed amas a 5-faat pifat hole will be advanced jnmualiy prior to drilfing.. 

4. Clear vegetation and debris from the ground surface, 

5 ,  Pfepa* the site by placing pXastk sheeting uver the sampling lacation aad the sampling 

6. Set up the decontaminated drill rig at the sampling fwatim. Decan will be performed 

in accordance with Section f 5 of the CSAP. 

7. Set up a drilling fluid containment. system over the borehie focation- A w~r- t ight  seal. 

between the ground surface and the bottom of the contaiament tank will be created usiug 

8. A d ~ a m  the i m r  drill pipe and core barrei to the desired internal, Disconax4 .the drill 

head fmm the innex drifl pipe and mate the drill head to a horizontal orientation, Attach 

a bogtfi of otttes drill pipe casing to the drill head and raise the drift bead white mating 

the drill head back to the vertical orientation. 

9. Advance the outer drill pipe casing to the same depth as the h e r  drill pipe and core 

f 0, Retrieve the h e r  drill pipe, cute baml, and sample. 
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f 1, Remove the sample con from the inner barrel, The sample is removed from the wFe 

bmel sunkally arxd p&d directly ink a asmpfe sleeve. Zi~Mlogy catx be detemed 

12. Caflect analytical sample from sample care. M y  the inf.erva1 to be sampled needs to 

be exposed during this step to minimize personnel exposure, 

13, Gbange out the lead h e r  care -1 with a W m a a t e d  ttamf. Advance the mfe 

bar& 20 ke t  past the outer drifl. pipe. D i m Q  the drill head and rotate tfie head to 

a hurizontai orientation, Connect another section oi wter drill pipe casing. Route the 

drill head 'back .to a ve&d orienution a d  make-up the MZ@P drill pipe casing joint, 

14, Discoaf~ect .tlhs: drill head k m  the mte~ drill pipe casing and raise the drill h d  

15. Pmp potabie: water &ugh the- head to fill the m X u s  @tween the h e r  

and outer drill pipe fur Iubt'ication. When water shows at the: vent space, 

re-connect the drill head to the au&r drill p i p  casing and advme the ouw &ilf 

pipe easing to the efevatfurz of the lead core barrel. 

16. R e p t  steps 10-15 until ttre desired depth is reached. 

f 7, fump any drilling fluid which has wwmtitared in the contabenx system intu a clearly 

18, Backfill the borehale with neat cement grout, or install a permanent monitoring weill. 

acc~w to the methods dismsssd in Stxfiua 5.4, The uafy excqfi~n to mcdtwbg 

well .installation *th ratxmai6 i s  fhm it3 BD need fat a &mie pipe fox welts W t e r  than 

20 ;Feet in depth, The trtonitarinrg well 3s completed within the amlu8 of the m r  drill 

pipe casing. As the outer drill pipe casing is puzfed back, &e s d  pack is sonicatly 

vibxatcd into pbce against a smooth boxhole: wall elimmdnp, the threat of bridging, 

The . . .  same &ids true tbr e m p b a  of the htt ,dte seal. 

f 9, Remove the drilt rig ttr the hvy-equipnrie:n& dxa~~tamination area, 
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20. Place used plastk sheeting md other dipab le  sampliag equipment in a cfeazly marked 

21. Recmd atl. relemt information in the field logtwak before leaving Ehe site, 

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 submitted 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: 

Brainard Kilman hand pump 

Centrifugal pump 

Peristaltic pump 

Bladder pump 

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 f l.O°C 

pH: within f 0.5 standard unit 

Conductivity: within f 10 percent from the duplicate 

Turbidity : relatively stable 
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Pumping: 

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

2. Begin pumping the well. 

3.  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. 

4. 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 : 

pH: 

Conductivity : 

Turbidity : 

within l.O°C 

within f 0.5 standard unit 

within f 10 percent from the duplicate 

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. 

2. Remove development equipment from the monitoring well and decontaminate (if 

required) in accordance with Section 15 of this CSAP. 

3.  Lock the well cover before leaving the site. 

4. Record all pertinent information in the field logbook, 
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6.0 GROUNDWAmR 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 Teflonm vacuum container, 

depending on the depth of the well. All pump tubing will be constructed of a Tygonm- or 

Teflonm-lined material. If a pump is ineffective or impractical for successful purging and/or 

sampling, a Teflonm baiter 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 Teflonm 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 flow 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. 

8.  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 
....................... purging and sampling are detailed in Sections 6;3;i&& ................... &,ZJ. 

.......... .: ......................... i..: ... :.:.... 

6.13 Grwdwatw Sampling Screenin$ Using DPT 

To- obtain a groundwater sample, the probing rod 'Is driven into the subsurface to the desired 
dep* then retracted to expose the sampling area, If the water beating zone does nut produce: 

a sanrple in a Wety mimer, a tcmparary m o ~ ~ n g  well wilt be insthiled in acmrdwe with 

Stxtiufi 6.12 ofthis CSM, This wilt allow the DPT equipmakt tw p w d  tcs the mxt smplmg 

loca-tion, while canSinuirtg to draw the gmndtkater sample, Once tke required voltme Js 

ncovered, the dser pipe wifl be m o v e d  aocoJrdhgly, This screening mefhod m y  be used 

where ppC, hue1 I3 cr i ta ig i s  pemitted. 

A general procedure wtiining the D T  method is provided betlow, however, .them procedures 

may vaxy between DPT equipment x r x a ~ ~ t u r e m ) .  ?'he irtitiaf setup of equipment: for 
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groundwater sampling is  the same as f6f soil sampling. Refer to Steps 1 through 6 in 

Stxtion 43.3 of this CSAP for the proc-s to setup the DPT equipment. 

7. Drive the probing rod using static form sf hydraulically powered percussion hammers 

to the desired szunpting depth. It is tu be nofed that this depth must be a minimum of 

3 to 5 feet bdow the static water level. 

For r&iruc$u&kr assembties w&th expendable drive points - 
* When the desired s m p @  deph is reached, the sampler is gulled up, which 

disengages the drive paint aad creates an open borehofe from which to sample. 

8. Aflow groundwater to fiil the void area uxsder the aquifer's hydtatatic pressure, 

9, Pet'fosm groundwater sampling in accordance with Steps 4 &~ugb 15 outlined in Smiun 
6.3 of this CSAP. 

10. Remove prctbing I.od fkom borehole. 

I .  Upon completion of the sample fecovery, perform Steps 11 through 14 outlined in 

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. 

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 



Final Comprehensive Sampling and Analysis Plan 
Naval Base Charleston 
Revision No: 02 
July 30, I996 

stabiIized 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 after 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 

are 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. 

3. Check condition of the wellhead, protective casing, and Iock. 

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 10: 

1 

WELL NO.: LOCATION: 

WEATHER CONDITIONS: AMBIENT TEMP: 

REVIEWED BY. PERSONNEL: 

1 

PURGING DEVICE 

Type devlce? 

How was the dev~ce deconramrnated? 

How was the llne decontam~nared? 

Which well was prev~ously purged? 

INITIAL WELL VOLUME 

PROJECT NAME: JOB NO: DATE. 

SAMPLING DEVICE 

Type dev~ce? 

How was the dev~ce decontamrnatedl 

How was the l ~ n e  decontam~nated? 

Wh~ch  well was prevrouslv sampled? 

PURGING 

Well d~ameter (in.) 

St~ckup 1ft.l 

Depth t o  bottom of we14 from TOC 1ft.I 

Time started Finished 

Volume purged 

Comments on Well Recoverv 

Depth to water surtace from TOC I f ? . )  

Lengrh of water (ft.1 

Depth to  water 1ft.I 

Completron 

1 

Well Volume Purged (qa1.I ------- \I 

1 

/ Water Temperature 1°C) - - - __ - - - I I 

Volume of warer ( f t . I  

(gal I 

Amounr of sed~ment at bottom of well I f t  1 

3 Volumes of water (gal.) 

IN-SITU TESTING l ime: ------- 

Depth to water 1tt.i ------- 

Add~t~onal  Comments 

Sample Collected: Stan 

F ~ n ~ s h  

i ' NOTES. 1 f t .  length of 4" - 0 087 Ir' or 0.65 gal. 1 f t  length 2" = 0.022 f t3  or 0.16 gal. 
Turbldlrv cnolces: clear. turbrd. opaque Rev~saon Date: 815192 
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5 .  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). 

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

ESDSOPQAM. 

During Purging: 

7,  Prepare the decontaminated pump, and lower into the casing. 

8. Begin purging the well; purge at least three volumes of water (water column). 

9. 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 f 10 percent of the previous reading. 

10, Purge upgradient and background wells before downgradient wells to reduce the 

cross-contamination risk. 

11. 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, suIfide is present. Cyanide samples will require 

preservation as described in Section 11.2 of this CSAP. 
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Static Volume Formula: 
V = 0.047 d*h 

Where: 
V = 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: 

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 andlor 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 

successfuIly sampling the monitoring well, a Teflonm 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 .  Don protective clothing and equipment as site-specific CHASP specifies. 

2. 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. 

3.  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. 

4. If 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. 

5 .  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.  Slowly lower the pump hose or bailer into the water to prevent aeration, particularly 

when VOA and SVOA samples are being collected. 

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

the ground. 

8.  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. 

9. If using a bailer, repeat Steps 7 and 8. 

10. 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. 

11. 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. 

12. 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. 

13. 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. 

14. 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 coIlection in the field logbook andlor 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. 
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7.0 SEDIMENT/SWRFACE WATER SAMPLING PROCEDURES 

7.1 Designating Sediient/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 malix 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 "002M0012" 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. 

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 sampIer 

and cap, or release the sediment sample into a stainless-steel bowl and immediately 

collect the VOA samples. Fill 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: 

I .  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. 

3. 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. Drive the full length of sampler into the substrate. 

5.  Carefully remove the sampler from the substrate. 

Samples collected with stainless-steel sleeves: 

6 .  Remove sleeves from the sampler, minimizing disturbance. 

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

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

specific SAP. 

Samples collected without stainless-steel sleeves: 

9 .  Extract sediment from the sampler and immediately fill the VOA container. Be sure the 

sample container has zero headspace. 

10. 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. 

11. Fill the remaining sample containers. 

12. Label the samples and preserve to 4'C. Mark top of the sample on outside of the liner. 

13. 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 Iithology using the USCS. 

Special Precautions for Deep Underwater Core Sampling: 

A boat wiII 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 wiIl 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. Decontaminate sampling equipment in accordance with Section 25 of this CSAP. 

15. Record all pertinent information in the field logbook before leaving the site. 

16. 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. 

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

3.  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 spatula to 

reach a previously unexposed surface. 

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

6 .  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: 

a Empty contents of the sampling device into a decontaminated stainless-steel or 

Teflonm-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. 

7. Secure container with Teflonm-lined cap. 

8. Label each sample container with appropriate information. 

After Scoop Sampling: 

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

10. Record pertinent information in the field logbook. 

1 I. Place contaminated disposabIe materials in the designated drum for disposal by the Navy 

in accordance with Section 16 of this CSAP. 

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

7.3 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. After 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 collected 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 Kernmerer 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. Xf samples are to be collected from more than one depth, or if the sample location 

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

Before Sampling with Laboratory Bottle: 

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

2 .  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 bottom 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. 

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

5 .  If VOA vials are pre-preserved, collect surface water samples with a decontaminated 

glass or stainless-steel device and carefully decant into VOA vials. 

6 .  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. 

7. Chemically preserve the samples as needed and seal with Tefl on'"-lined caps. 

8. 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 botties in cooler and preserve to 4OC. 

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 Kemrnerer 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 cIothing 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 Teflonm-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 Kernmerer Sampling: 

1 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 AIRSAMPLING 

8.1 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: 

I. 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. 

2.  The baselines will be flagged at regular intervals, according to the site-specific SAP. 

3. The internal grid points will then be established using a Brunton compass and measuring 

tape. 

GeneraI 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. 

2. 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. 

3. Note the sampling points on a site map. 

4. Install the soil-gas probes using either a manual disposable drive-point method or a 

hydraulically powered, van-mounted probe. 

5.  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 .  Between each sampling location, decontaminate the soil-gas probe. Do not use solvents. 

Do not re-use Teflonw tubing, 

7. Place my IDW into 55-gallon dnuns 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. 

2, Decontaminate the stainless-steel drive point assembly before use and advance it to 

slightly above the water table. 

3. Use Teflonm tubing to connect the soil-gas sampling point to the sample collection device; 

attach a vacuum pump with additional Teflon" tubing. 

4. Purge at least two sample volumes before collecting samples. 

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

6.  Detach the self-sealing vial and analyze the sample with a portable gas chromatograph 

(GC)- 

7. Remove the sampling point. 

Sample Collection with a Van-Mounted Probe 

1. Advance the stainless-steel pipe, outfitted with a disposable stainless-steel tip on the lead 

drive point, into the ground with the percussion hammer. 

2. 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 coIlect. 

3. 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. 

4. Purge at least two volumes from the sampling apparatus before collecting samples. 

5 .  Collect the sample in a pre-evacuated glass vial. 

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

7. When sample collection is complete, remove the stainless-steel sampling tube. 
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8. Decontaminate a11 sampling equipment before use and between each sample collection 

point. Do not use solvents. Do not reuse Teflonm tubing. 

9. Place the IDW in %-gallon drums for disposal by the Navy. 

Soil Vapw Sample Screening Using DPT 

DPT equipment is eapabk OF performing sail vapar surveys io identify jr a p p r u ~ t e  extent 

01 he&, iwlveats, and irXher VUCs by me~uring their coaw~t idn in the unsalumted zone. 

L)PS equipment m be used Q o b i n  sail vapor samples at, practkafly aay dakabk depth and 

lamtion. This screenitsg TIMII~ may be u%d. for mpling wibm DQO Lmef IX rri.&a i s  

A general pmmdure outiining tfie DPT method is pravidtxf blow, however, these pmehrres 

may vafy between DPT equipment marmfamrers+ The: initial stup of equipment for soil vapor 

sampling i s  tbe same as for soil sampling. Refer rn Steps 1 Wough 6 in *tion 4.3.3 of this 

CSAP fur the procedures to setup the DPT equipment . 

7. Drive the probing rod us& stadc force or hydraulically powered percussion hammas 

to the desired ampling depth. 

8. After the pipe has been advanced to the desired depth, dimgage the driw paint and 

withdrawixlg the drive pipe the required distawe need& to crate a void in which soil 

9, f f probing rod is not equipped with sample tubing, insert the same tubiing into the drive 

pipe d com~t. the tubing to a sample cofiectiofi device. 

10. C a m t  tubirng to vacuum pump. 

1 .  Wge at least two v o b s  fim the sampling apparatus before cofXecting samples. 

f 2.  Ciallect and remove tfie smpk per manufacturers requirementst 

13. Analyze the sample with a portable G.C. 

f 4. Remove probing rod from the borehole. 
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f 5 .  Upon co~pf.et im of &e sample recovery, perform Steps 11 thnougb 14 outfixied in 

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 Su@-ace 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 Iocation. 

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. 

3.  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 Su@ace 

1 .  Expose the backfilled sampler with a trowel. 

2. Using a pair of tongs, Iift 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 

(TDIMS). 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-GCIMS) . 

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 (atrn). 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. 

Sampling for prticulate matter in air will kw candwted using a PM,, sampler, in acc01d;rnce to 

the procedures conrained in 40 WR, Paft 50, Appendix f R@~rence Mdbd  for the 

Daemtinafion of Ptmicu2ate Matfey tw PM?, ia $k Amasphere, Appendix E of rfiis duament 

includes 40 CFR, Part 50, Appnd'ix J, and tlut instruction and opemtiom mama1 far the Hi 
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9.0 MISCELLANEOUS SAMPLING TECHNIQUES 

9.1 Wipe Sampling 

Wipe sampling may be necessary to evaluate whether miscellaneous non-absorbent surfaces of 

walls, floors, equipment, etc., are conmmbated. 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. 

AU 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 circurnstaxlces, 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 sarnpIing is a type of probability sampling that relies on mathematical and 

statistical theories. In simple random sampling, aH locations or portions of the waste have an 

equal chance of being sampled. For simple random sampling, the appropriate number 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 relative 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 

con taminants in the waste. Cases where systematic random sampling may be used incIude drums 

with floating or sinking products. 

I t  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 all 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 sIudge 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 sampIe volumes that are required for some analyses wiIl 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 BaiIers 

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 baiIers. 
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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 C O W A S A  consists of a 152-crn 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 

1 0  1 Hydrolab Datasonde 

The Hydrolab Datasonde 3 (DS3) Muitiparameter Water Quality Dataloggers may be deployed 

to measure in-situ water quality and tidal phases in nearby or onsite water bodies. The mufti- 

mode device wilI 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 

10-1 
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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 hydrogeology 

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 we1 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 
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zroundwater ilow on both a zone- and base-wide scale. As appropriate. and especially for low- - 
\-ield wells, slug ..- tests will be conducted. Falling-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 

to pump testing 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. 

1 . 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 Teflonm cylinder of known 

volume will be used. 
- 
I - .  Measure the rare of water-level recovery using the pressure transducer and data logger. 

1. Graph data. in depth-time pairs. and determine hydraulic 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 .  Put on personai protective clothing, as specified in the zone-specific CHASP. 

2 .  Place plastic sheeting around the wellhead. Arrange needed equipment and 

decontaminated materials on the sheet. 

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

surveyed reference mark's conditions. if any. 



Firiai Comprehensive Surnpii~tg and Anaiysis Plan 
.Yavai Bare Charlesron 
.Ingust 30, 1994 

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: 

5 .  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. 

6. Rapidly insert slug (stainless-steel or Teflon." cylinder) into the water. 
- . . Using the data recorder. record fall in water level vs. time. 

3 .  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 .  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. 

10. Decontaminate all equipment according to the guidelines in Section 15 of this CSAP. 

CIean 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. 

:VOTE: 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 slug 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 generally 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 Ievel. 

7 -. Turn on the data recorder. if used. or verify the static water level has been re-established 

with a water-level meter. 

During Slug Testing: 

3 .  Withdraw slug quickly, avoiding surging. 

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

5 .  Continue recording depth-time data until the well has recovered to nearly static water 

level. When using data recorders. check and record readinss every few minutes to 

ensure data are being properly recorded. 

6. Record rime 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 ciothing in 

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

In wells where the static water level 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 

<heck results. 

Quality Control Requirements for Slug Tests 

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 

Jlulti-Well Pumping Tests 

In general, the investigation will contain slug test results 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 

ivithdrawing 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 minimum 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 

:veils will be monitored after the pump is turned off until the water recovers to its original level 

iless residuai drawdown). Drawdown and recovery data from each pumping test will be plotted 

to produce time vs, drawdown graphs. which will 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 hydrogeologist will be provided in the zone-specific 

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

10.6.3 Tidal Influence Studv 

.At selected locations. the influence of tides on static groundwater ievels will be evaluated. 

Monitoring wells oriented both perpendicular and parallel at various distances to the shoreline 

wiil 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. 

7 -. 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. 

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

EPROM memory was used. record the file name. If a We11 Sentinel was used, download 

the data into a computer. 
4 +. Decontaminate ail 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 accordance with Section 16 of this CSAP. 

10.7 Radioactivity Screening - Gamma Sources 

Charleston Naval Shipyard (CNS) wiil perform detailed radiological surveys at all locations 

within the shipyard having any potential for radioactivity and document radioactivity levels 

which are consistent with narurally occurring background. Additionally, the Navy will be 

performing detailed radiological surveys at certain sites on NAVBASE. This information may 

be independently verified by rhe USEPA and SCDHEC. If practical. sampling should not 

proceed at any sampling point within the shipyard. or at NAVBASE sites mentioned above until 



Final Comprehensive Sarn~linp and Analvsis Plan 
.Vaval Base Charlesron 
-41~ ~ u s r  30. 1994 

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 

suidance for gamma screenins 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 will be conducted in accordance 

with this section. Upon completion of the detailed surveys, gamma screening will 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 (pWhr) and warrants taking precautions 

during - sample collection and analyses. The action level of 50 pR/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 (NaI); 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 manufacturer'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 activities. obtain concurrence from the shipyard and NAVFAC BRAC 

Environmental Coordinators (BEC) representatives on the specific locations for which to be 
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lramma surveys are proposed to be taken. Prior to raking samples perform a gamma radiation 
& 

reading at the ground surface at each designated sampling point. All uRlhr readings shall be 

documenred and independentlv verified in writing 3s accurately recorded for each locarion. If 

the gamma radiation level at any location is greater than 50 uR/hr in the area do not proceed 

with takinz the sample. In this case. notify rhe task order manager immediately for further 

direction. The task order manager will promptly notify both the CNS and NAVFAC BEC 

representatives. to idenrify 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 designared as having a potential for radioactivity below surface 

(e.2. - any landfilI area), as core samples are taken. gamma survey ail portions of the samples in 

accordance with this section taking standard precautions to avoid direct personnel contact with 

the samples. If the gamma radiation ievel 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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1 MANAGING SAMPLES 

Samples will be managed in accordance with Section 4.2 of the ESDSOPQAM, included in 

Volume V of the RFI Work Plan. 

1 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. Stahless-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.e., barrels, drums, 

closed containers, or spillage). 

• Samples with extremely high or low pH. 

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 International Air Transport 
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Association (IATA) Dangerous Goods Regulations. As a general rule, four drops of acid 

will preserve a 40-1111 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 KT paper), preserve the 

cyanide sample using the following procedures: 

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: 

Wrap samples in bubble-wrap packing material. Seal bubble wrap around the 

containers with tape. Bubble wrap is not required fox 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 fiIl 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 Upn 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. 

3. 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 will 

include site, sample identification, collection time and date, method of preservation, sampler 

identification, and the analyses to be conducted. 

Figure 11-1 
Sample Label 

A Joint Venture for Professional Services 
EnSafeIAllen & Hoshalt 

(901) 383-9115 

Site: Naval Base Charleston 
Sample Number: 

Preservative: 4°C 
Analysis: 

Date: 
Time: 

Sampler: 

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

and guidelines: 

Format: 
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X X X X /  - 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 "NBCin. 

Field Samples: 

1 2 3  - The first three digits are for the site where the sample was collected: 
sites, SWMUs, plumes, buildings, background, etc. 

4 - 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 

5 6 7 8  These four digits designate the sampling location: boring or well number, 
sampling station, trench number, existing well identification, etc. 

9 0 - The final two digits represent the sample-specific identification: depth to 
the nearest foot, depth interval, serial number for water samples, etc. 

QC samples: 

1 2 3  - 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 - MS 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 

5 6 78 - 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 wiIl aid in keeping the QC 
samples blind to the laboratory. 

- 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: 

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 incIuded. 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. 

Defme site and sampling location abbreviations as much as possible before starting the 

sampling event. When necessary, consult 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 MSIMSD analyses will be collected in triplicate to ensure that the 

analytical laboratory receives sufficient volume for the analyses. The extra sample 

aliquots will have -MS and -MSD added to the end of the sample number. 

The letters I and 0 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, the ,  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 lhe, 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 1 1-2). 

2. Affx 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 0 ' s  and 1'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 NameINumber (Naval Base Charleston / Control Task Order [CTO] Number). 



TENNESSEE 38134 
ENSAFEIALLEN & HOSHALL (901) 383-9f15 

FINAL RFI CSAP FIGURE 11-2 
NAVAL BASE CHARLESTON CUSTDDY SEAL 
CHARLESTON, S.C. 
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Project Manager's Name. 

Signature of Sampler(s). 

Infumafion 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 fox 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. 

2. 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. 

3. Ship samples overnight to the selected analytical laboratory. 

4, 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 

I. 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. 

2 ,  . 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. 

3. 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. 

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

records pH. 
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5 .  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 QAfQC 

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. 

Wellhead Points 

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. 

PIDIFID: 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 personnei consider it necessary. Tracing each standard to National 

Institute of Standards and Technology WST) will be based upon the forms and product-specific 

information provided by the standard mmufacturer/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. 

2. Test temperature probes for caIibration 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. 

2. 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 p H  value of the samples to be analyzed. A meter slope 

outside the range of 85 to f 15 percent indicates meter or probe failure. The caIibration 

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 - Charleston, South Carolina 

Model : Date/ Time: 

Serial Number: Checked by: 

Instrument Checklist: 
YES 

Is the instrument clean and in good condition? - 
Is the battery charge acceptable? - 
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: 
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Figure 12-2 
Calibration Log - Conductivity Meter 

Naval Base Charleston - Charleston. South Caroiina 

Conductivitp Meter 

Model : 

Serial Number: 

DateiTime: 

Checked by: 

Instrument Checklist: 
YES 

Is the instrument clean and in good condition'? - 
Is the battery charge acceptable? - 
Is the liquid crystal display (LCD) functioning properly? - 
Is the conductivity cell clean? - 
.Are there any visible cracks or problems with the probe'? - 

Conductivitp Calibration Standards: 

Source: Date of Receipt: Lot #/Expiration: 

Two-point Calibration 
NIST Lot # 

100 prnhosicm Solution: 

1000 pmhosicm Solution: 

Temperature: Instrument internal calibration: 

Remarks: 
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Figure 12-3 
Calibration Log - PID/FTD/OVA Meter 

Naval Base Charleston - Charleston. South Carolina 

PID/FTD/OVA Meter: 

Model : Date/ Time: 

Serial Number: Checked by: 

Instrument Checklist: 
YES 

Is the instrument clean and in good condition! - 
Is the battery charge acceptable'? - 
Is the readout display functioning properly? - 
Are there any visible cracks or problems with the meter? - 
Does ultraviolet Iamp 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. 

2 .  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. 

3. 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. 

4. If the conductivity meter does not automatically compensate for temperature, manually 

recalibrate it to account for temperature. 

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

caiculations on the calibration log in Figure 12-2. 

Calibrating and Standardizing PhotolFiame 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. 

2. Calibrate each PIDIFIDfOVA both before use and at the end of the day with the 

calibration span gas specified by the manufacturer. 

3. Record background readings at the site. 

4. Clean the instrument's exterior quarterly by wiping with a damp cloth, using a mild 

detergent when necessary. 

5. 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 wiIl 

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 

W'te (Physical/Chemical Methods), SW-846, Third Edition, September 1986. F&i!mgampf$ 
:.:.:: .:. ........................................ ...., , .,...,.?. 

anaiyses, USEM m&&s andlor Iabaratcrry SOP for screening method8 will be f o n d  tat 

meet DQO level f X. e~iteria. The saeiaing parmeters ht rrPT aayses wilt be volatile organic 

mmp~urrds, p l y  turcfear armauc &yWarboxs, pofychlacimted b@henyXs, meads, and cyanide. 

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

analyses are listed below. 

Additional Methods for Laboratory Analysis: 

Methodsfor Organic Chemical Analysis ofMunicipal 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-60014-79-020, 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 for analytical parameters for soil and groundwater are stipulated in the 

respective analytical methods and as determined by the analytical laboratory's historical data 

quality evaluation for these methods. The NEESA laboratory approval process ensures 

laboratory method QAIQC standards are appropriare to meet goals for intended data uses. 

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

The contracc laboratories' QAPs are included in Volume V of the RFI Work Plan for EPA 

approval. If the services of additional laborarories 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. 
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Notes: 
P,PD - Relat~ve Percent Difference 

- preclsron limits apply when metal IS present a t  2 1 0  times the instrument detect~on limit (IDL) 

i 
1 
i 
I 
1 

Tabla 12-3 
Organic Analvses Data QA Objectives 

Fraction 

I 
I 

1 
I 
I 

I 
I 
I 

Matr~x SptkesIMatrtx Sprke DuplicateslSurrogare Sptkes 

VOA 

182401 

Matrrx Sprkes 

Compound 

1 1 -Dishloroerhene 

Tr~chloroethane 

Chlorobenzene 

Toluene 

Benzene 

I 

I 
I 

I 
I 
I 

Soil Precision 
tRPD1 

59-7 72 

62-1 37 

60-1 33 

59-1 39 

66-1 4 2  

22 

24 

2 1 

2 '1 

2 1 

VOA 

(82401 

Surrogate Spikes 

Soil Accuracy 
I% Recovery} 

1 4  

1 4  

1 3  

1 3  

11 

Toluene-d, 

4-Bromofluorobenrene 

1 2-Dichloroethane-d, 

61-145 

71-120 

75-1 30 

76-125 

76-1 27 

Water Precisian 
(RPD) 

- 

- 

Water Accuracy 
(96 Recovery) 

84-1 38 

59-1 13 

88-1 10 

86-1 15 

76-1 14 - - 70-1 21 
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I 
I 
1 

1 

I 

I 
1 

Table 12-3 
Organ~c Analyses Data QA Ohjecuves 

Matnx Sp~keslMatrtx Spike Dupltcstes/Surrogate Spikes 

Fractlon 

SVOA 

18270) 

I I I 

Compound 

I 
I 
I 

I 

12-110 

27-1 23 

23-97 

10-80 

Phenol 

2 Chlorophenol 

4-Chloro-3-Methyiphenoi 

4-Nltrophenol 

SVOA 

1 182701 
I 

I i 

I 
I 
1 

I 
I 

Pesttc~des 

I i (8080) 

I 

So11 Prectsron 
(RPD) 

4 2 

40 

4 2 

50 

35 

50 

3 3 

I 

Matrtx Sp~kes 

1 2.4-Trlchlorobenzene 

Acenawhthene 

2,4-D~nltrotoiuene 

Pyrene 

N N~troso-Dl-n-Propylamlne 

1 4-D~chlorobenzene 

Pentachloroohenol 

26 90 

25-1 02 

26- 1 03 

Surrogate Sp~kes 

So11 Accuracy 
(% Recoveryb 

50 1 11-1 1 4  

Nltrobenzene-o, 1 - 

23  

' 9  

47 

36 

38 

40-1 20  

52-126 

56-1 21 

38 127 

Water Precision 
[RPD) 

23-1 20  

i 

i 
I 
I 
I 
I 
I 

Water Accuracy 
1% Recoysry~ 

4 3 

38 

5 5 

50 

Atdrln 

Dleldrln 

Endrln 

4 4' DDT 
I 

I Pest~crdes 

I (8080) 
I 
I 

39-98 

46-1 18 1 
24-96 

26-1 27 

41-116 

38 107 

71 137 

28-89 

35-142 

41-126 

43-1 16 

33 141 

10-1 t o  

21-110 

10-1 23 

- 

2 Fluoroblphenvl I - 1 30 115 

36-97 

9-1 03 

28 

3 1 

38 

3 1 

38 

35-1 14 

- 

34-1 32 

31-134 

32-1 39 

23-1 34 

Surrogate Sptkes 

28 

50 

27 

Matr~x Sp~kes 

2 2 

18 

2 1 

27 

28-1 0 4  

Oecachloroblohen~~ 

2 4 5,6 Tetracnloro rn xvlene 

p-Terphenvl-d., 1 - 

Phenol d, 1 - 

Llndane (gamma-BHC) 

60-1 50' 

60-1 50 '  

- 

- 

47 

78 137 

24-1 13 

25-121 2 f iuoro~henol 

46- 1 27 50 

17-1 09 

- 

- 

- - 

- I 60-1 50' 

- 2 4 6-Trlbromopnenol 

15 

Heptachlor 

- 

- 1 19 122 

56-1 23 

2 0 

60-1 50' 

40-1 31 3 1 35-1 30  
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- 

Table 12-3 
Organic Analyses Data QA Objectives 

I Matrix SpikesiMatrix Spike Duplicates/Surrogate Spikes 
I 

i i i I I I I 
I Soil Precision Soil A~CuraCy Watar Precision Water Accuracy 

Compound I (% Recovery) I IRPDI 1 (SC R r o v e r v l  11 
1 
1 
I 
! 

11  Herbicides / Surrogate Spikes 
1 (81501 

I 

Notes: 
'/OA = Volat~le Organ~c Analyses 
3VOA = Semlvolat~le Organic Analyses 

- - Adv~sory L~rnlts 
- - - Not Aopiicable 

Herbicides 
(8150) 

I 40 1 40-150 

Matrix Spikes 

40-1 10 11 30 ! 

2.4-D 

Silvex 

40 40-1 50 30 1 40-1 30 
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13.0 QUALITY ASSURANCE PLAN 

13.1 Introduction 

This section presents policies, project organization, objectives, and functional activities, along 

with QAfQC 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 

awrdance with QA/QC protocols and field procedural protocols for environmental monitoring 

and measurement data as estabIished in the following documents. 

Applicable Guidance Documents: 
a U. S . Environmental Protection Agency. (February 1991). Standard Operating 

Procedures and Quality Assurance Manual. Athens, Georgia. 

a 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. 

a Naval Energy and Environmental Support Activity. (February 1985). 

(NEESA 20.2-03 1 A) Groundwater Monitoring Guide. Port Heuneme, California. 

a 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. 

a 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.6 1-7 1). 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, DQ0 for Remedial Response Activities Development Process 

(March 1987), OSWER Directive 9355.0-7B. NEESA DQO Level B protocol 

(USEPA Level 11) will be used for the physical surveys and screedglwd ana;1yw of samples 
............................................. caf'~;&d ;miw ;J'jpT 
...... . . . . . . . . . . .  : ....:: .+; .:.::...:..:..... .......... "" ........... ........../... .................. At a minimum, soil, surface water, sediment, groundwater, and 

contaminant quantification investigations will be conducted at NEESA DQO Level C 

protocol (USEPA Level 111). 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 codmation purposes. The following discussion presents the project specific level 

of effort for quality assurance and data quality criteria. Quality control sample collection wilI 

follow the frequency presented in Table 13-1, 

Notes: 
Trip blanks are for volatile organic analysis only. 
Preservative btanks are for metals 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 wilJ 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, 

MSIMSD 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 111 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 containhg 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 I11 water and placing it in contact 

with the field sampling apparatus (e.g., bailer, pump, stainless-steel 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 h a t e  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-Techm 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 111) are as previously provided in Tables f 2-2 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 wilI 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 a11 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 

InvestigatiodFeasibility Study (RIIFS) and preliminary site characterization activities. 

Analytical LaborQto~~: 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. E u ~  DFT S C X W ~  &t;t, the lat#,fato@ m ~ t  m ~ t  USEPA DQQ h~~f H 

a .  The laboratory must adhere to the laboratory requirements in NEESA 20.2-047B and 

follow the quality assurancelquality 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 a 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. 

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 fidd 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 foms, photographs, sample labeIs, 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 bound and have a hard 

cover. Field logbooks must be waterproof. The master site logbook is a master record of aH 

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. 1t delineates conditions and activities 

occurring on a given day and references the appropriate field logbooks and forms fox 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 Jogbooks and brief outline of their required contents. 

Daily temperature, weather conditions, and names and titles of personnel present. 

LeveIs of personnel protection, and changes if required. 

Name, title, organization, and purpose of any site visitors. 

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. 

Any changes and supporting rationale for the change. 

Brief record of all telephone calls and how they affected the investigation. 

Instrument calibration, specifically narne(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 Iogbooks 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. 

• 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 "NIA. " 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 wilI be maintained by a qualified E/A&H geologist. 

Lithology will be described from split-bane1 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 

For kvel and bvet  XY data, bard copy ?;la s M f  be wasi$ka with Iht USEPA DQO m 
and fV requirements, as appficabfs. Far Level IIf data, copies of sample mufts, laboratory 
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bl& results, surrogate results will be considered hard copy deliverables, 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 #OLMOI .8) 

USEPA Contract L&oratory Program Statement of Work for Inorganics Analysis 

(Vocument #ILM02. I ) .  

Disk Deliverables 

Each sample delivery group submitted to EIA&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: 

ASCII FIXED-LENGTH FORMAT 

Field 

Case # 

Sample Delivery Group (SDG) 

E/A&H Sample Identification 

Lab Extension (MS, MSD, DL, ..I 

Lab Code - 6 digits, representing laboratory 
I 

Laboratory Name 

Laboratory's Internal Sample Identification # 

Matrix (Soil 1 Water) 

Sample Date 

Date Sample Was Received by Lab 

Date Sample Was Extracted / Prepared 

Date Sample Was Anakyzed 

Chemical Abstracts Services (CAS) # 

Compound / Analyte Name 

Result / Detection Limit 

Units 

Qualifier 

Method 

Example 

26345 

CT515 

123X78901M 

MSD 

ANALAB 

ANALYTICAL LABS 

238396 

Water 

04/01 194 

04/02/94 

04/04/94 

04/09/94 

79016 

Trichloroethene 

10.0754 

UG/KG 

U 

8240 

Golumns 

1 - 5  

6 -  10 

11 - 20 

21 - 24 

25 - 30 

31 - 60 

61 - 72 

73 - 77 

78 - 85 

86 - 93 

94 - 101 

102 - 109 

110 - 119 

120 - 159 

160 - 173 

174-  178 

179 - 186 

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 sarnpIes by an independent subcontractor. 

14.4 Other Related Data 

Other related data will include illustrations, graphs, meeting 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. 

Illustrations, 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 effort, will be a major change in the 

scope of the field effort, or will significantIy 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 progress 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 all 

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 a11 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 Illustrations: Data obtahed 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 

D c c o n ~ t i o n  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 

arid 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 

Liquinoxm 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 

stainiess-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 79 16), providing deionized, filtered, and organic-free water for field use. 

The steam cleaner andlor 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 ~eflon", glass, or stainless-steel spray bottIes/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 Iaboratory-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, Teflon1=-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. 

3. Rinse with clean water. 

4. Rinse with organic free water. 

5 .  Rinse twice with pesticide-grade isopropyl alcohol. 

6 .  Rinse with ASTM Type I11 water. 
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7. Air dry. If weather prohibits air drying, repeat the isopropyl alcohol rinse and f m l  

ASTM Type III water rinse twice. 

8. Wrap in aluminum foil or plastic sheeting for storage if the sampling equipment is to be 

stored or transported. 

9. Augers and drill rods will be covered in clean plastic after decontamination. 

Pump Decontamination 

Pump deconta-tion 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. Don protective gloves before decontaminating the equipment. 

2. 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. 

3, 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 111 water rinse. Recoil the hose onto the spool. 

4. 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. 

5.  Rinse the outside of the pump housing and hose with deionized water. 

6 .  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 RlFI 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 [LIDR]) 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 implementing regulations are specifically applicable for IDW 

handling: Subtitle C (Hazardous Waste Management) and Subtitle D (Solid Waste 

Management). The regulations are codified 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 resulting in contamhated 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, l,l,l-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 h o w n  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 

codified 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 Iand 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: 

Wastes from different SWMUs or AOCs are consolidated and disposed of in one AOC. 

Wastes are moved outside of a SWMU/AOC for storage or treatment and are returned 

to the same or a different SWMU/AOC. 

Wastes are excavated from a SWMUIAOC, removed to a separate unit such as a tank, 

surface impoundment, or incinerator that is within the SWMU/AOC, and then are 

redeposited into the SWMUIAOC (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 SWMUIAOC, LDR do not apply when 

uncontained hazardous IDW (soil or sediment) is handled as follows: 

• Capped in place 

Treated in-situ 

Processed within the SWMUIAOC to improve structural stability 

Left in place, moved, or stored within a single SWMUlAOC unit 

....... ::/.,. . . . . . . . . . .  
LDR prohibits storing i~ut.eiy ......... ............... :...... ............................. $QX~G 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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a 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: 

a 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. 

a 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 special waste. 
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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  w a t e r ,  s i l t ,  
decontamination fluid, PPE, DE 

Groundwater sampling Purge water, decontamination fluid, 
PPE, DE 

Soil boring Soil cuttings, drilling mud, 
decontamination fluid, PPE, DE 



Final Comprehensive Sampling and Analysis Plan 
Naval Bare Charleston 

August 30, 1994 
- -  - 

Soil excavation/trenching 

Soil sampling 

Sediment sampling 

Surface water sampling 

Aquifer testing 

Radiation monitoring 

Soil cuttings, decontamination fluid, 
PPE, DE 

Soil cuttings, decontamination fluid, 
PPE, DE 

Sediment, decontamination fluid, 
PPE, DE 

Decontamination fluid, PPE, DE 

Development water, decontamination 
fluid, PPE, DE 

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: 

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 (e), 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 Erom 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 Ieast 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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Notes: 
Miscellaneous Data: 
1 Cu. Ft. = 7.5 gallons (approximately) 
1 Gallon = 0.1 34 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 we11 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: Aquifer 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 transrnissivity 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 P O W .  Slug tests typically wiIl 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. 

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 leveI (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 investigated. 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 

Ofice (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 disposal areas, d a c e  impoundments 

and equipment storage areas. Every available source of site information, manifests, storage 

records, and vouchers will be researched to ascertain the source of these con taminants. 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 

Reactivity 

• Toxicity 

Heavy Metals 
VOAs 

- 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 Iow concentrations 

that the appropriate regulatory levels could not possibly be exceeded, the TCLP need not be run 

(40 CFR Part 261 Appendix 11). 

16.5.3 Sampling and Analysis 

IDW would be sampled .and analyzed when corresponding environmental sample data are not 

avaiIable or when additional information is needed about the waste. MI 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 SWMUfAOC, within a designated CAMU, at a 

designated storage area on the instalIation, 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 SWMUIAOC 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 

SWMUIAOC 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 SWMUIAOC 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 the waste place inside them. 

a 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. 

The accumulation storage unit must be inspected and recorded at least weekly. 

a 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. 

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 264.1 f 1 and 264.1 14. 

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 developed 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: 

Condition of containers 

Adequacy and completeness of labels 

Evidence of leaks and spills 

Adequate aisle space 

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 fox 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 nurnber(s) (See Section 1 I), 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: 

a 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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FEDERAL LAW PROHIBITS IMPROPER DISPOSAL 
IF FOUND, CONTACT THE NEAREST POLICE, OR 

PUBLIC SAFEW AUTHORITY, OR THE 
U.S. ENVIRONMENTAL PROTECTION AGENCY 

PROPER D.O.T. 
SHIPPING NAME- 

GENERATOR INFORMATION: 

STATE - Z I P  

ACCUMULATION MANIFEST 
DOCUMENT NO.- 

HANDLE WITH CARE! 

FIGURE 16-2 

CHARLESTON HAZARDOUS WASTE LABEL 
CHARLESTON, S.C. 
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16.8.1 Disposal of Aqueous Liquids through POTW 

NAVBASE currently is operating under a National Pollution Discharge Elimination System 

pretreatment 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 

pretreatment permit issued to the facility from the No& Charleston Sewer Wstrict, 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 fl;rtd pH is determined by a stat@ Mif"ied 

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: 

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 11 and Class 111 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 

I7 Health & Safety Plan (See Health & Safety Officer) 

Sampling Requirements 

IJ Unified Soil Classification System (USCS) 

Cl Stainless Steel Sleeves 

Sample Numbering System 

QA/QC Frequency 

QA/QC Definitions 

Sample Packaging 

Documentation Requirements 

[7 Field Forms 

Field Logbooks 

Photographs 

Acceptance 

I have reviewed and understand all of the requirements listed above for field activities 

at Naval Base Charleston. 

Name 

Date 
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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 ( k 0.1 5 OC) 

- pH in units ( ~ 0 . 2  units) 

- Redox in millivolts ( k 20mVl 

- Dissolved Oxygen (DO) in milligrams per liter (mgll) or % Saturation DO 
( + 0.2mgIl) 

- Conductivity in milliSiemens/cm, microSiemens/cm, K ohmslcm, or resistivity 
( -t 1 % of range) 

- Salinity in ppt or total dissolved solids (TDS) ( f  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, a real-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. 



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 Hydrofab Corporation 

Time Temp pH SpCond Salin DO DO Redox Depth Batt 
HHMSS deg C units msfcm ppt %Sat mgll  mv meters volts 

This header appears only i f  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 will 
enter i ts Standard Operating Mode (SOM), whereby row after row  of parameters will 
appear on screen. the third and fourth lines of the introductory header will 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 b y  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 

(1)dentity 
- or (Escape or Ctrl X t o  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 vie the Basic Menu after each entry is made. 



Parameters 

Typing a "Pn will access the Parameters Menu, providing the following display: 

- IP) 
- Specific (C)onductivity/Resistivity 
- (S)alinity/TDS 
- (%)Sat 
- DIO) 
- (R)edox 
- (D)epth/Level 
- (6)attery 
- 
- 

(A) 11 
or {Escape or Ctrl  X t o  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"  f rom the Basic Menu wil l  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 
- (96) Sat 

D(O) 
- (D)epth/Level 

(A)utolog 
- SDl-12 Addr(e)ss 

SDI-12 De(l)ay 
- (H)eader 
- (6)uzzer 
- (S)tirrer 

EIxIpert 
- Ba(u)d Rate 
- or (Escape or Ctrl X to  cancel) 

Typing any letter in parentheses will allow selection of a particular feature f rom the 
Variable Menu. 



Temperature 

This feature allows the temperature variable t o  be manipulated. Either the Centigrade 
or Fahrenheit scales are selected for temperature measurement. 

Specific Conductance/Resistivity 

This feature allows either specific conductance or resistivity t o  be selected as a 
measurement value, and permits additional attributes t o  be adjusted. Succeeding 
choice of measurement value, the presentation of this value is  selected in either 
milliSiemens1cm or microSiemens/cm. Following selection of presentation format, the 
type o f  cell block is selected (freshwater if specific conductances between 0-1 0 
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 
l o w  range. The next item selected is for salinity to  be measured, or TDS. The final 
i tem selected is for specific conductance/resistivity and salinity1TDS readings to  be 
compensated or uncompensated for temperature. 

% Sat 

This feature allows a barometric pressure that is different f rom the calibration value 
t o  be entered, i f  necessary. 

This feature allows certain aspects of the DO measurements to be specified. 
Standard or Hydrolab LoFlow membranes are selected, as are whether readings are 
t o  be compensated for salinity, or uncompensated. 

This feature allows manipulation of the depthllevel variable. Either meters or feet are 
chosen t o  express depth. Following selection of the variable, either "depth" or "level1' 
is chosen, depending on h o w  the DS3 is equipped. If the unit is equipped with a 
depth transducer (having a range of 0 to I00 meters), depth is chosen for this 
expression. If the unit has a level transducer (having a range of 0 t o  10 meters), level 
is chosen for this expression. The transducer type is printed on  the DS3's label. 



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 allows 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 t o  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. 



Baud Rate 

This feature allows the unit t o  be set t o  a different baud rate before dumping a 
memory file. The DS3 starts up  ap 1200 baud. However, 1200 baud is not  fast 
enough t o  keep u p  with a DS3 during recovery of  logged data. The Baud Rate feature 
allows selection from five available baud rates (9600, 44800, 2400, I 200, or 300). 
The communications program for the computer will need t o  be set t o  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 fietd 
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 (C)onductivity/Resistivity 

- (S)alinity/TDS 
- (%)Sat 
- 
- 

D(O) 
{R)edox 

- (D)epth/Level 
- (L)abel 
- (T)ime 
- (1)nterval 
- (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 fietd 
calibrated. 



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 automaticaiiy 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 calibration is initiated by accessing the salinityfTDS function. If the default 
setting is set for salinity, the value of the salinity calibration standard in parts per 
thousand a t  25% 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 mgll. Type "%" to calibrate for % 
saturation. Once into this function, enter the local barometric pressure (in millimeters 
of mercury). This adjusts calibration for both DO mgll and DO % saturation 
(calibration should be 100.0 for the standard membrane, or 102.5 for the Hydrolab 
LoFlow membrane). Alternatively, type "0" to calibrate for DO mgll. Enter the jocal 
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 calibration can be zeroed in air, a t  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. 



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 monthldaylyearltime 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 053. 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 
SOMiBasic Menu. 

Typing an "L" from the Basic Menu allows access to the Logging Menu, which is 
displayed as follows: 

- (Dlump 
(E)rase 

- (SIetup 
- S(t)atus 
- (RIeview 
- (A)nnotate 
- St(o)re 
- or (Escape or Ctrl X t o  cancel) 

Typing any of the letters in parentheses will allow entry into that particular logging 
function. 



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 th is  file can be annotated. Data can be  dumped as "printer ready" if it is t o  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 o f  
variables/calibrations: 

- Variableslcaiibrations 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 t o  
reflect the calibration changes as they took place, 

- The variablestcalibrations current a t  the time of data dump can be used. 

This feature allows comparison of readings for an indication of calibration drift. If 
improper variables were set, (cell block type, DO membrane type, etc.), corrections 
can be made by  re-dumping wi th  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 meantstandard deviation. Daily statistics, total statistics, both 
dailyltotal statistics, or no statistics can be chosen. 

If any parameter values are accompanied b y  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 wi th  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. 

Erase 

The erase function allows a file to  be erased t o  regain use of the memory space 
occupied by  tha t  file. 



Setup 

This function allows a logging run to be setup. Before starting the logging run, the 
status of all enabledfdisabled 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 dateltime (in MMDDYYIHHMMSS, and stopping 
datehime (in MMDDYYIHHMMSS). The program then asks for the time between 
logging scans (in HHMMSS), and if a warmfip 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 (5% 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 t o  be printed, and is useful if the Header function has been disabled 
through the Variables Menu. 

The header will appear as: 

ABCDEFI 23456 

Time Temp p H  SpCond Salin DO DO Redox Depth Batt 
HHMSS deg C units rnslcm ppt  %Sat mg/l rnv meters volts 

Measure 

Typing an "M" from the Basic Menu allows access to  the Measure Menu. Actuating 
this feature will cause one line of data t o  be printed immediately. This is useful i f  the 
user wants t o  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 t o  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. 



Unit Configuration 

Configuration of a 053 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 continuousfy 
powered. If the standard membrane DO sensor is used, a stirrer is necessary unless 
a flow rate of 25 cmlsec is maintained past the sensor. The 2-minute warmup is 
sufficient for the standard DO membrane. If 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 stainless-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. If 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 METJIR 



YOUR CURRENT METER SHOULD BE RECEIVED WITH THE FOLLOWING ITEMS. 
PLEASE CHECK WHEN UPACKING TO BE SURE THEY ARE INCLUDED. 

1. 6011HK2 CURRENT METER 
2. VISIBLE SENSORS* PRESSURE & CONDUCTIVITY 
3. WIRE MOORING STANDOFF FRAME (W/ANODES) AND WIRE STOP 

* 4. RAM MEMORY CARTRIDGE 
5. OPERATORS WANUAL 

+RAM MEMORY CARTRIDGES AND RAM READER KITS ARE PRICED SEPARATELY 

IF ANY OF THE ITEMS ARE MISSING, PLEASE CONTACT G.O. ASAP 

IF:<. 1295 N.W. 163rd Street, Miamr, Florida 33169-W22 Tel.: (305) 621-2882 Telex: 80-8247 Fax: (305) t 
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1 INTRODUCTION 

The Genersl Oceanics model 6011 Hkff is a battery-powered RAN 
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, 
t h e  direction of w h i c h  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 ( G H T )  is recorded with each data point 
on t h e  RAM cartridge. Log keeping and data analysis are thereby 
simplified and t h e r e  is less c h a n c e  of ambiguity in interpreting 
the data record. The real-time clock is powered by its own 
battery, which is separate from the meter's main power battery, 
and which has 8 five-year lifetime. 

The basic meter records temperature as 1 as the data for 
current speed and direction. Sensors to measure conductivity and 
pressure are also available as options. 

In t,he "Vector-Averaging" mode, the internal microprocessor 
comput.es the averaqe east and north components of current from a 
n ; t m S e r  of i nr!i-..idl;al readings and records on1 y these  : ~ \ . n z . q ~ , e c  cn 
t t i e  R.4" car t1 . j  d g e ,  a data  compression technique c-hi inrr-eases  
t h e  e f f e c l i 1 . e  capacity of the cartridqe by up to t h ~ r t y - t r c o  
tln~c?s. The n~icroprocessor a l s o  computes a n d  records t h e  s t a n d a r d  
d e v i ~ t l d n  of the averages to provide information on the noise 
environment of the m e t e r .  Vector-averaging i s  t h e  preferred mode 
0 f r ~ p e r a  t i o n .  I t  provides the maximum amorlnt of d a t a  ~ n d  
t.cquires the I east. amount of  post-depl oyrni~~t d a t a  process  l r i f .  

~ : ' t  er t tlr n i t * t . r . ~  has been recok-et-ed t h e  Z.i?l cart ridge milst he 
p r o c e s s e d .  Ger!eral Oceanics offers the servlce of r e a d i n q  R A Y  
cartridges and supplying a complete range of data products. 
.4lternativel~, t h e  u s e r  can acquire a model 6011RR R.4P1 r e a d e r  to 
inter-face.  K i t h  any o n e  of a range of desk-top computers, which  
allows the u s e r  t o  process the data himself. 

General  Oceanics can supply auxiliary h ~ r d u a r e  to facilitate 
deployment of the model 6011 current meter in a wide range of 
situations. Deployment from a fixed structure such as an oil rig 
or harbor  pier i s  t h e  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 k e e p s  the 



meter clear of the wire, but also de-couples the meter from 
mooring motion. Both 8 standoff and a wire s t o p  are s u p p l i e d  
v i t h  t h e  meter. 

The design of the stand-off and the operating principle of the 
meter itself both help to 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 r e q u i r e -  
ments Also, since t h e  meter takes up an angle of tilt determined 
only by the current, the tilt of the mooring i t s e l f  i s  a 
secondary consideration. This means that, particularly in high 
c u r r e n t  regimes, buoyancy r e q u i r e m e n t s  and a n c h o r  weights can be 
greatly reduced-. 

* -  - 
The meter i s  normally supplied with a standard f i n  which covers 
the s p e e d  r a n g e  zero to 225 cm/sec. For g r e a t e r  resolution a t  
l o w  speeds o r  t o  ex tend  t h e  range t o  h i g h e r  speeds, low-speed and 
h igh- speed  fins are available. 

2 PRINCIPLES OF OPERATION 

The .*lode1 G O l l  MK i I  c u r r e n t  meter i s  a micropr~c:e,cso!~ controlled 
data logger uhich capt-ures d a t a  from a rlun~her of sensors and  t h e n  
r e c o r d s  them o n  a RAM c a r t r i d g e .  The  o k ' e r a l l  operatior1 of  t h e  
lrlriel is b e s t  ~ : i l ~ l a i n e d  by the s i n p l i ! ' i . e d  p r o e r a v  flnw char t  
s h o ~ n  i n  Fig. 1 .  
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2 . 2  V e c t o r  ~ v e = a g i n ~  

I n  t h e  v e c t o r - a v e r a g i n g  mode, t h e  m i c r o p r o c e s s o r  p r o c e e d s  t o  
compute  t h e  n o r t h  and  e a s t  components  o f  c u r r e n t  immed ia t e ly  
a f t e r  is h a s  read the o r i e n t a t i o n  sensors. To compute  the 
componen t s  i t  n e e d s  t o  know w h i c h  of the t h r e e  f i n s  are f i t t e d  t o  
t h e  meter. T h i s  i n f o r m a t i o n  is p r o v i d e d  by the s e t t i n g  of the 
mode s e l e c t o r  s w i t c h :  p o s i t i o n s  2 ,  3 and 4 for  v e c t o r  averag ing  
with low, standard and  high s p e e d  f i n s .  The number of samples 
over w h i c h  t h e  average is t a k e n  is determined by t h e  setting o f  
t h e  s a m p l e s - p e r - b u r s t  s w i t c h  on the  r e a l - t i m e  clock b o a r d ,  A s  
shown i n  F i g .  2 ,  a line ca l l ed  " b u r s t  s t a t u s "  remains  low d u r i n g  
the  b u r s t  p e r i o d .  A l l  t h e  t i m e  t h e  status l i n e  is low, each 
component is added t o  a  running. t o f a l .  I f  i t  is h i g h ,  
signalling the end of t h e  a v e r a g i n g  p e r i o d ,  t h e  r u n n i n g  t o t a l  i s  
divided by the number of samples  t o  arrive at. t h e  average. 
Standard d e v i a t i o n  i s  treated i n  a similar w a y .  The meter t h e n  
goes o n  to read the real-time clock and t h e  outputs of  t h e  
environmental serlsors. Each r e a d i n g  is  tagged w i t h  t i m e  arid 
r e c o r d e d  t o  RAM. F i n a l l y  t h e  meter i s  powered down. T h i s  means 
t h a t  b a t t e r y  power to t h e  s e n s o r s  and any o t h e r  high c u r r e n t  
components is s h i t c h e d  off; only t h e  essential time-koep~nc 
eomponerlts  and some of t h e  d a t a  memory r ema in  operating. Herice, 
current c o n s u m p t i o n  betveen  samples i s  reduced to a feu 
microamps, a l l o ~ i ~ i q  the meter t o  operate for up to one year on a 
slngle batter. One can see from the last part of t h e  f l o ~  c n n r t  
t h a t  t ime,  d a t e  ar id  t h e  readings o f  the environmental sensors 
t-hat. are 1.ecordeti c c r ~ ~ x e s p o n d  : G  the LAST of the  samples t:ze,? to 
form t.hr 1-ec tor  am.-erases of current, H poir:t t h a t  nta? 
s i g n 2  f icant in data i : : t e r . p r e t a t i o n ,  

Calibration t a b l e s  for. i l l 1  three f i n s  are s t o r e d  In the meter s o  
that i f  a fin is changed j t  i s  n e c e s s a r y  t o  set t h e  mode s e l e c t o r  
s t - . i t c h  to t h e  ~ I V V  posit  on. The rubles for meters f i t t e d  b i t 1 1  
p r e s s u r e  and c o r r d ~ ~ c l  : \ . i t  >- siarrsors are sl i ghtl y d i  f fercnl f  om 
those  without. 





2.3 S e l f  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 t h e  ON position trigger pulses 
from the real-time clock are allowed to reach t h e  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. 

3.1 User Operated Controls 

The Model  6011 Mk 11 current meter has a number of u s e r - o p e r a t e d  
controls which select the various operating modes and sampling 
i n t e r v a l s .  Most of t h e  controls are mounted on the main printed 
circuit boards (see Fig.3 1 and are accessible o n l y  when the meter 
is withdraun from its pressure case.  The one esternal  s w i t c h  is 
mounted on the end cap opposite to t h e  swivel e n d .  Conductivity 
and pressure sensors, when fitted, are mounted on t h e  same end 
cap. 

: . 2  External ON/OFF Switch 

This rotary action switch controls the flow of t r i g g e r  p u l s e s  
from the clock board to the main board. In the OFF position no 
pulses get  through and the meter remains i n  i t s  standby state 
d r n ~ i n s  mlnimum battery current. In the ON posltion the meter is 
t r i g q e r e d  into operation at t he rate se t  b y  the samyl ing-interval 
ant3 b~~rst-sampling switches. If the meter is out of its pressure 
case, the successful progress  of t h e  routine can he followed b y  
count:ng the eight f l a s h e s  of the s e l f - t e s t  lamp. 

Normally, this s w i t c h  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. 



Fig.3 Layout of main features and controls  



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 s i x ,  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. -Thuk, if a burst of eigfit 
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 t h a t  
trigger pulses c a n  be made to occur at a known t.ime 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 esample, then the first trigger will occur 30 
seconds a f t e r  pressing the trigger reset button, the next at one 
m i n u t e  and thirty seconds, the nest a t  two minutes and 30 seconds 
and so on, The general rule does not apply for the 30 and 60  
minute sampi ing intervals. In both cases the first trigger 
occurs 22.5 minutes after reset; all the following ones are at. 
the s e l e c t e d  intervals. 

The red indicat.or lamp next to the button provides a positive 
indication that reset  has occurred. 

The push-button has no effect on t.he setting of the real-time 
clock. 

3.7 Hode Selector 

This switch, mounted on the opposite side of the meter from the 
other four controls, determines the vector-averaging mode. 
Position 1 is 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 S e l f - T e s t  Lamp 

When the meter s e l f - t e s t  is t r i g g e r e d  by a c t u a t i n g  t h e  e x t e r n a l  
ON/OFF s w i t c h ,  t h i s  lamp f l a s h e s  a t  t h e  r a t e  of e i g h t  times i n  
three s e c o n d s  as t h e  tes t  p r o c e e d s .  

4 RAH HEHORY OPERATfON 

4 . 1  I n t r o d u c t i o n  

RAM Memory i s  a s o l i d - s t a t e  memory s y s t e m  which r e p l a c e s  t h e  more 
t r a d i t i o n a l  t a p e  r e c o r d e r  and  d a t a  cassette f o r  l o n g  term s t o r a g e  
of t h e  d a t a  g a t h e r e d  by t h e  c u r r e n t '  meter. I t  makes use o f '  a 
removable  d a t a  c a r t r i d g e  c o n t a i n i n g  i ts  own 10 -yea r  b a t t e r y  power 
s o u r c e .  The c a r t r i d g e  is  s m a l l e r  t h a n  a s t a n d a r d  a u d i o  c a s s e t t e ,  
o f f e r s  u p  t o  t w i c e  t h e  d a t a  c a p a c i t y ,  and  c a n  be quickly and 
c o n v e n i e n t l y  changed i n  t h e  f i e l d  w i t h  no  e x t e r n a l  e q u i p m e n t .  

The design o f  t h e  RAM Hernory i n c o r p o r a t e s  a number of f e a t u r e s  t o  
e n s u r e  t h a t  r e c o r d i n g  w i l l  t a k e  p l a c e  r e l i a b l y  d u r i n g  a 
deployment  and  t h a t  d a t a  c a n n o t  be  a c c i d e n t a l l y  e r a s e d  after a  
r e c o v e r y  o f  t h e  meter. For  i n s t a n c e ,  a m e c h a n i c a l  i n t e r l o c k  
p r e v e n t s  t h e  u s e r . c l o s i n g  t h e  p r e s s u r e  h o u s i n g  i f  t h e  c a r t r i d g e  
is  i n c o r r e c t l y  s e a t e d  i n  i t s  h o l d e r  and a s e l f  test p r o c e d u r e  
K a r n s  i f '  t h e  c a r t r i d g e ' s  internal b a t t e r y  h a s  r u n  down. A f t e r  
r e c o v e r y ,  a w r i t e - p r o t e c t  switch on t h e  c a r t r i d g e  c a n  be s e t ,  
t h u s  making i t  almost impossible t o  i n a d v e r t e n t l y  e r a s e  t h e  
s t o r e d  data. 

A s i m p l e  reader is  a v a i l a b l e  (6OIiRRl which plugs i n t o .  a n  
e x p a n s i o n  s l o t  of a n  I.B.M.* P.C. o r  PC/XT d e s k t o p  compu te r .  
T h i s ,  t o g e t h e r  vith s o f t w a r e  which i s  s u p p l i e d  by  G e n e r a l  
O c e a n i c s ,  a l l o ~ s  t h e  user t o  read and process t h e  data s t o r e d  i n  
t h e  c a r t r i d g e .  

* R e g i s t e r e d  t r ademark  of I n t e r n a t i o n a l  B u s i n e s s  Machines  
C o r p o r a t i o n .  

4 . 2  C a r t i d g c  Data Capacity 

C a r t r i d g e s  a r e  a v a i l a b l e  i n  nomina l  c a p a c i t i e s  o f  6 4 ,  128 ,  256 
and 512 k i l o b y t e s .  Each d a t a  r e c o r d  i n  t h e  meter is  stored as  a 
13 -by te  word.  I n  addition, 13 b y t e s  arc u s e d  t o  s t o r e  t h e  
i n s t r u m e n t  serial number t o g e t h e r  w i t h  some i n f o r m a t i o n  u s e d  
i n t e r n a l l y  by t h e  meter i t s e l f .  T a k i n g  as a n  example a 128 k b y t e  
cartridge, w c  c a n  now c a l c u l a t e  its capacity i n  t e r m s  o f  d a t a  
r e c o r d s .  The a c t u a l  s i z e  of t h e  cartridge i s  1 3 1 , 0 7 2  bytes. 
This leaves 131,059 bytes f o r  u s e f u l  d a t a ,  which is e q u i v a l e n t  t o  



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 Better? Capacity 

First check that there is sufficient battery capacity remaining 
to run the instrument for the planned deployment period. The 
only way to be-sure of this is by keeping an accurate record 9 f  
battery use on the label provided. on 'the side of the battery. If 
there is any doubt, use a new batterg. (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 
c a p t i v e  screw. Battery connection is 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 Switch Settings 

First select the mode, selector s b - i t c h ,  If vector averaging 
then make sure the suitch points to the correct fin . Then set 
the burst-interval and samples-per-burst swltches for the desired 
averaging period. Thirdly, bearins in mind the constraints 
pointed out in paragraph 8 . ,  select the sampling interval to 
match the planned deployment period. Finally, p r e s s  the trigger 
reset button to lock the  triggering sequence in the right phase 
with the real-time clock. 

Again, for many applications, averaging o v e r  32 samples at 
2-second intervals (Samples-per-Burst=32: Burst Interval=2sec.) 
provides good coverage.  The sampling 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 t h a t  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 c lean,  lightly greased and 
undamaged, CK THAT THE SERIAL NUMBER OF THE HOUSING HATCHES 

A T  OF THE METER'S ELECTRONICS. 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 t h e  housing. As the meter is driven home, 
the pin at the end of the meter s h o u l d  engage the locating hole 
in the far end cap. Secure the meter using the thick nylon 
monofilament lqcking cord. It should .slide into the matching 
half-grooves in the end cap and the .pressure h o u s i n g  until o n l y  
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 
f i n .  

5 . 5  Deployment 

After the meter has been prepared as described in the foregoing 
paragraphs, all that remains is to TURN THE EXTERNAL SWITCH ON 
and attach the meter t.o the mooring. 

3.6 Fin Change 

I f  the meter is to be rrsed in areas uhere \ . p r y  high or very low 
currents are expected, t h e  standard fin can be replaced by one 
with the appropriate range (see SPECIFICATIONS for ranges 
available). The fin is secured by t w o  c a b l e  ties which rest in 
eroo\.es in the pressure housing (see section 12.3 for part 
numbers of replacement ties). The fin 1s aljqned with the meter's 
direction sensors by the nylon bolt at. t h e  swivel end of the 
Lousing; the bolt is in turn secured by a locking screw in one of 
the lugs of the end cap. Sote that although the fin can be 
changed, S HU 
TOG O T  A I ON. 

6 DEPLOYMENT 

6.1 Preparing for Deployment 

In preparing a meter the user should, in general, follow the 
p r o c e d u r e s  detailed in Section 5 (INSTRUMENT PREPARATION) of the 
Operating Manual, 

The mode selector switch (described in section 3.7) should be set 
t o  position 2, 3 ,  or 4 depending on whether a low, standard or 
high s p e e d  fin is fitted to the meter. 



F i g .  1' shows t h e  RAM Memory c a r t r i d g e  i n  p l a c e  i n  t h e  c u r r e n t  
meter. To p l u g  i n  t h e  c a r t r i d g e  s i m p l y  l i f t  t h e  l a t c h ,  t u r n  t h e  
c a r t r i d g e  so the w r i t e - p r o t e c t  s w i t c h  f a c e s  o u t w a r d s ,  and i n s e r t  
i t  i n t o  t h e  30-p in  s o c k e t .  I f  t h e  c a r t r i d g e  i s  n o t  p r o p e r l y  
s e a t e d ,  t h e  latch w i l l  n o t  s p r i n g  b a c k  t o  i t s  f u l l y  c l o s e d  
p o s i t i o n  and  i t  w i l l  be i m p o s s i b l e  t o  s l i d e  t h e  m e t e r  i n t o  t h e  
p r e s s u r e  h o u s i n g .  

F i n a l l y ,  s e t  t h e  w r i t e - p r o t e c t  s w i t c h  on  t h e  c a r t r i d g e  t o  OFF, 
p l u g  i n  t h e  b a t t e r y ,  and  t u r n  o n  t h e  e x t e r n a l  ON/OFF s w i t c h .  The 
meter will t h e n  go t h r o u g h  a s e l f - t e s t  r o u t i n e  as i n d i c a t e d  by 
t h e  S e l f - T e s t  lamp f l a s h i n g  e i g h t  times. I f  t h e  lamp d o e s  n o t  
f l a s h ,  c h e c k  t h a t  t h e  c a r t r i d g e  i s  p r o p e r l y  p l u g g e d  i n  w i t h  t h e  
write-protect * ;wi tch  o f f .  

- 

6 . 2  Unp lugg ing  t h e  C a r t r i g e  

When t h e  c u r r e n t  m e t e r  i s  r e c o v e r e d  a t  t h e  end  of  a d e p l o y m e n t  i t  
w i l l  be n e c e s s a r y  t o  remove t h e  c a r t r i d g e  f rom t h e  m e t e r  i n  o r d e r  
t o  r e a d  i t .  The c a r t r i d g e  is s o  d e s i g n e d  t h a t  i s  v e r y  d i f f i c u l t  
t o  l o s e  o r  a l t e r  t h e  s t o r e d  d a t a  w h i l e  u n p l u g g i n g  i t .  However,  
t o  be a b s o l u t e l y  s u r e ,  t h e  f o l l o w i n g  p r o c e d u r e  s h o u l d  be 
f o l l o w e d :  

a )  A s - t h e  meter arrives o n  deck  s e t  t h e  E x t e r n a l  ON/OFF 
s u i t c h  t o  t h e  OFF p o s i t i o n  and n o t e  t h e  time. 

h )  Rinse w i t h  fresh water and  d r y  t h e  meter as u s u a l .  
c Remove the meter from t h e  pressure housins. 
d S e t  t h e  w r i t e - p r o t e c t  sxitch o n  t .he  RAM cartridge 7.0  

t h e  ON p o s i t i o n .  
e rnplug t h e  b a t t e r y .  
f )  Lift the latch ( s e e  Fig 1 )  and remove t h e  cartridge 

f rom its s o c k e t .  

A l l  t h e  time t h e  c a r t r i d g e  i s  o u t  of  t h e  meter  t h e  u r i t e - p r o t e c t  
switch s h o u l d  be l e f t  i n  t h e  ON p o s i t i o n .  

6 . 3  O t h e r  N o t e s  

6 . 3 . 1  B a t t e r y  Life 

RAM Memory draws less power f rom t h e  b a t t e r y  a l l o w i n g  more 
r e a d i n g s  t o  be taken. F o r  instance, when t a k i n g  32-sample  
a v e r a g e s ,  t h e  b a t t e r y  h a s  enough e n e r g y  f o r  4 0 , 0 0 0  32-sample  
a v e r a g e s .  So, t h e  maximum d e p l o y m e n t  t i m e  i s  o n e  y e a r  OR the 
t i m e  t o  r e c o r d  40 ,000  32-sample  a v e r a g e s  OR 8 0 , 0 0 0  16-sample  
a v e r a g e s  OR 1 6 0 , 0 0 0  8-sample  a v e r a g e s ,  w h i c h e v e r  i s  t h e  s h o r t e s t  
No te  t h a t  t h e  40 ,000  a v e r a g e s  c o u l d  be r e c o r d e d  i n  a s i n g l e  
d e p l o y m e n t  u s i n g  a 512 k b y t e  c a r t r i d g e  o r  i n  a series of 
d e p l o y m e n t s  using a 1 2 8  k b y t c  c a r t r i d g e  several t i m e s .  



6 . 3 . 2  L a s t  Record Data Loss 

The  RAM Memory system can loose some d a t a  as a r e s u l t  of t h e  
a v e r a g i n g  p r o c e s s  i t s e l f .  For example  i n  the p r o c e s s  of 
a s s e m b l i n g  a 3 2 - r e a d i n g  average, the meter is  s w i t c h e d  o f f  j u s t  
b e f o r e  taking the 32nd reading 31 data p o i n t s  have  been  l o s t ,  

6 . 3 . 3  Moni tor  C o n n e c t o r  

The monitor connector is d i s a b l e d  except for the m a n u f a c t u r e r s  
u s e .  To check o u t  a meter, it is a s i m p l e  m a t t e r  t o  r e c o r d  a few 
m i n u t e s '  w o r t h - o f  d a t a  and  t h e n  read t h e , c a r t r i d g e .  - 

6 . 3 . 4  Serial Number Reco rd  

The f i r s t  two b y t e s  i n  t h e  RAH Memory cartridge are used t o  
record t h e  m e t e r ' s  full s e r i a l  number. 

6 . 3 . 5  Da ta  Format 

Data within the meter are h a n d l e d  as b i n a r y  n u m b e r s ,  each h a v i n g  
sufficient bits t o  match the r e q u i r e d  p r e c i s i o n .  A s  t h e  d a t a  are 
prepared for r e c o r d i n g  t h e  i n d i v i d u a l  numbers are  s t a c k e d  end t o  
e n d  t o  form A s t r i n g  104 b i t s  long. D u r i n g  t h e  r e c o r d i n g  process 
i t s e l f  t h e  string of bits i s  stored i n  t h e  RAX ?temory cartridge 
e i g h t  bits a t  a t i m e  as 13  b y t e s .  The bits f o r  each  record a r e  
o r g a n i z e d  as follows i n  t h e  o r d e r  shown: 

Data Number o f  Bits 

Month 
Day 
Hour 
Y i n u t e  
Pressure 
T e m p e r a t u r e  
C o n d u c t i v i t y  
East c u r r e n t  component  
West c u r r e n t  component  
S t a n d a r d  d e v i a t i o n  i n  east component 
S t a n d a r d  d e v i a t i o n  i n  west component  

Total 



The way in which each piece of data is encoded and t h e  
significance of each bit in the record are as f o l l o w s :  

1 
Serial  Number 
Month 
Day 
Hour 
Minute 
P r e s s u r e  . . 
Temperature  
Conductivity 
East Component 
North Component 
E. Std. Deviation 
N. Std. Deviation 

7 BATTERY 

7 .  l Battery S a f e t y  

Lithium batteries store A large amount of energy  i n  a small  
volume so t h e y  s h o u l d  always be h a n d l e d  with care. The f o l l o w i n g  
rules s h o u l d  be f o l l o w e d :  

DO NOT i n c i n e r a t e ,  shor t  c i r c u i t ,  puncture, c r u s h  or  disassemble 
t h e  b a t t e r y .  
DO NOT attempt to re-charge the battery. 
DO NOT store or use the battery at temperatures above 72 deg.  O. 



8 CAUTIONARY NOTES 

8 .1  C h o i c e  of Sampling Interval 

When v e c t o r  a v e r a g i n g ,  t h e  s a m p l i n g  interval must  be long 
enough t o  a l l o w  t h e  meter t o  c o m p l e t e  i ts c y c l e  of  o p e r a t i o n .  
For e x a m p l e ,  i f  a b u r s t  l e n g t h  o f  32 samples is s e l e c t e d  t o g e t h e r  
with a b u r s t  i n t e r v a l  of two s e c o n d s  t h e  c y c l e  t a k e s  a l m o s t  64 
s e c o n d s  t o  c o m p l e t e .  I n  t h i s  case t h e  s a m p l i n g  interval should 
be no less t h a n  two m i n u t e s  
(since t h e  next s h o r t e s t  i n t e r v a l ,  one m i n u t e ,  i s  i n s u f f i c i e n t  to  
accommodate t h e  c o m p l e t e  cycle). 

I f  t o o  s h o r t  i n t e r v a l  is i n a d v e ~ t e n ' t l y  selected the mtt ir  
a u t o m a t i c a l l y  compensa t e s ,  for many combinations of b u r s t  l e n g t h  
and burst interval, by i g n o r i n g  t h e  i n t e r m e d i a t e  trigger pulses. 
However, a t  b e s t ,  t h i s  c a n  o n l y  complicate l a t e r  i n t e r p r e t a t i o n  
of t h e  d a t a  record. 



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 d e g r e e .  
- 

Temperature : ' 

Sensor: Aged linear thermistor 
(Yellow Springs Instrument Co. Type 44202 1 .  

Range: -5 to +45 degrees C. 
Accuracy:  +/ -  0 . 2 5  Degree C. 
Resolution: + / -  1/64 Degree C. 
T h e r m a l  time constant: < 2 MINUTES 

Conductivity: 
Sensor: Inductive Toroid 
Range: 0 to 7 5  mS/cm. 
Accuracy:  + / -  2 . 5  m S / c m .  
Resolution: + / -  0 . 1  m S / c m .  

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/dap 
Outputs: Trigger pulses. Date and time information. 
Power: Lithium battery independent of meter's main 

battery. Battery life: 5 years, 

Sampling interval: 
Selected by 10-position switch. 
Available intervals: f .  5, 15, 30, 60 seconds, 

2 ,  5 ,  10, 20, 30, 60 minutes. 

Burst sampling: 
Samples per  burst  s e l e c t e d  by 6-position switch; 

2 ,  4 ,  8 ,  16 ,  32 samples per b u r s t .  
Burst interval selected by 4-position switch; 

2 ,  4 ,  8 ,  and 16 seconds. 

D a t a  c a p a c i t y :  
C a r t r i d g e s  are available in nominal capacities of 64, 
128, 256 and 512 kilobytes. Each d a t a  r e c o r d  i n  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 
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 Hodel 6011RR reader with desk-top 
computer ( e . g . ,  1.B.H. *P. C. or compatible). 

Battery: 
Two D-size lithium cells with capacity of 14 amp-hours. 
Output: 7 . 8  volts 
Life: up to one year, depending on operating mode. 

Pressure case dimensions: 
Length:  5 4 . 9  cm. Diameter: 1 0 . 5  cm. 

Weight s :  
In a i r :  9/0 Kg. I n  ~ a t e r :  3 . 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 cmlsec. 
Standard: 0 to 225 cm/sec. 
High speed: 0 to 300 cm/sec. 



10 UOORING METHODS 

F i g s .  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, e s p e c i a l l y ,  the savings are 
enhanced by the reduced requirements in flotation, anchor weight 
and cable size. 
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11 CALIBRATTON CURVES 

On t h e  f o l l o w i n g  pages  are s i x  c a l i b r a t i o n  c u r v e s  showing t i l t  
a n g l e  as a f u n c t i o n  o f  c u r r e n t  speed for the low-speed, s tandard  
and h i g h - s p e e d  f i n s .  For e a c h  speed t h e r e  are two curves .  One 
is  f o r  m e t e r s  t h a t  have no env ironmenta l  s e n s o r s  t h e  other is for 
meters f i t t e d  w i t h  a conductivity sensor, The a d d i t i o n  of a 
p r e s s u r e  s e n s o r  d o e s  n o t  change e i t h e r  c a l i b r a t i o n  curve. A 
t e m p e r a t u r e  s e n s o r  i s  f i t t e d  t o  a l l  model 6011 meters but s i n c e  
i t  is buried i n  the  end cap, i t  t o o  has no e f f e c t  on the  
c a l i b r a t i o n  curves. 
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12 U A I  NTENANCE 

12 .1  R o u t i n e  Ca re  

B e c a u s e  o f  i t s  s i m p l e  d e s i g n ,  t h e  Hodel 6011 r e q u i r e s  v e r y  l i t t l e  
i n  t h e  way o f  r o u t i n e  m a i n t e n a n c e .  The main b a t t e r y  s h o u l d  be 
r e p l a c e d  as recommended i n  s e c t i o n  6 . 3 . 1  of t h i s  manual .  The 
b a t t e r i e s  i n  t h e  real-time c l o c k  have a l i f e  of f i v e  y e a r s .  
Chang ing  t h e s e  b a t t e r i e s  e n t a i l s  removing t h e  p r o t e c t i v e  c o v e r s  
and r e - s e t t i n g  t h e  c l o c k  u s i n g  s p e c i a l  equ ipmen t  a v a i l a b l e  o n l y  
at t h e  f a c t o r y .  For t h i s '  r e a s o n ,  it  is recommended t h a t  meters 
b e  r e t u r n e d  t o  G e n e r a l  O c e a n i c s ,  I n c .  when t h e  c l o c k  b a t t e r i e s  
become due  for r e p l a c e m e n t .  

.. . - - A. ..* 
B e f o r e  e a c h  dep loymen t ,  l i g h t l y  g r e a s e  t h e  O-r ing  s e a l s  a n d  check 
them f o r  damage, I f  t h e r e  is any  d o u b t  a b o u t  t h e i r  i n t e g r i t y ,  
t h e y  s h o u l d  be r e p l a c e d .  A f t e r  a dep loymen t*  remove a n y  m a r i n e  
g r o w t h ,  e x e r c i s i n g  s p e c i a l  care i n  t h e  r e g i o n  o f  t h e  c o n d u c t i v i t y  
a n d  p r e s s u r e  s e n s o r s ,  and t h o r o u g h l y  r i n s e  t h e  meter i n  f r e s h  
w a t e r .  Remove t h e  main  b a t t e r y  and s t o r e  i t  s e p a r a t e l y  i f  t h e  
meter i s  l e f t  unused  f o r  more t h a n  R few weeks.  

To p r o t e c t  i t  a g a i n s t  m a r i n e  growth  d u r i n g  e x t e n d e d  deployments, 
t h e  rnetei c a n  be t r e a t e d  w i t h  a n t i - f o u l i n g  p a i n t .  The  f o l l o w i n g  
p r o c e d u r e  u s e s  material which are readily available at b o a t  
supply s t o r e s  and which a r e  c o m p a t i b l e  w i t h  t h e  aluminum of  t h e  
p r e s s u r e  case and t h e  p l a s t i c s  o f  t h e  f i n s .  T h e  layers of p a i n t  
have a n e g l i g i b l e  e f f e c t  o n  m e t e r  c a l i b r a t i o n .  

Step 1:  C l e a n  h o u s i n g  t h o r o u g h l y  w i t h  h o t ,  s o a p y  w a t e r  and  
r i n s e .  Allow t o  d r y  and  wipe t h o r o u g h l y  w i t h  a c e t o n e  t o  d e g r e a s e  
surface. 

Step 2 :  Remove t h e  ABS wing from t h e  c u r r e n t  m e t e r  p r e s s u r e  
h o u s i n g .  Then a p p l y  two t h i n  coats o f  P e t t i t  Metal P r i m e r  t o  t h e  
p r e s s u r e  h o u s i n g ,  a l l o w i n g  a t  leas t  2 hours d r y i n g  t i m e  be tween  
coats.  

S t e p  3:  Apply t w o  t h i n  c o a t s  o f  P e t t i t  V i n y l  Red U n d e r c o a t e r .  
T h i s  fo rms  t h e  p r i m e  b a r r i e r  t o  p r o t e c t  t h e  a luminum. I t  is 
i m p o r t a n t  t h a t  two t h i n  c o a t s ,  i n s t e a d  o f  o n e  t h i c k  one, b e  u s e d  
t o  e n s u r e  t o t a l  c o v e r a g e  of t h e  aluminum. A l s o  a p p l y  two c o a t s  
of u n d e r c o a t e r  t o  t h e  ABS wing t o  e n s u r e  better a d h e s i o n  o f  t h e  
a n t i f o u l i n g  c o a t i n g .  Remember t o  l e a v e  a t  least  2 h o u r s  between 
c o a t s .  If p o s s i b l e ,  a p p l y  t h e  u n d e r c o a t e r  w i t h  a s p r a y e r .  F o r  
t h i n n i n g  and  c l e a n i n g  use P e t t i t  # 140 V i n y l  T h i n n e r .  

Step 4 :  App ly ing  t h e  a n t i f o u l a n t .  P e t t i t  A lumigua rd  is  
recommended b e c a u s e  o f  i ts c o m p a t i b i l i t y  w i t h  a luminum. The  
c u r r e n t  meter may be p a i n t e d  t h e n  s h e l v e d  for u p  to 3 mon ths  
w i t h o u t  the t r e a t m e n t  l o o s i n g  i ts  e f f e c t i v e n e s s .  Two or more 



t h i n  coats s h o u l d  be a p p l i e d ;  i f  e x p e c t e d  use is i n  a h i g h  growth 
a r e a  put  on up to 5 t h i n  c o a t s .  Recoat t i m e  is  from 1 t o  4 
hours. Wait at least 16 hours  after t h e  l a s t  coat b e f o r e  
immersion. Remember to coat t h e  wing when u s i n g  t h e  a n t i f o u l a n t .  
P e t t i t  # 140 Vinyl Thinner is used t o  thin t h e  paint and f o r  
c l e a n u p .  

1 2 . 3  Spare Parts 

The following are the ~ e n c r a l  O c e a n i c s  r e f e r e n c e  numbers to  t h e  
more f r e q u e n t l y  used spare parts. 

Ite*' 
cc-- 

Standoff 
Wire Stop 
O-ring 
Desiccant bag 
Cable tie - f i n  
High-speed wing 
Low-speed wing 
Standard wing 
Battery 
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G e n e r a l  O c e a n i c s  RAM Reader Hanual 

1 INTRODUCTION 

1.1 F u n c t i o n  

The G e n e r a l  O c e a n i c s  Hodel 6011RR RAM Reade r  i s  d e s i g n e d  t o  
read t h e  d a t a  c a r t r i d g e s  u sed  on  the 6000 series of o c e a n o g r a p h i c  
r e c o r d i n g  i n s t r u m e n t s .  These  data c a r t r i d g e s  c o n t a i n  b a n k s  of 
CMOS memory chips t o g e t h e r  w i t h  a l i t h i u m  b a t t e r y  wh ich  a l l o w s  
them t o  r e t a i n  r e c o r d e d  data for o v e r  t e n  y e a r s .  The Reader p l u g s  
i n t o  a n  XBH PC/XTl o r  c o m p a t i b l e ,  d e s k t o p  computer .  Data are 
t a k e n  from t h e  c a r t r i d g e ,  d i s p l a y e d  on  t h e  compu te r  s c r e e n ,  and 
r e c o r d e d  o n  a d i s k  f i l e .  The u s e r  c a n  t h e n  access t h e  f i l e  and 
c a r r y  out-  bny f u r t h e r  . p r o c e s s i n g .  h e  w i s h e s .  . .C 

INSTALLATION 

2 . 1  Component P a r t s  - 
The Model 6000RR is s h i p p e d  as  a package  o f  four items: 

1. The RAM Reader  main u n i t .  T h i s  h o l d s  t h e  socket i n t o  
which is plugged  the d a t a  c a r t r i d g e .  

2 .  An i n t e r f a c e  c a r d  v h i c h  p l u g s  i n t o  ane of t h e  
e x p a n s i o n  s l o t s  i n  t h e  IB?1 PC/XT. (9etraBst.e Corp. 
Y o d e l  PIO-12 1 

3 .  A r i b b o n  cab le  with 3 7 - p i n  c o n n e c t o r s  t o  c o n n e c t  
items 1 and 2 .  

3 .  The f l o p p y  d i s k  c o n t a i n i n g  t h e  operating and 
i n s t a l l a t i o n  s o f t u a r e .  

2 . 2  Hardware  I n s t a l l a t i o n  

2 . 2 . 1  Base  Addres s  Selection 

The IBM PC/XT accesses t h e  i n t e r f a c e  c a r d  by way o f  f o u r  
c o n s e c u t i v e  a d d r e s s  l o c a t i o n s  i n  t h e  PC I/O a d d r e s s  space, These 
addresses s t a r t  a t  a b a s e  a d d r e s s  w h i c h  is s e l e c t e d  by a n  
8 - p o s i t i o n  DIP s w i t c h  (see F i g . 1 ) .  The bese a d d r e s s  c a n  i n  t h e o r y  
be p l a c e d  anywhere i n  t h e  1/0 a d d r e s s  space, b u t  b a s e  a d d r e s s e s  
below FF hex  (255  d e c i m a l )  s h o u l d  be a v o i d e d  as t h i s  a d d r e s s  
r a n g e  is  u s e d  by t h e  i n t e r n a l  1/0 o f  t h e  computer. The 200-3FF 
hex (512-1023) address r a n g e  p r o v i d e s  e x t e n s i v e  unused areas of 
1/0 space, though  you s h o u l d  c h e c k  w i t h  page 2-23 of t h e  
"Technical R e f e r e n c e  Hanual"  f o r  p o s s i b l e  c o n f l i c t s  w i t h  corn Y 
installed p e r i p h e r a l s .  



General Oceanics RAM Reader Manual 

Fig.1 Base address switch setting for 300 hex (768 decimal) 

TABLE I .  Swi tch  Position A d d r e s s  EquiCalents. J 

Switch posn. 
9 
8 
7 
6 
5 
4 
3 
2 

Address 
A 9  
A 8  

d A 7  
A 6  
A 5  
A 4  
A 3  
A 2  

Line  Decimal q q u i v a l e n t  
5 1 2  
2 5 6  
128 

6 4  
32 
1 6  

8 
4 

. Switches have decimal v a l u e s  as shown above, in the "off" 
'position. I n  the "on" position the decimal va lue  is zero. 

Conflict with other peripherals that may be installed often 
manifests itself as erratic data displayed on the screen, in 
which case a d i f f e r e n t  base address should be selected. 



G e n e r a l  Oceanics RAH Reader M ~ n u e l  

2 . 2 . 2  PI0 Card  I n s t a l l a t i o n  

T u r n  o f f  t h e  compu te r ,  d i s c o n n e c t  t h e  power c o r d s ,  and  move 
it s o  t h a t  you c a n  work on  i t  from t h e  back .  Open t h e  compu te r  
and remove t h e  screw h o l d i n g  t h e  filler plate t h a t  is  i n  l i n e  a n  
empty e x p a n s i o n  slot. Remove t h e  f i l l e r  p l a t e  and p l u g  the 
i n t e r f a c e  card into the s l o t  making s u r e  i t  is  seated f i r m l y  i n  
t h e  c o n n e c t o r .  F i n a l l y ,  s e c u r e  t h e  c a r d  b r a c k e t  w i t h  t h e  s c r e w  
t h a t  w a s  removed ea r l i e r ,  and r e t u r n  t h e  compu te r  t o  i t s  case. 
You can now p r o c e e d  t o  i n s t a l l  the s o f t w a r e .  

2 . 2 . 3  Sys tem Assembly - 
P o s i t i o n  t h e  RAM Reade r  main  u n i t  a l o n g s i d e  t h e  compu te r  f o r  

c o n v e n i e n t  access. Use t h e  37-way r i b b o n  c a b l e  t o  c o n n e c t  i t  t o  
t h e  i n t e r f a c e  c a r d  i n  the computer .  - 

2 . 3  S o f t w a r e  I n s t a l l a t i o n  

2 . 3 . 1  I n t r o d u c t i o n  

The d i s k e t t e  s u p p l i e d  v i t h  t h e  RAM Reader contains 
a number o f  p rog rams  and f i l e s .  MANUAL.DOC c o n t a i n s  t h e  t e s t  f o r  
t h i s ' m a n u a l .  The second is a program l a b e l l e d  SETUP; i t  a l l o w s  
t h e  user t o  s e l e c t  which d i s k  d r i v e  w i l l  b e  used t o  s t o r e  t h e  
d a t a  t h a t  i s  read from t h e  RAM c a r t r i d g e .  I t  also tells t h e  
actual reading  programs the base a d d r e s s  t h a t  has been s e l e c t e d  
on t h e  i n t e r f a c e  card. The r e m a i n i n g  f i l e s  c o n t a i n  t h e  programs 
which  c o n t r o l  t h e  r e a d e r  and f o r m a t  t h e  data ( e . g .  RDCM w i l l  read 
t h e  RAM c a r t r i d g e  from a M K I I  Current Meter). T h e s e  p r o s r a m s  are 
a l l  very s imi lar  and d i f f e r  only b e c a u s e  d i f f e r e n t  i n s t r u m e n t s  i n  
the 6000 series use s l i g h t l y  d i f f e r e n t  d a t a  f o r m a t s  ( s e e  S e c t i o n  
3 ) *  

2 . 3 . 2  Running  SETUP 

F i r s t  you s h o u l d  make a working  copy of t h e  s o f t w a r e  disk 
supplied, using t h e  normal  DOS commands. The o r i g i n a l  d i s k  can 
t h e n  be s t o r e d  as a back-up. 

A t  t h i s  stage it is w o r t h  g i v i n g  some t h o u g h t  t o  t h e  general 
a r r a n g e m e n t  o f  y o u r  data h a n d l i n g  system. The o v e r a l l  aim is t o  
t r a n s f e r  data f rom t h e  R A M  c a r t r i d g e  t o  a d i s k  f i l e  on e i t h e r  a 
f loppy  o r  h a r d  disk. Once i n  a d i s k  file t h e  d a t a  c a n  b e  a c c e s p - d  
much more q u i c k l y  and  c o n v e n i e n t l y  t h a n  by r e - r e a d i n g  t h e  
c a r t r i d g e .  F o r  a s y s t e m  w i t h  two f l o p p y  disks, i t  w i l l  n o r m a l l r  
be most  c o n v e n i e n t  t o  r u n  t h e  program d i s k  i n  drive A :  and  to 
store t h e  t r a n s c r i b e d  d a t a  on a separate d i s k  i n  d r i v e  B: .  With a 
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h a r d  d i s k  s y s t e m ,  r u n n i n g  t h e  program on  t h e  h a r d  d i s k  - d r i v e  C:  
- and  s t o r i n g  d a t a  on a f l o p p y  d i s k  i n  A :  may be best .  

Whatever  a r r a n g e m e n t  you use, t r a n s f e r  a l l  t h e  f i l e s  on  t h e  
General O c e a n i c s  d i s k  t o  t h e  s e l e c t e d  d r i v e ,  e i t h e r  by i n s e r t i n g  
t h e  f l o p p y  d i s k  i n  t h e  d r i v e  o r  by c o p y i n g  them t o  d r i v e  C : .  Then 
make t h e  s e l e c t e d  d r i v e  t h e  d e f a u l t  d r i v e  ( e . g .  i f  C: t h e n  t y p e  
' C : '  f o l l o w e d  by RETURN). Then t y p e  'SETUP' f o l l o w e d  by RETURN. 
A f t e r  a few s e c o n d s  you will see t h e  i n t r o d u c t o r y  b a n n e r  f o l l o w e d  
by a prompt  t o  select  t h e  d a t a  s t o r a g e  d i s k  d r i v e .  Hake y o u r  
s e l e c t i o n ,  f o l l o w i n g  t h e  g u i d e l i n e s  i n  t h e  o p e n i n g  r e m a r k s  o f  
t h i s  s e c t i o n .  

The n e x t  p rompt  c a l l s  f o r  t h e  e n t r y  o f  t h e  base a d d r e s s  
which youLh'ave a l r e a d y  s e l e c t e d  on  tke DIP s w i t c h  on t h e  
i n t e r f a c e  c a r d .  E n t e r  t h i s  a d d r e s s  as a d e c i m a l  number .  

Once you h a v e  e n t e r e d  t h e s e  t w o  p i e c e s  of i n f o r m a t i o n  t h e y  
are s t o r e d  i n  a f i l e  SETUP.DAT on t h e  d e f a u l t  d r i v e .  T h e r e  is no 
need t o  r u n  t h e  SETUP prdgram a g a i n  u n l e s s  you w i s h  t o  change  
t h e s e  i n i t i a l  c o n d i t i o n s .  

2 . 3 . 3  Reading  D a t a  

To r e a d  data, t y p e  t h e  a p p r o p r i a t e  p rogram name f o l l o w e d  by 
RETURN. The program name c a n  be found  i n  S e c t i o n  3 ,  DATA FORMAT, 
u n d e r  t h e  name o f  t h e  i n s t r u m e n t  on v h i c h  t h e  d a t a  w e r e  r e c o r d e d .  
For example, if d a t a  were r e c o r d e d  o n  a Model 6011 M K  IT c u r r e n t  
meter ,  t h e n  the program t o  use i s  RDCM. 

T h e  program w i l l  start by d i s p l a y i n g  the f o l l o w i n g  
information: 

a .  The s e r i a l  number of t h e  r e c o r d i n g  i n s t r u m e n t .  

b, The  number o f  s a m p l e s  s t o r e d  i n  t h e  c a r t r i d g e .  

c .  The d i s k  d r i v e  b e i n g  u s e d  f o r  data storage. 

The program w i l l  i s s u e  a  warning if  you a t t e m p t  t o  r e a d  d a t a  
without a c a r t r i d g e  p l u g g e d  i n t o  t h e  r e a d e r ,  o r  i f  t h e  r e a d i n g  
program d o e s  n o t  match t h e  r e c o r d i n g  i n s t r u m e n t  i.e. i f  you t r y  
t.o r e a d  C u r r e n t  meter d a t a  w i t h  t h e  I n c l i n o m e t e r  p r o g r a m .  

To p r o c e e d ,  f o l l o w  t h e  prompts  as  t h e y  a p p e a r  o n  t h e  s c r e e n .  
Read ing  w i l l  c o n t i n u e  u n t i l  a l l  t h e  s a m p l e s  h a v e  b e e n  r e a d  o r  
u n t i l  you r e a c h  t h e  l a s t  a d d r e s s  i n  t h e  c a r t r i d g e .  

The d e f a u l t  r e a d  o p e r a t i o n  w i l l  d i s p l a y  t h e  d a t e / t i m e  g r o u p  
and t h e  o r i e n t a t i o n  s e n s o r  d a t a  on t h e  s c r e e n  a l o n g  w i t h  t h e  
number of  samples. Using  t h e  "h" key t o  h a l t  t h e  p r o c e s s  o t h e r  
o p t i o n s  become a v a i l a b l e .  
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They i n c l u d e :  
"9" - t o  s tar t  t h e  read p r o c e s s  a t  t h e  beginni the  

of  t h e  c a r t r i d g e  ( r e - s t a r t i n g  w i l l  write 
o v e r  p r e v i o u s l y  s t o r e d  file!) ; 

" c "  - t o  c o n t i n u e  process a t  p r e s e n t  p o s i t i o n  
(a lways  c o n t i n u e s  i n  d e f a u l t  mode);  

"0" - t o  d i s p l a y  t h e  environmental s e n s o r s  
( i n s t e a d  of o r i e n t a t i o n  d a t a )  c o n t i n u i n g  
from present p o s i t i o n ;  

"b" - b l a n k s  t h e  s c r e e n  w h i l e  p r o c e s s i n g  ( s p e e d s  
u p  o p e r a t i o n  c o n s i d e r a b l y ) ;  

"em - ' t e r m i n a t e  p r o c e s s i n g  at p r e s e n t  p o s i t i o n .  

Since-the g e n e r a t e d  f i l e  i s , a n  A.SCXI d e l i m i t e d  f i l e  i t  c a n  
r e a c h  q u i t e  a s i z e  wi th  r e s p e c t  t o  t h e  number of bytes. I f  you 
have d e s i g n a t e d  a f l o p p y  d r i v e  a s  t h e  s t o r a g e  d r i v e  t h e n  t h e  
program w i l l  pause  a f t e r  e a c h  g r o u p  of SO00 r e a d i n g s  t o  a l l o w  you 
t o  change d i s k e t t e s  i f  n e c e s s a r y .  Hard d i s k s  ' C '  th rough 'F' 
will c o n t i n u e  t o  w r i t e  t h e  d a t a  u n t i l  t h e  c a r t r i d g e  end is 
reached. 

T h e  f o l l o w i n g  table w i l l  h e l p  to determine the c o r r e c t  
f l o p p y  d i s k  size and whether  t o  replace i t  o r  t o  c o n t i n u e :  

C a r t r i d g e  Readings Size of  f i l e  
Size A v a i l a b l e  ( b y t e s  l Disk  s i z e  

- - - - - - - - - -_- -L- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
---I-_---------------------------------------------------- 

64K 5,000 300,000 360K min. 

128K 10,000 600,000 720K m i n .  

256K 20,000 1 ,200,000 1.2Meg. min. 

5 12K 40,000 2 ,400,000 10Meg. Hard d r i v e  

(The above examples are f o r  a MKII Current Meter which 
a v e r a g e s  a b o u t  60 b y t e s  per r e a d i n g ) .  
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2.3.4 Examining Data 

The data file ( e . g .  CH2DAT.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 f i l e s  can be 
used also. The f i l e  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 
- - 

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 3 through 1 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 
column 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 6011U Inclinometers is 
RDIKC. 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 f i r s t  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 milliseirnans/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 essterly and northerly 
components. These components are derived, in principle, as 
follows. First the tilt angle is converted to its trigonometric 
sine - s number in the range zero to 1. Then, this number is 
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m u l t i p l i e d  by t h e  s i n e  o f  t h e  d i r e c t i o n  a n g l e  t o  o b t a i n  t h e  
e a s t e r l y  component. S i m i l a r l y ,  t h e  n o r t h e r l y  component is 
s i n ( t i 1 t )  m u l t i p l i e d  by c o s ( d i r e c t i o n ) .  We end up ,  t h e r e f o r e ,  
w i t h  numbers i n  t h e  range  -1  t o  + I .  On t h i s  s c a l e  -1 i n  t h e  
column 9 would r e p r e s e n t  90 d e g r e e s  of tilt t o  t h e  s o u t h .  The 
C a r t e s i a n  r e p r e s e n t a t i o n  has  a n  a d v a n t a g e ,  i n  some a p p l i c a t i o n s ,  
o f  a l l o w i n g  t i lt  angles t o  be handled  v e c t o r i a l l y .  

The t e n t h  and e l e v e n t h  columns are v a l u e s  of t h e  s t a n d a r d  
d e v i a t i o n s  of t h e  two tilt components. 

I f  c o n d u c t i v i t y  o r  p r e s s u r e  sensors are n o t  f i t t e d  t o  t h e  
i n c l i n o m e t e r ,  dummy d a t a  w i l l  be s t o r e d  i n  t h e  c o r r e s p o n d i n g  
columns on t h e  d i s k .  

'- .- L .. .C 

3 .3  Model 6011 MkII C u r r e n t  Meter 

The program t o  read d a t a  from t h e  Model 6011 MkII C u r r e n t  
Meter i s  RDCM. # 

The f i l e  used t o  store c a r t r i d g e  d a t a  is CM2DAT.DAT. 

Data  a r e  d i s p l a y e d  i n  12 columns as f o l l o w s :  

Column 

3 . 4  Model 6070 Thermograph 

Data 

Month 
Day 
Hour 
Minute 
P r e s s u r e  (as  X FSD of s e n s o r )  
Tempera tu re  ( d e g .  C .  ) 
C o n d u c t i v i t y  (mS/m) 
East-West  c u r r e n t  (cn./sec.l 
North-South  current ( c m . / s e c . )  
E-W S t d .  Devn. ( c m . / s e c . )  
N-S S t d .  Devn, (cm/sec.) 
Sample Number 

The program t o  r e a d  da ta  from t h e  Model 6070 Thermograph is 
RDPTC . 
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The f i l e  used t o  s t o r e  c a r t r i d g e  d a t a  i s  DATLOG.DAT 

Data are d i s p l a y e d  i n  8 columns as f o l l o w s :  

Cof urn Data 

Month 
Day 
Hour 
Minute 
P r e s s u r e  
Temperature 
Conduct iv i ' ty  
Sample Uumber 

3 . 5  Model 6051 P r e s s u r e  Gauge 

The program used t o r e a d  c a r t r i d g . e s  from the  Model 6051 
P r e s s u r e  Gauge is RDPG. 

Data are s t o r e d  i n  DATLOG.DAT. 



APPENDIX I) 

ANGLYTICAL METHODS, SAMPLE CONTAINERS, 
PRESERVATION, AND HOLDING TIMES 
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I SOUTH CAROLINA AMBIENT AIR QUALITY STANDARDS 
(South Carolina Department of H d t b  and Enriromumtd -Coabd; Bcgalrtioo 

61425 - Air Potlath Control Sbnl.rrh. Amcadd dcdht M.J 2 Z 3 ~ 9 e b m w y  
B , ~ W * A ~ ~ U ,  1- J-24, 1!$83;May24,~!M+~dny251!JtW~aakr 
27, 1987; Februuy 26, 1988; April 22, 1W; Janmry 19, 1989; F-Z4:19%9; 
March 24, 1989; May 25, 1990; August 24. 11990; Cokcted -Febmarp2S;1991; 
Ameadcd effective May f4, 1991; Junr 26, 1992) - $1 :=--- 

-- - '. 
CONTENTS (24) h u  pcnod forty (40) percent M y  Alternate methods may be otilizcd only if 

Standad No. 1 - Emhiom from Fuel may ex- for b k n &  but - a m  b-by D c V t n t  
laming Opmtions shall in no case cxcccd an opacity of sixty and by tksEn-ul Pmtcction 
Standard No. 2 - Ambient Air Quality (60) Perant- A - *.. . . 

--5*fd ' - .  
Stanrlnrdn B.NewSoorca 
Standard No. 3 - Wute Combustion and N,, didargc to he ambient - - SE'CTION.W%P~K~C~U~ MAT- 
Reduction air from any source constructed on rn after EM--,".. . . ,' . 

3.f - Medial Fcbruarv 1 1. 1971. smoke which ex& s; Ad- . ' ... . 
I Incineration an opaity of t-ty (20) -t, For r - Tlikrlbuab ' - f puficulrtc 

S t a d a d  No- 4 - Emissions ffom Process total of six (6) mmutcs in one hour or - nvpa a 
Industnca 

rniry oP=- 
twenty-four (24) minutes in a twenty-four a h -  rhJl Ae&dt&da o b  

Standard No. 5 - Volatile Organic C0m- (24) hour per~od. twenty (20) percent taiaai b y - u s c a f E ~  ~ / Q c - *  i . . opaty my k excudcd for soot blowing. (For-&- h a t  m- 
Standard NO. 5-1 - h e s t  A c ~ ~ ~ l ~  but shall in no case exceed an opacity of put, tat.l- tq ' d c n l t o  
h i a a  Rate ('LAER") Applicable to sixty (60) pc-1. total qriw-d- 
Volatilc W n i c  Cumpounds through cdLstuUCA boqcr baa mom 
Suadud No. 6 - Alternative Emission C* Spcdrl Proriskma thon ane (1) stack t h e w  mtcd a p a t y  
Limitation Options The opacity standards set forth above do will ,,,= boikr mted -a- s t n a  N ~ .  7 - prmntion of signifi- not apply during startup or shutdown. ing m thac  arrcktf. hkrpkth d fig- 
ant Detcnation Owners and operators shall. to the extent , for fab*nt-k of 1300 S- NO. 8 - Toxic Air Poflubntr PTBC"Q~~+ maintain and Operate any rniilion Bm ptrb- h e  hplrt a d  ha- 

REGULATION NO. 62.5 source including associated air pollution er shaU k*OOOmpl'ItM by .rrrt of 
control equipment in a manna consistent equation: , . *IR 

CoMaOL STAN- ~ 8 t h  goad alr pollution control practices DARDS 
STANDARD NO. I 

for rnln~miz~ng emmlons. In addition. the 
owner or operator shall maintam a log of E - 57.84 

EMISSIONS FROM FUEL BURNING the time. magnitude, duration any . where E - the allowabk emission rate 
OPERATiONS other pertrncnt rnforrnat~on to determine I n  poundS Per mil1ion BTU and 

S m o N  I - MflBLE EMmlONS mrlods of  start^^ and shutdown and makc P ' million Bm vr 
A. Esbtb# Saraa available to the bepartment upon rcquat. 

No one ahdl discharge to the ambient D. Test Method B. ~pceid ~oridoa • 
air from any existing source constructed The method which is a p e d  by the ,411 fuel burning operations of 10 million 
prior lo F e b r u ~ y  11, 1971. smoke which Department for determining compliance BTU per.hour h a  input and snurller con- 
ex& an opacity of forty (40) percent. with opacity limitations under this %ion -1ru~~cd pna to R b w r y  I I .  197 t . shall 
For a toA of six (6) minutcs in one hour or is EPA Reference Method 9 (40 CFR 60. be aHowed 0.8 pounds per million BTU in- 
twenty-four (24) minutcs in a twenty-four Appendix A. as revised July I. 1986). put. 

P U b h W l  by THE BUREAU OF NATIONAL AFFAIRS. INC.. Wmhhgtm. D.C. 20037 
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TOTAL EQUIPMENT CAPACITY RATING (FUEL IpdPtlT ONLY) 
~ ~ O N B T U P E R H O U R ~ "  --- - .. -- . -. 

SECI'ION I11 - SULFUR DIOXIDE C h  I - Charleston County or opentor of any fossil ftd&d-- 
EMISSIONS Class f 1 - Aikcn County - Anderson gcncm~. -o f  mom t b n  250 m j  0 7 ~  
A. Cclrml County .Per b . k U  iaprt ~ r ~ ~ & d l j l p O U  

The maximum allowable discharge of Class 111 - All others calibrate. opera* and nuiauirr:~ b 
sulfur dioxide (SOr) from fuel burntng C. AUomble Dirchyn l ~ ~ l l t ~ t A ~ t 9 7 8 ,  conti- - 
operations shdl be in accordance with a Sulfur dtoxidc tmlssronr from fudburn- ing system(s) for the mamarmtnt-.d - 
system of priontia as rpecirrcd h l n a f t e r  ing routccs located In various countla -ffwhiCh me- 
~n paragraph 0. The classifications shall be wrll not excad the followtng limits: rpdcihdons of Paragraph O d & b b  
ddincatcd on w county basis. The m a -  I. -n- r . ~ ~ c c p t w h  ; . . b ; : , l  

imum allowable discharge lor the various a.Gaseousfue1 is the only f u r L , ~ -  
classes is specified in paragraph C of this 

Sia 
, - . : ~ 0 i l r a m i x t u r e d p a ~ ~  

Scct~on. mfl- tw, _ onlyf&-id batcam- 
upbud 1ncid.l 3.5 
10 l t r l l a  nm/b is able to comply -dh-the-bf 

B. cI.oriflatioas - -  !3d~i&UdthhSt.adudrrirhut 
I .  The dru into which a given county 

G l r r u  Ilu 10 n U i a  
mlhr 7-1 utilization of particul.tmmatlsr ooUcaroa 

falls has been determined by mathernatlcal c- a c*r equipment. and where rhe rtaa gumator - 
atmospheric diffusion models and other M-- has n m r  bsea- found. .th--& 
mahods which cvaluatc those factors -(H54/ mrniatmuve or jdidrt procrxdingi *.be 
which necessitate iimiu on sulfur dtoxtde R'd-sm ~ I Y ~ D ~ P ~ C J  ~ . p n t  in vioiatior OF Seetien+ of thir-6tmdud. 
emissions. That factors inciudcd but were UPW lam rub mrlk JJ c. The rrcun-gcaatar ~ ~ t h m  
not limited to: ( I )  total sulfur dioxtde l ~ d ~ l ~ ~ l ~ r  1 3  annual avetrgc apacit~faclor d 30 per- 
crn~ssians; (2) spatla1 distnbut~on of sulfur cent or leu. as f i e t o  the-Federal 
dioxide sourcer: (3) effects of single. large ' C'.L "I Powcr-Commiuion fot dcmbyar 1974 
sources: (4) uiating, measud  air quality; M z $ G y  or othcmire adcqurltiy demantmtcd to 
(5) topographical features of the county: R . ~ ~ s , I u ~  sl. r n ~ ~ l a  rru IWW) the Depnmcnt; a d  hrr not ~thequclltly 
(6) contnbuaons to background lcwls due AU 3.3 increased this factor to more tb.n -30 
to sources ouulde the county bang con- D. spcdd hhiolu percent. 

. - 
srdered: (7) population dcnslty. If it can be demonstrated to the satisfac- 2. Woodwaste Boilers. The ownet or *. -la* c'mslfmtiOns * lton of the Board that ambient air s tan  e p n t o r  af any wmd-t~ bdfai ~ o C  - 
revlewd pcriOdimlb * intcrvab dads will not be contravened by a aoura, equipped with a wet s c r u b k  wilt'bc Elld y- and chM- *11' alone or in  rornbinatron with other required to install. a l i b m t ~  o p w l d  as rrquld. When aeauntY is =lgnd a sou-. a ~rcater a~~owancc for sulfur matnuin continuous mitoring aptem(,) 

rcstnctin 'Iu* individual 'Om* dtoxtde d~scharga may be made on a vppmvd by this ~~~~~~~~forthe *a*. pliancc schedules will be established in by caw basis. such a way that rcasonabk time w~ll be surement of opacity, if it meets meor 

allowed for the sources to makc n-rY SECnON t~ - O P A ~  MONITOR- more of the following crrterh: 

changes in equipment and/or fuel con- ING REQUIREMENTS a. Any woodwaste boil# .of a t  lart. 
tracts. 100 X I f f  BTU/hr. rated hertinput. 

3. The followtng classificat~ons arc A. Appiicsblt Sou- b. Any woodwaste boiier, reptdle~~ of 
ass~gncd: I .  Fossll Fud Fired Boilers. The owner size. that has b a n  operating in noncom- . .  

-- 
I 

1.0 

i- 



SOUTH CAROUNA AIR QUAUfY STANDARDS 

pliancc with any applicable state air poilu- pnod of monitoring aptem(s) mdfunc- for la-dlanaapasdur rn comply with 
tion control regulations and standards. tion. provided the o m u  or opcrrtor the requircrrrmr of lhkksion. 

I f  a boiler is fired on mole than one shows. to the satisfaction of the kfmrt- F. Excrp@iur;+fr.mwMo.itorilg 
Tutl, the total capacity wilI determine the mtat. that the malfunction w u  un- R . . . 
applicability of above rcquiremena. avoidable and is repaired u ex- ~ t h e ~ f o r C O n t i n U O U S  
8. c .- M~~ R-. pcditiowly u powble. opacitv m a n i t o t i n ~ c a n a o ~  be im- - - 
R- D. Eqdpmmt Pal- pk&d by tk omcmr apartor due to 

I .  The owner or operator of any fowl " physical plant limiutiona. extreme 
fuel fired s- genmwt subjm to the The CO"ft"uOUS O P ~ C ' ~ Y  mOnltOrln8 m- be--:-- attun 
pmnsiorm of Paragraph A of this Secuon sylm(s) WM WPP~ A.1 of gocntor  o p u a h  of lar lhrn -30 days 
shall submit a wnttm Contin- W d t y  thb Section (for f a d  fuel 6red s t a m  * pa p a r  rhra rbetp&ificd maitoring 
Monitor rtpon to the Deprnmcnt q w -  g m u # r )  conform with tbc l~~-~- - * - ;nat  * r c ~ w r t c  
terly or mon often if q u a d  All qmr- fomnce  ~peaficatioar set f d  in 40- opratjrdc~ammrwnrdtamtcmanitor- 
teriy rrpom must be porunarked by the CF'R. Part 60. Appendix B, M-~ing  a d  m a y & .  
30th day Ylori.g b e  md of a& w- S @ ~ ~  1 u rrrivd Jtdy 1. T 1 9 8 6 . . - - ~ ~ ~ P ~ ~ e d  
dar quarter. which is i n m d  by tef- -3 tht-m-v-m- f written 

the rtpafi inctu& h e  folhlng PM of ths  S u d  exapt tbrt - .reQsat *-t duk* 
minimum infmtmclcn: tbt tenn "Adminismtor" it used ttpt aam.-bbk r a t e m :  

a. All intsgratcd six. minute opacity " m a t "  sh*H k nrbrtim~dc~n &.- )f I .cl.hC4mm of -8) that dttinate 
-m-a for during dition. the opacity monitoring lyuem(s) r c q - p  -* 
tb rpplhbie -- of won I bre shall complete a minimum of one yck of 2. A propolit.4 Ihr d tan r l c  monitor- - w t h e r  with na- O ~ ~ J O "  for each S- 1- ing md  w m e a l l :  a d  • 
and crw, pcrd be iruulled such thtt - ~ t  . 3. Any olhainfonnrtion a d  by the 

b. For pen& of monitonng system tive masummenu of optaty fram .the - Dcprrtmcat tumtLc a dctcmiaatmn that 
dfunct iar :  a f f d  steam generator arc obtdosd; 1 he vbqmtc to 

(i) % &k ad timc iht i fying a d  have an mtrument SP rpprmi- m-he m- KF - , m u -  

period dutiry wiicb the monitaring sys. "u* 80 Pt OPCitY- SECITON' v C U F _ M P ~ ~ ~ ~ S  
m w u ~ - t x c t p l f ~ ~ ~ d  ~heOwnsoroper~torshai lrrcordrht-  T&folloriq---pt 
SF zem and span drift in accordance with the fm k ~ d  thiLm 

(ii) The muln of -i&ag ryrtun method p r ~ ~ ~ ~ ~ b e d  by the manufactrmr of A Raideaetr 
repain or rdjurments. such opauty monitonng systcm(s); sub--. B- 

a S ~ ~ a ~  
* ~~y engaged 

(iii) Rmf of opa ty  mA&ng syntem Jm the SYStem(s) the mmufaaura's in tbcsw -I ian- 
perf-= nuy k qui red  by the h- rcmmmmdcd zero and span check at k t  nnl iod  -de a dttaru, 
pornen' whcvtr repalnor adjlUmcntr On= dally u ~ ~ C S S  the manut9CtLlr~ hm 
have bem made. recommended adjustments at shorter in- S ~ O N  ~f L P ~ C  ~ N C  

c. boiler system repairs or adjutmenu tewals- in ~ h l c h  such Scheduled ~ i a l r t c  
m& - of the p-ions lions shall be followed; adjust the zem and mrtct hteqd of the 
of Sccrion I. span whcnmr the 24-hour zero drift or IoUrcts listed kb+vcrytwa ycuL or 

~f M, mporuble inadcnu -r during 24hour callbrat~on drift limits of 40 CFR. r e q u i d  by p-t d- demon- 
a q- a rrport IS a h  quircd indicat- Pan A p ~ d l x  & PerfOrmanCC %el- stmte complhna - with - thk St.n&rd. 
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MEASURING ~ C B O G B A H S - P E E ~ C ~ ~ B I C ~  ' ...,.. 

POLLUTANT 

Sulfur Dioxide 

INTERVAL UNLESS NOTED OTHmwXSE .(1)(2] C- -. ...,I.- - '  

3 hour I300C4) S, 
24 hours 365(4)  . 

annual 80 . . 
. . - * 

Total Suspended Particulates Annual Geometric 7s - - -.-..- < - ,,.; '. - 
* .. M e a n  . . 

Carbon Monoxide 

Ozone 

Gaseous Flwrides  
(as HF) 

24 hours 
annual 

.- . . ."*.' ' . 
1 hour 40 mg +er cubi.c?!eer.: 
8 hour 1O:ing .per .cub& c%eiter-. 

?"+I. . - .-:...i:;( . '1 . . 
1 hour 0.12 ppm. :(3) . :'t _. .. i . . 

- .  

3 :7 . .  . 12 hr. avg. 
24 hr. avg. 2-9 
1 wk. avg. 1.6 
L mo. avg. 0-8 

Nitrogen Dioxide annual 100 

Lead Calendar Quarterly L,5 
Mean 

(1) Arithmetic Average except in case of total suspended particulate matter 
(2)  At 2S0 C and 760 mn Eg. 
( 3 )  Attainment determinations will be made based on the c r i t e r f a  contained 

i n  Appendices E and K, 40 CFR SO, July 1, 1987. 
(4 )  Not t o  be exceeded more than once a year. 
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each year, the number of days with maxi- 
mum hourly concentrations above 0.1 2 
ppm is determined and this number is av- 
eraged with the results of previous years. 
As long as this average remains "less than 
or equal to 1." the area is in compliance. 

3. Estirnoring the Number of Ex- 
ceedances for a Year 

In general, a valid daily maximum 
hourly average value may not be available 
for each day of the year, and it will be 
necessary to account for these missing val- 
ues when estimating the n u m k r  of ex- 
ceedances for a particular calendar year. 
Thc purpose of t h a e  computations is to 
determine if the expected number of ex- 
ccedances per year is less than or equal to 
I .  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 accaunt for 
incomplete sampling. 

The term "missing value" is uscd here 
in the generai sense to describe all days 
that do not havc an associated ozone mea- 
surement. In some cases. a measurement 
might actually have been missed but in 
other cases no measurement may havc 
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 
need 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 wcre not obtained but 
which would quite likely have been below 
the standard. Such a n  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 nssumed to be less than the level 
of the standard if the valid daily maxima 
on both the preceding day and the follow- 

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 
to be less than the standard, Then the 
following formula shall be uscd to esti- 
mate the exptcted number of exceedances 
for the year: 

e = v + [(v/n)l(N-n-z)] (1 
(*Indicates multiplication.) 
where: 
e = t h e  est imated number  of ex- 

ceedances 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 qua t ion  may be interpreted 
intuitively in the following manner. The 
estimated number of exceedances is equal 
to the observed number of exceedancts 
(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 2, were assumed 
to be less than the standard. Therefore, 
(N-n-z) 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, 19791 
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APPENDlX J TO PART 50-REFERENCE 
METHOD FOR THE DETERMIN ATION 
OF PARTICULATE MATTER AS PMIO 
I N  THE ATMOSPHERE 

1.0 Applicability. 
1 . 1  This method provides for the mca- 

surement of the mass concentration of 

particulate matter with an aetodynam~c 
diameter less than or equal to a nominal 
LO micrometers (PMro) in ambient air 
over a 24-hour period for purposes of de- - 
termining attainment and maintenance of 
the primary and secondary national arnbi- 
en1 air quality standards for particulate 
matter specified in 550.6 of this chapter. 
The measurement process is nondwtruc- 
tive, and the PMIO sample 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 I and 2. 

2.0 Principle. 
2.1 An air sampler draws ambient air 

a t  a constant ffow rate into a specially 
shaped inlet 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 PMlo 
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 quilibration) before and after use to 
determine the net weight (mass) gain due 
to cuilectcd PMlo. The total volume of air 
sampled. corrected to EPA referenu con- 
ditions (25'C. 101.3 kPa), is determined 
from the measured flow rate and the sam- 
pling time. The mass concentration of 
PMlo in the ambient air is computed as  

- 
the total mass of collected particles in the 
PMlo size range divided by the volume of 
air sampled, and is expressed in m i c r e  
grams per standard cubic metcr (fig/std 
m3). For PMlo samples col\ected a t  tem- 
pcraturcs 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 a t  high elevations. Al- 
though not rquired. the actual PMio con- 
centration can be calculated from the 
corrected concentration, using the aver- 
age ambient temperature and barometric 
pressure during the sampling period. 

2.3 A method based on this principle 
will be considered a reference method on- 
ly if (a) the associated sampler meets the 
requirements specified in this appendix 
and the requirements in part 53 of this 

Environment Reporter 
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chapter. and (b) the method has bcen dcs- 
ignatcd as a reference method in accor- 
dance with pan 53 of this chapter. 

3.0 Range. 
3.1 The lower limit of the mass wnccn- 

[ration range is determined by the repcat- 
ability of filter tare weights. assuming the 
nominal air sample volume for the sam- 
pler. For samplers having an automatic 
filterchanging mechanism, there may be 
no upper limit. For sampkrs that do not 
have an automatic filterchanging mecha- 
nism, the uppcr limit is determined by the 
filter mass loading beyond which the sam- 
pler no longer maintains the operating 
flow rate within specified limits due to in- 
creased pressure drop across the loaded 
filter. This uppcr limit cannot be specified 
precisely because it is a complex function 
of the ambient particle size distribution 
and type, humidity, filter type, and pcr- 
haps other factors. Nevertheless, all sam- 
plers should be capable of measuring 24- 
hour PMlo mass concentrations of at least 
300 wg/std rn' while maintaining the o p  
crating flow rate within the specified lim- 
its. 

4.0 Precision. 
4.1 The precision of PMla samplers 

must be 5 @g/m3 for PMlo concentrations 
below 80 pg/m3 and 7 percent for 
PMlofoncentrations above 80 pg/m3, as 
required by Part 53 of this chapter. which 
prescribes a test procedure that deter- 
mines the variation in the PMIO concen- 
tration measurements of identical sam- 
plers under typical sampling conditions. 
Continual assessment of precision via col- 
located samplers is required by Part 58 of 
this chapter for PMIO samplers used in 
certain monitoring networh. 

5.0 Accuracy. 
5.1 Because the size of the particles 

making u p  ambient particulate matter 
varies over a wide range and the concen- 
tration of particles varies with particle 
site. it is difficult to define the absolute 
accuracy of PMlo samplers. Part 53 of 
this chapter provides a specification for 
the sampling effectiveness of PMIO sam- 
plers. This specification requires that the 
expected mass concentration calculated 
for a candidate PMIO sampler, when sam- 
pling a specified panicle size distribution. 
be within + 10 percent of that calculated 
for an ideal samplcr whose sampling ef- 
fectiveness is explicitly specified. Also. the 
particle sizc for 50 percent sampling ef- 
fectivensss is required to be 10 2 0.5 mi- 

crometers. Other specifications related to 
accuracy apply to flow measurement and 
calibration. filter media. analytical 
(weighing) procedures. and artifact. The 
flow rate accuracy of PMlo samplers used 
in certain monitoring networh is required 
by Part 58 of this chapter to be assessed 
periodically via flow rate audits. 

6.0 Potential Sources of Error. 
b. 1 Volatile Particles. Volatile particles 

collected on filters are often lost during 
shipment and/or storage of the filters 
prior to the post-sampling weighing3. AC 
though shipment or storage of loaded fil- 
ters is sometimes unavoidable, filters 
should be reweighed as soon as practical 
to minimize these losses. 

6.2 Artifacts. Positive errors in PMlo 
concentration measurements may result 
from retention of gaseous species on fil- 
ters49 s. Such errors include the retention 
of sulfur dioxide and nitric acid. Reten- 
tion of sulfur dioxide on filters. followed 
by oxidation to sulfate, is referred to as 
artifact sulfate formation. a phenomenon 
which increases with increasing filter al- 
kalinitp. Little or no artifact sulfate for- 
mation should occur using filters that 
m a t  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 f rb r  filters5+ '. '4 9+ lo. 

Loss of true atmospheric particulate ni- 
trate during or following sampling may 
also occur due to dissociation or chemical 
reaction. This phenomenon has been o b  
served on Tenon@ filters8 and inferred for 
quartz fiber filters1'. I*. The magnitude of 
nitrate artifact errors in PMlo mass con- 
centration measurements will vary with 
location and ambient temperature; how- 
ever. for most sampling locations. these 
errors are expected to be smatl. 

6.3 Humidity. The effects of ambient 
humidity on the sample are unavoidable. 
The filter equilibration procedure in sec- 
tion 9.0 is designed to minimize the ef- 
fects of moisture on the filter medium. 

6.4 Filter Handling. Careful handling 
of filters between presampling and post- 
sampling weighings is ncccssary to avoid 
errors due to damaged filters or loss of 
collected particles from the filters. Use of 
a filter cartridge or cassette may reduce 
the magnitude of these errors. Filters 
must also m e t  the integrity specification 
in section 7.2.3. 

6.5 Flow Ratc Variation. Variations in 
the sampler'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 wntrol 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. Tlte flow 
control device serves to minimize errors in 
the flow rate determination. and an 
elapsed time meter (section 7.1.5) is re- 
quired to minimize the error in the sam- 
pling time measurement. 

7.0 Apparatus. 
7.1 PMlo Sampler. 
7.1.1 The sampler shall be designed to: 
a. Draw the air sample into the sampler 

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. 

c. Allow the filter to be installed and 
removed conveniently. 

d. Protect the filtcr and sampler from 
precipitation and prevent insects and oth- 
er debris from being sampled. 

c. Minimize air leaks 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 sampler 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 rate 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 generally be 
satisfied by an inlet shape that is circular- 
ly symmetrical about a vertical axis. 

7.1.3 The sampler shall have a flow con- 
trol device capable of maintaining the 
sampler's operating flow rate within the 
flow rate limits specifid for the sampler 
inlet over normal variations in line voltage 
and filter pressure drop. 

[Part 50, ~ p ~ e n d i x  J] 
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7.1.4 The sampler shall provide a 
means to measure the total flow rate dur- 
ing the sampling 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 capable 
of starting and stopping the sampler shall 
be used to obtain a sample collection pcri- 
od of 24 2 1 hr (1,440 2 60 min). An 
elapsed time meter. accurate to within .t 
15 minutes, shall bc 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 a 15 
minute accuracy specification. 

7.1.6 The sampler shall have an associ- 
ated operation or instruction manual as 
required by part 53 of this chapter which 
includes detailed instructions on the cali- 
bration, operation. and maintenance of 
the sampler. 

7.2 Filters. 
7.2.1 Filter Medium. No commercially 

available filter medium is ideal in all re- 
spects for all samplers. The user's goals in 
sampling dctcrminc the relative impor- 
tance of various filter characteristics (e.g., 
cost. ease of handling, physical and chem- 
ical characteristics, etc.) and, consquent- 
ly, determine the choice among accept- 
able fitters. Furthermore, certain types of 
filters may not be suitable for use with 
some samplcrs, particularly under heavy 
loading conditions (high mass concentra- 
tions), because of high or rapid increase 
in the filter flow resistance that would ex- 
ceed the capability of the sampler's flow 
control device. However. samplers 
equipped with automatic filter-changing 
mechanisms may allow use of these types 
of filters. The specifications given blow 
are minimum requirements to ensure ac- 
ceptability of the filter medium for mca- 
surement of PMra mass concentrations. 
Other filter evaluation criteria should bc 
considered to meet individual sampiing 
and analysis objectives. 

7.2.2 Collection EBciency. 2 99 per- 
cent, as measured by the DOP test 
(ASTM-2986) with 0.3 pm particles at 
the sampler's operating face vetocity. 

7.2.3 Integrity. 5 5  pg/m' (assuming 
sampler's nominal 24-hour air samplc vol- 
ume). Integrity is measured as the PMlo 
concentration equivalent corresponding to 
thc avcragc difference between the initial 
and the final weights of a random sample 

of test filters that arc weighed and han- 
dled under actual or simulated sampling 
conditions. but have no air samplc passed 
through them (i.e.. filter blanks). As a 
minimum. the test procedure must in- 
clude initial cquilibration and weighing, 
installation on an inoperative sampler, re- 
moval from the sampler. and final equili- 
bration and weighing. 

7.2.4 A l k a l i n i t y .  <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 Tramfer 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 fiow rate with an accura- 
cy of f 2 percent. 

7.4 Filter Conditioning Environment. 
7.4.1 Temperature range: 15' to 30'C. 
7.4.2 Temperature control: 4 3 'C.  
7.4.3 Humidity range: 20% to 45% RH. 
7.4.4 Humidity control: f 5% RH. 
7.5 Analytical Balance. The analytical 

baiance must be suitable for weighing the 
type and size of filters rquired 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. I 
mg is rquired for high volume samplers 
(flow rates ~ 0 . 5  m3/min). Lower volume 
samplcrs (fiow 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 - tab 
lish traceability of subsquent flow rnea- 
surcments 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 samplcr's flow measurement device. 

8.1.2 Particle size discrimination by in- 
ertial separation requires that specific air 
velocities be maintained in the sampler's 
air inlet system. Therefore, the flow rate 
through the sampler's inlet must be main- 
tained throughout the sampling period 
within the design flow ratc range specified 

by the manufacturer. Design flow rates 
arc specified as actual volumetric flow 
rates, measured at existing conditions of 
temperature and pressure (Q.). In con- 
trast, mass concentrations of PMlo arc 
computed using flow rates car~ected to 
EPA reference conditions of temperature 
and pressure ( Q l ~ ) .  

8.2 Flow Rate Calibration Procedure. 
8.2.1 PMto samplers employ varlous 

types of flow control and Bow measure- 
ment devices. The specific procedure used 
for flow rate calibration or verificat~on 
will vary depending on the type of flow 
controller and Bow indicator employed. 
Calibration in terms of actual volumetric 
Bow rates (Q,) is generally recommended, 
but other measures of flow rate (e.g., Qltd) 
may be used provided the requirements of 
section 8.1 are met. The general proce- 
dure given here is based on actual volu- 
metric flow units (Q,) and serves to illus- 
trate the steps involved in the calibration 
of a PMlo sampler. Consult the sampler 
manufacturer's instruction manual and 
Reference 2 for specific guidance on cali- 
bration. Reference 14 provides additional 
information on the usc 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 q u a -  
tion or family of curves) such that tracea- 
bility to the primary standard is accurate 
to within 2 percent over the expected 
range of ambient conditions (LC., temper- 
atures and pressures) under which the 
transfer standard will be used. Re- 
calibrate the transfer standard periodical- 
ly- 

8.2.3 Following the sa.mpler manufac- 
turer's instruction manual, remove thc 
sampler inlet and connect thc flow rate 
transfer standard to the sampler such that 
the transfer standard accurately measures 
the samplcr's flow rate. Make sure there 
are no leaks bctwcen the transfer stan- 
dard and the sampler. , 

8.2.4 Choose a minimum of three flow 
rates (actual m'/rnin), 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 sampler 
manufacturer's instruction manual. ob- 
tain or verify the calibration relationship 
between the flow rate (actual m3/min) as 
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indicated by the transfer standard and the 
sam~ler's flow indicator reswnse. Record 
the ambient tempcrature aid 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 
corrections arc necessary, correction on 
an individual or daily basis is preferable. 
However. seasonal average temperature 
and average baromctric pressure for the 
sampling sitc 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 flow 
rate (actual m3/min) with a clean filter in 
place. 

8.2.6 Replace the sampler inlet. 
9.0 Procedure. 
9.1 The sampler shall be operated in 

accordance with the specific guidance p r e  
vided in the sampler 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 
(Q,) and serves to illustrate the steps in- 
volved in the operation of a PMlo 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 cquilibration. 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 m3/rnin) in accordance 
with the instructions provided in the sam- 
pler manufacturer's instruction manual. 
NOTE.-No onsite temperature or pres- 
sure measurements arc necessary if the 
sampler's flow indicator does not require 
temperature or pressure corrections or if 
seasonal average te~nperature and aver- 

age barometric pressure for the sampling 
site are incorporated into the sampler cali- 
bration (see 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 lev- 
el. and may need to be corrected for dif- 
ferences in elevation between the sam- 
piing 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 sampler. 

9.8 Set the timer to start and stop the 
sampler a t  appropriate times. Set the 
elapsed time meter to zero or record the 
initial meter reading. 

9.9 Record the sample information (sitc 
location or identification number, sample 
date, filter identification number, and 
sampler model and serial numbcr). 

9.10 Sample for 24 2 1 hours. 
9.1 1 Determine and record the average 

flow rate (Q,) in actual m3/min for the 
sampling period in accordance with the 
instructions provided in the sampler man- 
ufacturer's instruction manual. Record 
the elapsed time meter final reading and. 
if nccdcd. the average ambient temptra- 
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. 

9.1 3 Place the filter in a protective 
holder or container (e-g., petri dish, glass- 
ine envelope, or maniia folder). 

9.14 Record any factors such as met- 
rological conditions, construction activity, 
fires or dust storms. ctc.. 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- 

Copyright 8 1992 by The Bureau of Natlonai Affairs. Inc. 
0013-921 1 /92/$0+.50 

sampling weight with the filter identifica- 
tion number. 

10.0 Sampler Maintenance. 
10.1 The PMro sampler shall be main- 

tained in strict accordance with the main- 
tenance procedures specified in the sam- 
pler manufacturer's instruction manual. 

1 1.0 Calcularionr. 
1 1.1 Calculate the average flow rate 

over the sampling period corrected to 
EPA reference conditions as Qltd. When 
the sampler's flow indicator is calibrated 
in actual volumetric units (Q,), QItd is cab 
culated as: 

- where 
&=average flow rate a t  EPA reference 
conditions, ;td m3/min; - 
Q,=average flow rate a t  ambient condi- 
tions. m3/min; 
P,,=average barometric pressure during 
the sampling period or average baromet- 
ric pressure for the sampling site. kPa (or 
mm Hg); 
T,,=average ambient temperature during 
the sampling period or seasonal average 
ambient temperature for the sampling 
site, K, 
T,,a-standard temperature. defined as 
298 K; 
PStd==standard pressure. defined as 101.3 
kPa (ar 760 mm Hg). 

11.2 Calculate the total volume of air 
sampled as: - 
Vlld = Q d t  

where 
V,,ptotal air sampled in standard volume 
units, std m3: 
t=sampling time. min. 

11.3 Calculate the PMIO concentration 
as: 

PMIO = (Wr- Wi) X 106/Vsd 
where 

PMla =mass concentration of PMIo. 
pg/std m3; 
Wr, Wi=final and initial weights of filter 
collecting PMlaparticlcs, g; 
l!F=conversion of g to pg. 
NOTE: If more than one s i x  fraction in the PMlo 
s i x  range is collected by the ramplcr, tb rum of 
the net weight gain by cash collection filter 
[TS(W~WI)] is used to calculate tbc PMto mass 
canantration. ' 
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APPENDIX K TO PART 50-INTERPRETA- 
TION OF THE NATIONAL AMBIENT 
AIR QUALITY STANDARDS FOR PAR- 
TICULATE M A ~ R  

1.0 General. 
This appendix explains the computa- 

tions necessary for analyzing particulate 
matter data to determine attainment of 
the 24-hour and annual standards sptci- 
lied in 40 CFR 50.6. For the primary and 
secondary standards, particulate matter is 
measured in the ambient air as PMlo 
(particles with an aerodynamic diameter 
less than or qua1 to a nominal 10 mi- 
crometers) by a reference method based 
on Appendix J of this part and designated 
in accordance with pan 53 of this chapter, 
or by an equivalent method designated in . 
accordance with part 53 of this chapter. 
The rquircd frequency of measurements 
is specified in part 58 of this chapter. 

Several terms used throughout this a p  
pendix must be defined. A "daily value" 
for PMlo refers to the 24-hour average 
concentration of PMIO calculated or mea- 
sured from midnight to midnight (local 
time). The term " e x d a n c c "  means a 
daily value that is above the level of the 
24-hour standard after rounding to the 
nearest 10 pg/m3 (i.e.. values ending in 5 
or greater are to be rounded up). The 
term "average" refers to an arithmetic 
mean. All particulate matter standards 
arc expressed in terms of expected annual 
values: expected number of exceedances 
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 a b  
sen- of long-term trends in emissions or 
meteorological conditions. The term 
"year" refers to a calendar year. 

Although the discussion in this appcn- 
dix focuses on monitored data. the same 

principles apply to modeling data, subject 
to EPA modeling guidelines. 

2.0 Attainment Detcrminutionr. 
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- 
ctcdancts at a site is determind bv re- 
cording the number of exceedan& 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 wssible adiustments for un- 
usual events br trends i r e  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 expcct- 
ed number of exceedances is then estimat- 
ed by averaging the individual annual cs- 
timates for the past 3 ycats. 

The comparison with the allowable ex- 
pected exatdance rate of one per year is 
made in terms of a number munded to the 
nearest tenth (fractional values equal to 
or greater than 0.05 arc to be rounded up; 
e.g.. an exceedance rate of l .O5 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 are at- 
tained when the expected annual arithme- 
tic mean PMla concentration is less than 
or qua1 to the level of the standard. In 
the simplest cast, the expected annual 
arithmetic mean is determined by avetag- 
ing the annual arithmetic mean PMio 
concentrations for the past 3 calendar 
years. Becaw of the potential for incom- 
piete data and the possible seasonality in 
PMlo concentrations, the annual mean 
shall be calculated by averaging the four 
quarterly means of PMIO concentrations 
within the calendar year. The formulas 
for calculating the annual arithmetic 
mean arc given in Section 4. Situations in 
which 3 years of data are not available 
and possible adjustments for unusual 
events or trcnds are discussed in Sections 
2.3 and 2.4. The expected annual arith- 
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ATTENTION! 

I .  To avcid an electticzl shcck, ciscznnect the 1 15 volt A.C. power prior to 

pedorming any maintenance acivities on the HVPMl 0 sampler. 

2. Proper alignment of the Model 1200 Inlet halves is required to mJntain a 
prcper seal. Check ~I ignment  pifis zr,d hcles for proper s2t;ing cefcr l  

lockins the inlet hcck-cztches. 

3. Handling c t r e  and technique should be developed to ansure the quartz fiber 

filter media is not damzged prior to or after t sample run'(this media is 
extremely brittle). A filter canridge is mtndstcry with all ASIIGMW HVPM:O 

systems. 

4. Because of the size of the PMf 0 fraaionating inlet, it is required that the sam- 
pler be firmly anchored to the site plttform or  a pallet. Model 2021 (PN 

G2021) accessory support feet are recommended. 

5. The Model 1200 c31Iection shim mus; be checked routinely for overlotding. 
Refer ta Section 7.1 for procedures. 

6. Adequate voltzge is required for HVPMIO sampiers equipped with mass flow 

controllers. A minimum line voltzge of SO VAC is necessary to ensure proper 
operation. Ground fault interrupters are recammended for all HVPM1 0 

systems. 



On July 1, 1987, the U.S. Environmental Prctectian Agency (U.S. E?A) 
promulgated a new size-specific air quality standard (refer to Appendix A) fcr 
ambient particulate matter. This new primav st tndzrd applies only to gzrticies with 

aerodynamic diameters smaller than, or equal to, 10 micrometers (PM1 O), and 
replaces the original rules for total suspended particulate matter (TSP). Ta 
measure concentrations of these particles, the EPA alsa prornutgzted a new 
federa[ reference method (FRM). This method is based on the frzctionaticn o f  
non-PM10 particles from ther size distribution, followed by filtration and gravimetric 
analysis of PMlO mass on the fiIter substrate. 

The new primary standard (adopted to protect human health) limits PM10 

concentrations to 150 micrograms per standard cubic meter (pg/std. m3) during a 
24-hour period. it is believed that thesa smaller particles are able to reach the 

lower regions of the tturnan respiratory tract, and thus be responsible for most of 

the adverse health effects associated with suspended particulate pollution. The 
secandary standard, used to assess the impact of pollution on public welfare, has 

also been established I50 pg/std. m3. 
Andersen Samplers, lnc (ASI) and General Metal Works (GMW) High 

Volume PM10 (HVPM10) systems meet all FRM performance specifications for the 
measurement of PM10 2nd hence, have been designated as an approved method 

for the determination of suspended PMlO particulate concentrations. Each 
ASVGMW 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 designation number. 

Regardless of 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 vofume shelter identified as G8500, 
8. PM10 fractionating inlet identified as either Model 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 hctder and phenolic plastic motor 
housing with a 0.6 hp mdto r (GMW product), ' .  



REFERENCE METHOD 
DESIGNATION and 

MODEL NUMBER DESCRlPTlON 

RFPS- 1287-063 I .  Single Accler;ition Nozzle Stage 
2. 9.7pm, 50% cut point 
3. Greased Collection Shim 
4. lnlet Body Hinged for Cleaning 

RFPS-1287-064 1. Two Accleration Nozzle Stages 
2. 9.7pm, 50% Cut Point 

SR/G 321 -0 3. Greased Collection Shim on first stage 
4. lnlet lid Removable for Cleaning 

1. Single Accleration Nozzie Stage 
RFPS-1287-065 2. 9.7pm.50%CutPaint 

S A / G  321-C 3. Greased Collection Shim 
4. lnlet lid Removable for Cleaning 

Note: An inlet originally purchased as Model 321 
(&g/e stage inlet without greased shim) or Model 32 1 -A 

(Wo stage inlet without greased shim) must be modified to meet 
reference method designation. Please contact the factory. 



I). Either t n  electronic m t s s  flow cr vclurnetnc flow contrcl system (Varizcs 
2nd s:ep-down ::~nsfcrmon Ers nct eiicible f l o * ~  czn;rtl systams fcr 

PM10 ssmpiins), 
E. Either a c ig i t~ l  : imer/prcgrammer,  ssven-d;y mechznical timer, six-d+y 

tirner/programner, solid s:zte :imer/programmer, or elzpsed t i m e  
inbicatcr. 

F. Either a cor.iinuccs flow rsczrder or an a l t e rnz t e  meihca fc r  recsrding 

operation flow rate (e.g., pre-and post f b w  checks). 

If an HVPMlO sampler is nct equipped with a component frcm each of :he 
above categories, dat t  collected ctnnot be directly or ultimately reported to the 
U.S. EPA. If there are questicns regarding the authenticity of the monitoring 

system, please conttct the kc ta  y as soon as possible. 
This document will address the recommended methods of operation for 

ASllGMW HVPMlO monitoring systems. The procedures presented herein are 
within all quality assurance znd operational specifications required by the FRM, 

comoatible with procedures pressnted in the 'Quality Assurance Handbook for Air 
Pollution Measurement Systems, Volume I ! .  Section 2.1 1 and are specific to 

ASVGMW systems. 



2.1 Method Summary 
The FRM describes in detail the performance requirements far all PM10 

samplers. The instrument must meet the bzsic requirsments sinplified in Table 
2.1. All ASI/GMW HVFMiO rnonitcrir,~ sys:ens s~tisbj these c::terie. Only partrcles 
S10 prn are drawn t h roush  the inlet and a cznstent, cantrolled flow rate is 
maintained by either a mass flow (MFC) c r  vclumetric flow csntroller (VFC). 

Particles are collec:ed cn a micro-c;uar;z fiber filter :hat is equilibrated and welghed 
before (tare) and after (gross) sampling to determine the weight (net mass) gain c i  

the sample. Sarnpie duration is either controlled by a timer accurate to + I  5 

minutes over a 24-hour sample period or measured by an elapsed time indicator. 

To calculate the mzss cancentration of PM10, the total volume of air 

sampled is determined from the rneasdred aeual flow rate and the sampling time. 
The concentration of PM10 in the ambient zir is then czmputed as the net mass 
collected divided by the volume of air sampled. Since the sampler is operated in 

terms of actual or seasonal average canditians (to meet the design sgecificaticns of 
the inlet), the operational flow rate (and thus, the sample volume) must be czr- 
rected to ,U.S. €PA reference conditions (29a°K, 760 rnmHg) for data reporting. 
Reported concentrations must be expressed 2s mic;c~rams per standard cubic 
meter (pglstd. ma). 

As previously indiczted, the Size-Selective Inlet (SSI) is the sampler 
component that characterizes the reference method designation number of an 
HVPM10 sampler. Since several modifications have occurred, the following brief 
history of the evolution of the ASVGMW SSI may be helpful. 

The original SSl's were developed by Dr. A.R. McFariand under an U.S. 
EPA grant to meet a potential lnhaiable Particulate standard. At that time, the U.S. 

EPA proposed to regulate only those particfes with an aerodynamic diameter (ad. )  
of 15 pm. After research and field studies, the U.S. EPA reconsidered this 
particufate indicator and decided that an indicator based on the concentration of 
Thocacic Particulates (those particies that can be entrained in the respiratory 

system. 210 ym a-d.) provided a better indication of the potential health effects from 
particulate pollution. 



T&le 2.1 Federel Reference Method HVPMtO Perfomance Recuirsmenrs 

I SPECIFICATION PART NUMBERS I 
1. Draw a measured quantity of ambient 

air through a specially designed, particle 
size discriminating inlet 

SNG 12CO 
SAG 321 -8' 
SA/G 321 -C9 
(*nu iortger sold) 

2. Maintain a constant flaw rate within the 
design specifications of the HVPMI O'inlet 

SA350 1 031 0 (mass flaw rate) 
G360 (votumetric flow rate) 

3. Collect the sample on approved filter media GQMA (Micro-Fiber Quartz) 

4. Have a timing controi system within accuracy 
limits stipulated by the FRM. 



Dr. McFarland mcdiiied the singIe stage. 15 pm (Llodel 320) SSI to obtain a 
10 pm czt pcint under funding from AS1 2nd this inlet was soid frcm March, 1982 

uniil h.l.~y, i $84 under a Pvlcdel 321 dosignation. Although the Model 321 inlet .-;ret 

all of the prevailing pefformznce s?eciiicaticns for PhrllO inlets, Or. 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 
collection surfzcs was required (within the SSI) to prevent a potential "carry- 
through" of fzrse particles (920 gm) at PM10 monitoring sites subject to high 

cancentration of wind-blown dust. 
Lzter TAMU data analysis determined that the  of  10.2 pm inlet cut point 

(original design of Mcdel 321 and 321 -A inlets) could be modified to a cut point of 
9.7 1.l.m by using a smaller diameter acceleration nozzle. A 9.7 prn cut point meets 
not only ail Federal Reference Method (FRM) inlet specifications (inlet cut point of 
10 pm .i: 0.5 gm) but also results in lower mass concentration measurements. 
Hence, the development of greased shim and nozzle insert retro-fit kits for both the 
321 and 321 -A inlets. ASIfGMW offer these modification kits free to all customers 
who purchased Models 321 and 321-A inlets, it is only necessary to contzct the 
manufacturer. Retro-fit instrueions are presented in Appendix E of this manual. 

Once modified with a greassd collection surface, the 321 and 321-A inlets 
are designated Reference Methods (RFPS-1287-065 and RFPS-1287-064, 
respectiveiy) and are referred to as Model 321-C and 321-8, respectively. Note: 

Nozzle inserts for Model 321-A inlets are not required for FRM designation, they 
are however, recommended by the manufacturer. 

Since the greased coileeion shim all ASUGMW HVPMlU inlets needs to be 

routinely cieaned, Dr. McFarland fater developed a hinged-body (Model 1200) SSi 
lo facilitate these maintenance pmcadures. 

This section will examine each portion of the monitoring system and provide 
a discussion on the principle of operation for each individual component. For 

simplicity and organizational purposes, it will be assumed that the Model I200 inlet 

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 321-8 Inlet (note: These inlets are no ronger being manufactured: however, 

due to the number of these inlets in operation, their operational principles are 
being included here.) has been mounted on a high volume sampler equipped with 
a- mass f!ow controller, continuous flow recorder, and a Goday on/off timer. These 

configurations are not required nor necessarily recommended. As indicated in 



Table 2.1, ii the monitoring system saisiies the  requirements presented in $0 CF? 
53, Appendix J,  the individual camponents are interchangeable; any czmbineticn 

of inlets. ilcw contrcllers 2nd timers is allowed. 

2.2 Model 12001VFC HVPMIO Sampler, RFPS-1287-063 
Figure 2.1 pressnts a schemstic indicating the basic elements of the  htadsl 

t 200 VFC riVPFvll0 sampler. As ambient air is drawn into the inlet, it is evactlatad 
from the buffer chamber through nine acceleration ~ O Z Z ~ ~ S  into the impaction 

c h t m b e r  where partic!es larger than 10 pm are impacted onto a greasad coilec:icn 
shim. The air cclntaining the PMIO paflicfe frzction is then channeled thraugh an 
additional 16 vent tubes and filtered through a specially formuiated micro-qua,:; 
fiber filter. The acceleration ~ O Z Z ~ S  have critical diameters calculated and 
periorrnance tested to provide the necessary velacity to effect correct particle size 
fractionation within the impaction chamber. Because air velocities are critical to 

maintain a PM10 cut point within the inlet, maintaining t h e  coned design flow rate 

of 1 .I 3 m31rnin (f 10%) at actual conditions is imporrant. 
Sample flaw rate is cantroiled and maintained by a volumetric flow cantroller 

(VFC). Simply stated, the VFC is a dimensional venturi device used to control gas 
flow. When applied to a high volume air sampler, this flow control principle 
incorporztes a smooth-wall venturi that gradually opens to a recovery section. 
Vacuum is provided by a blower/motor downstream of the venturi. 

Flow control is accorn~lished by ocduding. and thus accelerating, the air 
flow through the venturi. At some point in the flow Stream, the air velocity will equal 
the acoustic velocity, and critical flow will be achieved. As long 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 ASVGMW VFC utilizes this principle 
of choked flow to maintain a constant actual flow rate of 1 .I 3 rnJ/rnin over a sample 
period. Note: If data are to be reported to the U.S. EPA, the flow rate must be 
corrected to standard conditions befare calculating the sample volume. These 
calculatians are presented in Section 6.0 of this document. 

Since critical flow through the venturi is not greatly affected by changes in 
filter loading, ambient temperature ar station barometric pressure, a stable 
volumetric flow rate is maintained as tong as sufficient power is provided to the unit. 
TO determine the sarnplefs operational flow rate (as required by the FRM) a 
calibration must be conducted. Specific clibration prpcadures are presented in 
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Secion 4.0. The sampler's indiczted flcw end !he reading fmm t r ,  zlacsad tics 
meter, is then ussd to cgrnpute the stmole vclune. ASl/GILlW have two rnodsls of  

elapsed time indicstors: one thzt can k t  reset, the other provides a non-stop 
recgrd of the samplers total operational t ine. Tne model saiect~d is c;;rionzl. 

2-3 Model 321 -B/MFC HVPMI 0 Sampler, RFPS-1287-064 
it is assumed for sinplicity thzt the Model 321 -8 inlet has been mzted with a 

mass flow controller. However his is nct necesszrry since, a 321 -8 inlet will 

perfarm as designed with a volumetric i1ow controller. 
Figure 2.2 presents a schematic indicating t h e  basic elements ci the blodel 

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 prn are impacted onto a 
greased coflection 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 velocity to effect 
correct particfe size fractionation within the impaction chamber. The air flow finally 
exits the inlet through nine vent tubes onto a micro-quartz fiber filter. Currently, the 

micro-quartz fifter is the only commercially avaiizble filter media that satisfies the 
requirements stipulated in 40 CFR 53, Appendix J far PMt 0 monitoring, ASUGMW - 
are researching alternate media and will inform our customers i f  2ny become 
available. 

Air is puiied through the filter into the intake of a motor and subsequently 

exits into the atmosphere. The actual mass flow rate of the sampled air is con- 
trolled with a referencejsensing flow probe mounted in the throat section of the filter 
holder. The electrical output of the flow probe and associated solid state circuitry 
is used as the control signal to adjust the motor speed. Thus, as ambient 
conditions or filter loadings change; the controller increases or decrezses the 
electrical power to the motor in such a manner that the mass flow rate is maintained 
at a constant velocity. The desired sampler flow rate is adjusted by a potentiometer 
following the sampler's calibration. 

The specific mass flow rate at which the sampler should be set will depend 
upon local conditions of temperature and barometric pressure. The Model 321-8 
SSI is designed to maintain a 1 M  0.5 pm cut paint over a flow rate range of 1.02 to 
1.24 m3lmin at actual conditions. It is imperative that the operator choosa a set- 
point that will "center the flow rate in respect to fluctuating run day temperature 
and barometric pressure conditicns. To' accomplish this, a seasonal average 
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temperature and barometric pressure for each monitoring site should be 
determined. Using these values, an optimum ~2zsoc;zl average adjusted flow r t t g  

is cslcufated snd a sat-point determined. C a l c u l ~ i l ~ n ~  and SGt pcint t c j u ~ t r i e n t  

procedures are presented in SeCicn 4.4. A c a n t i n u o u s  reczrding of t h e  
sampler's flow rate is provided by a pressure trznsducsr. This instrument is 
connected to the exhaust pressure port of the motor 2nd monitors the difference in 
pressure between atmospheric and the motor plenum. The rzspcnse of the flcw 

recorder is calibrated and can be used to not only measure the sampler's tlcw rzte, 

but also to monitor the line-voltzge strbility and flow cantroller performanca. It is 
' assumed that the Model 321-B/MFC sampler is also equipped with a mec3aniczt E -  

day timer. This timer is designed to operate with the HVPMlO sampler to czmpty 
with the sixth day format outlined in the Federal Register and is accxate to within 

21 5 minutes over a 24-hr sample period. Once properly set, this timer will energizl 
the sampler every sixth day, at midnight, and allows rotation of the sample period 
over an entire week. . 

2.4 CaIibration Equipment 
A conventional orifice device, identical to that used in the calibration of a 

total suspended particulate sampler, is used to calibrate the ASVGMW H V P M t  0 

sampler. Two orifice models are available: one equipped with a set of five 
resistanci plates (PN (3251, and the other with a valve allowing for variable 
resistanca {PN G335). In either case, the orifice device must be calibrated against 
a standard of knawn accuracy every year and provided with a czlibrzticn 
relationship (orifice pressure drop vs. actual flow rate) by either the calibrating 
agency or the operator. 



The ASI/GMW HVPM10 sampler is delivered in two cartons: one csntains 
the Slzs-Selective inlet (SSI), the second contains the sampler shelter or base 
unit. This section presents assembly instrudions for the Model I200 inlet and a 
basic base unit. 
Specific instructions for retro-fitting HVPMtO samplers (e-g., exchanging a 
Model 321 -0 inlet for a Model 1200 or installing a VFC in a sampler previously 
equipped with an MFC) are available frcm the manufacturer and are nct 

presented here. Retro-fit instructions far modifying a Model 321 -A inlet to a 

Madei 321 -8 are presented in Appendix E. 

3.1 Model 1200 Size-Selective lnlet (SSt) 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 not to drop the dome-shaped hood. The SSI is packaged with two 

protective cushions: one rests between the hood and the inlet, the second 
above the acceleration nozzles. Remove both cushions and the four cardboard 
comer braces. Gently lift the SSf from the carton and place it on the floor or on 
a wurkbench. Save the shipping container and packing material for future usa. 
Locate the hardware bag taped to the acceleration nozzle piate and assemble 
the SSt as follows: 

I. Place the hood (dome side up) onto the SSI housing. 
2. Align one hole (8 total) on the hmd with one located on the inlet rain 

deflector ramp (PN SSI-106). The rain deflector ramp is the gently 
curved section of the acceleration plate adjacent to the nozzles. 

3. Place an afuminum spacer (PN SSI-60) between the hood and the 
acceleration nozzle plate. 

4. For each spacer, place a thumb screw and nylon washer in-line. 
Loosely fasten the spacer to the nozzle plate and hood. Repeat 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 s:rinless steel inlet hock-catches and tilt bask the top 
portion of t he  SSI. Latch the inlet support stntt in its ucoer mast 

position. 
6. Release the collection shim from its 2 shim clips. Lift t h e  shim czre- 

fully past t he  nozzles and out of the inlet. 
7. Place the shim on a clean flat surface and spray with a thick cozting of 

Dow Carning Silicone $316. Do not substitute any ather greass or oit 

without contacting the manufacturer; particle bounce characteristics 
may be affected by changing the viscosity of t h e  oil. 

8. Handling only t h e  edges, return the collection shim (ailed side uo) to 

the sampler iniet and secure. 
9. While holding the inlet support strut forward, dose and secure the top 

portion of t h e  sampler inlet. Note: It may be necessary to adjust the 

inlet hooklcatches. To accomplish this, loosen 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 lock-nut. 

3.2 HVPMlO Sampler Shelter Assembly. Instructlons- VFC 
SAMPLERS 

The instructions presented in this section are specific to ASI/GMW 
HVPMlO sampling systems ordered with Volumetric Flow Controllers (VFC). 

The HVPMlO sampler shelter is easiest removed from the shipping 
container by tipping the caftan horizontally and t h e n  slowly removing the 
shelter. The two additional boxes included in the shelter shipping carton house 
the motor and VFC and the fitter holder assembly. The procedure to assemble 
the shelter are as fallows: 

1. Remove the VFC, motor (Figure 3.1) and fiiter holder assembly from 
their respective boxes. 

2. Remove the male adapter (PN G2002) by removing the four (4) 114 20 
x I" hex-head bolts, This will expose the motor. 

3. If a neoprene gasket has not been glued on the banom of the VFC, 
install one (1) of the VFC flange gaskets directly on b p  of the motor 
housing. Make sure that the gasket is present and undamaged 
before continuing. 
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Figure 3.1 VFC Component Parts 



4. Using the four (4) 1/4-20 x 38" hex-head screws, attach the  VFC to the 

motor housing. Do not over-tighten zs damage to the VFC flange 
gasket mzy result. Make sure that ths arrcw on the VFC is pci~t ing  
dawn (toward the motor). 

5. PIace the second VFC flange gasket on the top of the VFC. Attzcl'l the  

male adapter to the VFC by installing and tightening the eight (8) t /4 x 
20 XI hex-head butts. Go not over-tighten. 

6. Attach the  assambled VFC system to the filter holder. Make sure that 
the  motor plate gasket (PN G2001) is present before tightening. 

7. Center the FH-sealing gasket (8 x t O  x 318") over the rectangular hole 
in the shelter pan. With the aid of another person, lift the entire filter 
holderNFC assembly and gently drop it into the rectangular shelter 
pan hole. Make sure that F7-f-sealing gasket is centered evenly around 
the hole. Adjustment may be necessary after the assembly is placed 
inside. 

8. Connect the tubing between the continuous recorder and the motor 
pressure tap. Connect the tubing between filter pressure tap and quik- 
connect fitting on shelter. 

Note: If the sampler is. being assembled at a csntral 
location (not where it will be operated), it is 
recammended to skip steps 9- 12 until the sampler is 
deployed. It is much easier to transport the sampler 
without the iniet attached. Once deployed, the shelter 
must be firmly anchored before installing the inlet. 

. Extended support feet (PN G2021) are suggested. 
9. With the aid af another person, carefully place the assembled SSI on 

the shelter. 
10. Secure the inlet to the shetter bady by installing the four (4) 10-24 x 1" 

machine screws In the sides of the shelter (refer to Figure 3.2) and 
through the shelter pan (PN 012006). Pre-punched holes are 
provided in .each new shelter body. 

I I .  Cut free the SSI shelter pan suppan strut (PN 012001 8). Unlatch the 
6 draw catches that attach the base pke to the shelter pan section. 

12. 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. 



MOOEL i200 SSI 
MOUNTING HOLES 
FOR 10-24x1 ' '  - 

MACHINE SCREWS 
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Figure 3.2 High Volume Shelter without TSP Gabled Roof 
or HVPMIO Inlet 



13. plats a Iaaded filter cartridge on the sampler and connect the male 
sower cord to line voltage. EnergiZP tl'le S ~ T I O I ~ ?  and ensure that ;he 
reccrder indicates sn upscale rercanss. Can:,zc: t h s  m ~ r ; u f a c ~ ~ ~ ~  
immediztely if failure is suspected. 

14. Turn oif the ssmpler. Fallowing instructions in Appendix O for the 

specific timer model installed, connect the motor to the timer a n d  
program, if necessary. Closa the shelter door. 

r 5. While holding the shelter p a  suppcfl strut taward you. ciosa the inlet. 
Latch the 6 shelter draw-catches. If necessary. adjust the shelter p t n  
draw-catches following the pmcedure presented in Step 9, Seeion 
3.1. 

1 6. Conduct a leak test and calibration as presented in Seeion 4.2, 



As diselrssed in Sec:icn 2.1, it is = s ~ z n s d  in th i s  doct'rnent thzt the 

Mcdel 1200 inlet has been rnzted with a vclurnstric flow czntroller; and Mcdel 
321-6 with 2 mass flow controller (MFC). As mentioned previously, this is not 
required cr necessarily recsrnnended, either inlet will perform as designed 
regardless of which flow cantroller is employed. The type of flow controller dces 
however, dieate the calibraticn method. Operating personnel should refer to 
the sacion dealing with their specific type: Secicn 4.3 presents procedures fcr 
VFC samplers and, Section 4.4 for MFC samplers. These two sections are 

completely independent; it is possible to r e m e  and bind (if necesstry) dnly 

those pages that deal with the type of sampler operated in the monitoring 
network. It is recommended however, that this entire seeion be reviewed and 
the two methods evaluated. In-house equipment, procedural simplicity, and 

subsequent data applications may warrant a new or retrofitted PMlO 
measurement system. 

To ensure an accurate calibration, ASIfGMW recommend a leak test be 
conducted after assembling the HVPM10 sampler and routinely thereafter. The 
leak test must be conducted after motor maintenance to determine the integrity 
of the seais. 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 -8 inlets are dependent upon the air velocity through the acceleration jets. 
A change in the entrance velocity will result in a change in the nominal particle 
size collected. For this resson, it is imperative that the flow rate through the inlet 
be maintained at a constant actuaj flow rate of 1 .I 3 actual rntlmin (&I 0%). 

Since this actual flow rate is so critical for particle fractionation, the 
operator must have an understanding of the flow rate designations used in 
PMlO monitoring. Confusion between various air rnonitoing units is the most 
frequent source of ermr in a particuiate monitoring network Table 4.1 presents 
a summary of PMlO flow rate designations: their primary use and conversion 
equations. 
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4.2 Pre-Calibration Leak Test 

4.2.1 VFC HVPMlO Samder.  This test shouid be c3nduc:ed after 

sampler assembly, after motor maintenance and at routine intervals throughcut 
the year. The following procedures should be followed: 

I .  Set up the calibration system as iilustrated in Figure 4.1. VFC 

HVPMIO szmplers are calibrated without a filter or filter cacridge in 

line. 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 facg 

place nuts on alternate comers first to prohibit leaks and to insure 
even tightening. The fittings should be hand tightened; too much 
compression can damage the sealing gasket. Make sure the orifice 
gasket is in place between the face plate adapter and orifice, tighten 
down the orifice to the face plate adapter making sure not to cross 
thread the lock-down ring. 

2. Cover or tape over the inlet of the orifice 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 orifica pressure tap and 
blowing into the tube. Valve are ciosed by turning the plastic elbows 

at the top of a monometer fully clockwise. If the valves are closad no 
movement of the fluid will take place. Replace the tube to the orifice 
pressure tap. Connect tubing to pressure tap on filter holder housing 
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 Ieak 
tests when a manometer is not connected to the tube. Production 
VFC units have a quicklconnecf valve located on the shelter which 
dates automatlcalIy when manometer is disconnected. 

3. Connect the motor blower power curd to a stable voltage saurce 
which has a power switch (e.g. the sampler's on-off timer (if so 
equipped), or another source of line voltage, 60 hz /I20 vac). 

4. Turn on power to the sampler. Gently wiggle the orifice and listen for 
a whistling sound that would indicate a leak in the system. A leak- 



Figure 4.1 VFC Spmpler Calibntion Equipment 



free system will also indiczte no upsczle resconse on the reczrder. 

Leaks are usuzlly caused by €Ither a missing casket at the juricicn o f  
the orifice end iazs pl.zte.c:zss threzcing the orifica to the iacs plate, 

or cross threading the VFC to the filter holder. 
5. If the VFC HVPMf 0 is leak free, turn off the sampler and ramove duct 

tape from the orifice. 

6. Inspect the manometer c3nnecing tubes :or crimps or c r~cks .  Open 
the valves on the manometers and gently blow through the tubing, 
wztch for the free flow of the manometer fluid. Adjust the manometer 

sliding scale so that the zoro line is at the bottom o f  the rneciscii. 
7. Proceed to one point flow verification of sampler, in Section 4.3, I .  

4.2.2 MFC HVPMYO Sambler. This test should be conducted after 
sampler assembly, after motor maintenance and at routine intervals throughout 
the year. The following procedures should be followed: 

1. Set up the calibration system as illustrated in Figure 4.2. MFC 
HVPMlO samplers are to be calibrated without a filter or filter 
cartridge in-line. When installing the orifice on the sampler filter 

support 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 czn damage the sezling 
gasket. Make sure the the orifice gasket is in plzce and the orifice is 
not cross threaded on the face plate. 

2. If possible, disconnect the motor from the flow controller and plug it 
directly into a stable voltage source (e.g. the samplets on-off timer, if 
so equipped, or other source of line voltage). 

3. 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. 

4. Install a clean recorder chart. 
5. Cover or tape. the inlet of the orifice calibration unit with one or more 

strips of duct tape. Check the manometer valves and verify that they 
are fully ciosed. Note: the valves are cfased by turning the plastic 

elbows at the tap of a manometer fuily clockwise. 



Figure 4.2 MFC Sampler Calibration Equipment 



6. Energize the sampler. Gently wiggle the orifice and listen for a 
whistling sound that would indicate a lezk in the systarn, A leak-32s 

system will zlso indicate no upscale responsa on the recgrder. Leaks 

are usuzlly causad by either a missing gasket zt the juneicn o f  the 

orifice and face plate, cross-threrding the orifice on the f2c2 p l ~ t a  or 

cross threading the motor on the filter holder. 
7. Turn off the sampler and remove the tape from the orifice. 
8. lnspect the manometer for crimps or cracks in the connecting tubing. 

Open the valves and blow gently through the tubing, watch for the f i s ~  
flow of  the fluid. Adjust the manometer sliding scale so thzt the zoro 
line is at the bottom of the menisci. 

9. If the HVPMtO sampler is leak free, proceed to calibrate the sampler 
according to procedures presented in Section 4.4. 

4.3 Basic Calibration Procedure tar the VFC HVPMf 0 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 

control in VFC HVPMlO sampler. During operation of the sampler the flow 

controller will maintain an actual flow rate of 1.13 rn3/rnin (*I 0%). This flaw rzte 
is a function of ambient conditions and the pressure differential across the filter. 
The approbed filter media is a qua& fiber filter GQMA. Clean filter media will 
have a pressure drop ranging from 15 ta .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,(multi-hole load plste 
unit or the van-flo@) the calibration procedure remains the same (Figure 4.3). 

The sampler iniet should be opened .completely to prevent flow interference 
with the calibration transfer orifice. Flexible tubing is used to connect the orifice 
pressure tap with a water manometer. The pressure tap on the fiiter housing is 
connected to a separate water manometer. Pressure drops and indicated flow 
recorder readings are measured and the results checked against a calibration 
curve far the top loading orifice and the lookup table for the VFC. The flows 
determined from the orifice and lookup tabie should be within 23%. If this is not 
the case the VFC should be checked for internal obstructions and leakage in 
the system. Flow rate calculations should be repeated. If the difference in flow 
rates is not eliminated, contact the manufacturer. 
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a Spara rscsrlzr charts, m~scel l~nsaus ii 2nd tools, calibration 
data s,'leErs, of s znp i~ r  Icg bcok. 

2. To veriiy the flcw during normal o p e r ~ t i n g  canditians, the filter 
pressure aiitarenfel must be matched using the ~ari-: lo3 restrictor or 
approprizte load plate. The approved filter media is a quanz fiber 
filter, GQMA. The pressure differential scross a c!e=n quarlz fiber filter 
varies fram 15 to 20 Inches-of-water. 

3. Remove the orifice and orifice transfer plate from filter holder. Place a 
dean filter and a filtar canridge on the filter halder. Tghten the filter 
holder nuts on rlternzte carriers to ensure even tightening. Hand 
tighten the nuts to prevent over-c~rnprasslon af the gasket. 

4. Connect tubing to the pressure tap on the filter screen holder. The tap 

is located 1.5 inches below ihe screen on the side of the holder. This 
pressure tap is accessible through the door of the sampler. 
Produc:ion VFC units have a quick-cannect located on the shelter 
which cfosas automatically when manometer is disccnnected. 
Connect tubing to one side of the manometer with 0-30 Inches-of- 
water range. The other side of  the manometer is left open to the 
atmosphere. 

5. Turn on the sampler blower and allow it to warm up to a stable 
operating temperature. Five minutes is usually sufficient . 

6. Read and record the following parameters an a VFC H V P M l O  Field 

Data sheet or in the log book of the sampler. 
a Ambient temperature, (Ta), O F  or OC. Convert to O K  

Ambient pressure , (Pa), mmHg 
Sampler Model, S/N, and VFC S/N 
Orifice S/N, and its Qa relationship (m,b,r) 

a Date, location and operator 

7. Read the pressure differential (PO across the filter and filter cartridge. 
Record this on the VFC Data Sheet or log book of the sampler. This is 
the operating pressure differentis1 that will be matched by the using 
the restrictor of thevan-lo@ orifice or the load plate. 

8. Turn off sampler and remove filter canridge and filter. Install the 
orifice and perform precalibration leak test (Section 4.2). 



9. Turn on sampler and, if necessary, allow to warm up to operating 

temperature. 
1 0. Simultte filter pressure differential (Pf) by adjusting knob on ~zr i - ! lo3 

orifice or by placing appropriate load plate between oriiice and face 
plate adapter. The zpproximate pressure drops across multi-hole load 
plztes at 1 .I3 rn3/min (40 cfm) is given in Table 4.2 

Choose a load plate which has a pressure drop approximately the 
= ~ e d  but not same, but not grester than the filter pressure to be simul-' 

Greater then the filter pressure drop. Fine tune the load plate by 

placing duct tape over holes one at a time until 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. 

11. Once the differential pressure has been matched, the sampler will be 

operating at approximately the same flow conditions as will toke place 
during sampling. Record the orifice and fiiter pressure differentials 

(AH20) and (Pf) , respectively. 
12. For the VFC, calculate pressure ratios and find the flow rate on the 

look-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, 
Number of Hole$ Inches-of-water 

22 
I8 
I 3  
10 

7 
orifice only 



13. If the orifice czfibratcr has not been furnished with a calibrztion curve 

in terms of Qa, usa tha calibrztion data providad with the orifice to 

generate a caIibration relationship in the farm of: 

where: Qa = orifice flow fate, actual rn3/rnin 
y =\ r((AH20xTdPa)) 
b = intercept of orifice calibration relationship 
m = slope of orifice calibration relationship 

See Section 6.3 for sample calcutations. 

14. Calculate Qa for the calibration paint as : 

where: AH20 = orifice pressure drop, Inches-of-water 
Ta = ambient temperature, "K 
Pa 3 ambient pressure, mmHg 
b = intercept of orifice calibrztiun refationship 
m = sfope of orifice calibration relationship 

15. If a discrepancy greater then 3% appears between the orifice 
calculated flow rate (Qa) and the look-up table flow rate, recheck 
calculations and procedures. Make sure serial numbers af hardware 
and calibration cuwes match. Recheck for leaks in the system. 
Inspect the VFC for debris or corrosion in throat. I f  necessary clean 
with a bottle brush and soap and water. Inspect motor blower 
operation. Check to be sure there are no leaks in the manometers. 
To make this check, disconnect tubes from the sampler or orifice. 
Connect a second tube to the manometer that is used far the filter 
pressure drop. Far each manometer blow air into one side of the 
rnanorrarzr in order to get a differential reading of approximately 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 rn2nomet~r. Wait approximately one 

minute and r e - r e d  the manometer. The reading should not have 
dropped by more the 0.3 inches. I f  it hzs, check the cannections and 
tubes to determine the source of the problem. If problem cannot be 

resolved contzct the manufacturer. 
16. Continue to recorder crfibration 

4.3.2 One Point Calibration of Dixon Recorder. The Dixon flow 

event recorder simply verifies that the sampler operated without failure during 
the 24 hour sampling period and maintained normal operational flow rate. 
Large deviations from the mean flow rate on the recorder would indicate that 

there has been a power failure, or a motor blower, or power problem. 

This caiibratian procedure is: 

1. Install a new recarder chart (Gt06)  into the Dixon event recorder 
which has been properly labeled on the back of the charl. Replace 
ink pen if needed. 

2. Ensure that the continuous flow recorder is properly connected to the 
pressure tap on lower side of the sampler motor housing. 

3. while sampler is running, determine the operating flow rate from the 
Look-up Table. Convert flow rate to actual cfrn. 

4. Adjust the reading on the Oixan recorder using the set screw. Gently 
tap the side of the recorder to make sure pen is not .hung-up on the 
chart. 

5. Lift the pen off the chart then rotate the chart by center slot using a 
cain or screw dnverin the center slot until the time is properly 
indicated on recorder . Be sure the pen is back down on the chart 
surface. 

4.4 Basic Calibration Procedure for the MFC HVPMIO Sampler 
The sampler calibration procedure presented 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 differential is referred to as the plenum pressure, where 
the plenum is the region within the motor housing (downstream of the motor 



unit) where the pressure level exceeds atmospheric pressure. 
The calibration oriiice used in this procedure may have been calibrated 

either in terms of "actualw or "standaram csnditions. Operating personnel must 
determine which calibration curre has been supplied. The HVPMl0 sarp ler  
must be calibrated in terms of actual conditians. Two types of orifice calibrators 
are available: one equipped with multi-hole laad plates (PN G25) to simulats 
various prassure drops, and the other with an adjustable flow restrictcr valve, or 
'~ari-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 

HVPMlO sampler. Flexible tubing is used to connect the orifice pressure tap 
with a water manometer. Pressure drops and indicated flow recordar 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 equation. Note: 
When using the multi-hole load plates to calibrate the continuous flow 
recorders, use load plates in increasing resistance in order (e.g. fa-, 13-, lo-,  

and 7-, and 5-hole). 
The U.S. €PA stipulates calibration frequencies for all samplers that are 

used to repan data into the national data base. Please refer to 'Quality 
Assurance Handbook of Air Pollution Systems, Volume If, Section 11.2", for 
basic requirements. ASUGMW recommends calibration at least twice a yea. 

For optimum accuracy and performance, the following calibration 
procedures are recummended: 

I. Assemble the calibratian equipment. 
O Calibrated (traceable to NBS) orifice device 
a Manometer with a range of 0 to 16 Inches-of-water and a 

minimum scale division of 0. t inch. 
Thermometer (with verified accuracy). All temperatures must be 
expressed in Kelvin for the calculations in this sedan. 
(OK = OC + 273). 

a Barometer (with verified accuracy). ' All pressures must be 
expressed in mmHg far use in the cafculations in this section, 
(mrnHg = 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 uncorrected to sea level. Pressures may however, 

need to be corrected for changes in elevation between the 

weather station and monitoring site. li tha diierencs in elev~tion 
is grezter than 1000 ft. 

O Spare recorder charts, miscellaneous hand tools, calibration 

data sheets; or sampler log book 
2. Install t h e  calibration system as pictured in Figure 4.2. Position the 

orifice faceplate on the sampler filter support screen 2nd tighten the 
four corner nuts. Do not use a filter or filter cartridge during 

calibration. If a leak test is required, refer to Section 4.2.2 
3. tns:all t h e  18-hole plate in t he  an'fice calibrator by loosening the orifics 

retaining ring (or open the  ad-fro@ valve fully). Make sure there is a 
gasket on the bottom of the restriction plate and on the bottom of the 
orifice device. 

4. Check that the flow event recorder is properly connected to the 
pressure tap on the lower side of the sampier motor housing and that 
it is properfy zeroed (pen rests on t he  inner most circle of the chart). 
Adjust the set-screw on the front of the recorder as necessary. 

5. Record the -site facation, sampler S/N, date, and the operatots initials 
on the back of a clean recorder chart. The same charl used for the 

leak test (if performed) can be employed in this step. 
6. Disconnect the mass flow controller. The motor is to be connected 

directly to a stable power saurce.110 VAC/GOHz. Energize the 
sampler and allow it to warm up to operating temperature. A period of 
five .minutes is usually sufficient. 

7. Read and record the foilawing parameters on an MFC HVPMlO 
calibration data sheet (Table 4 3) or in the sampler log book. 

* Ambient temperature, Fa), O K  

* Station barometric pressure (Pa). mmHg 
O Sampler SIN, model, and motor number 

Orifice S/N and Qa relationship 
Date and Location 

8. Read and record the manometer deflection (in Inches-af-water) and its 
wnesponding recorder response. 



S a m ~ i e r  Lacation: Date: I 

Ta(K) : PalmrnHa): 
Conditions: 

Ts (K) : Ps(mmMg): 

T;ble 4.3 MFC Calibration Dtta Sheet 

Sampler Model: Samol er SIN : Motor No:. 

r ,  

Orifice Czl. D?tn' Orifice Model: 

HVPW10 S A M P L E R  C A L l B R A T l O N  D A T A  SHEET 
MASS FLOW CONTROLLED UNlT 

Orifice Qa Cal. Relationship: rn= b* r= 

f 

Calibration Conducted by: 

br r= ma 
. . Set Point Flow Rate: Sampler Set Point: 

SFR = 1.13(Ps/Pa)(Tfls) 

Corrected 
Response 

IC 

Qa(orifice): - I lrn [ d ~ H 2 0 ( ~ a / ~ a ) j  - b] Sampler Seasonally Adjusted 

= r { J ~ ~ a / ~ a ) j  Calibration Relationship 
Samplets Qa Calibration Relationship: ms = bs= 
Qa(orifice), x-axis. 32, y-axis ms = rn / [ w s ) ]  JL- bs r b /l (Ts/Ps)] 

Sampler 
Response 

I 

Qa(orifice) 
flow nte 
mg/min 

4 

Total AH20 CaI. Paint 

1 

2 

3 

4 

5 

Plate No. 



9. Read the samplers responsa 1, from the chart of the event recorder, 
and enter on data sheet or Icg book. 

10. Repeat Step 3,8 and 9 for each of the remaining resistance plnb ass or 
~ar i - f lo@ sattings. When installing each plste, be sure the orifice 
plate is pmperly seated and that no cross threading has taken place. 

11. Turn off the sampler and remove the czlibration orifica and recarder 

chart. 
12. If the orifice calibtator has not been furnished with a calibration curve 

in terms of Qa, use the calibration data provided with the orifice to 

generate a calibration rslationship in the farm of: 

where: Qa = orifice flow rate, actual rng/rnin 
y 5 d(~H20xTWa)  
b 3 intercept of orifice calibration relationship 
m = slope of orifice calibration relationship 

See Seetian 6.3 for sample c ~ l a t i o n s .  

13. 'Verify that the currect event recorder response, I has been inscribed 
on the calibration data sheet and that the orifice calibration cuwe is 
current and traceable to a n  accaptzble piirnary standard. 

14. Calculate Qa for each calibration point as: . . 

where: Qa = Orifice flaw rate, actual m3/rnin 
AH20 = pressure drop across the orifica, Inches-of-water 
fa u ambient temperature, O K  

Pa = station barometric pressure, mmHg 
b = intercept of the orifica calibration relationship 
m 9 slope at the orifice calibration relationship 

15. Calculate and record the flow event recorder actual correction (IC) 
for each calibration point as: 



where: IC = actual correction 
I = recgrder response, arbitrary units 

16. On a sheet of graph paper, plot the sampler correcied recorder units, 

IC (y-axis) versus the corresponding calculated orifice flow rzies Qa 
(x-axis), to obtain a visuaI calibration curve and indicztion of the 

cafibration linearity. A five-point calibration should yield a regrassion 

equation with a correlation mefficient of  r > 0.990. Since the 
determination of a Qa flaw rate requires the addition of an zrnbient 
average temperature and pressure corredion. it is not recimmended 
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 linearity of the 
caii bration relationship. Using a programmable czlculato r, determine 
the best-fit straight line by the method of least squares. The equztion 
for this fit is: 

IC = m(Qa) + b 

17. The slope, m, and intercept, b, are then calculated to determine the 
sampiets actual flow rate (Qa) from : 

18. To avoid making daily temperature and pressure corrections to 
determine the sampler's operational flow rate, adjust the sarnplets 
dope and intercept to seasonal average conditions. 



where: ms = seasonally adjusted sampler calibraion slope . 

bs = seasonally adjusted sampler calibration intercept 
Ts = sszsonal zverzge tampertture, O K  

Ps = ssascnal rvertge n~tiion barnmetric pressure, mmHg 

The smmpler is now equipped with two calibration relztionships: 
zctual (Qa) and sszsonally adjusted zctual (SQa). TO calctllate the 
sampler's instantaneous flow rate for fiaw checks or audits, use the 
formula presented in step 17.. For routine operation however, 

determine the flaw rate as: 

SQa = (I - bs) / ms 

where: SQa = sampler's sezsonally adjusted flow rzte, rn3/min 

19. Calculate and recard on the calibration dzta sheet (or in the sampler 
log book) the set point flow rate (SFR). 

where: SFR = samplets saasonally adjusted set paint flow rate, 

mS/rnin. 

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] ( ~ f l a ) l Q }  

where: SSP = samplets seasonally adjusted set point, recorder 
response 

27. Re-cnnnect the motor to the mass flow controller. 
22. Install a cfean filter (within a filter cartridge) in the sampler. Tighten 

the four wing-nuts to ensure an even seal, do not over-tighten or the 
gasket may warp. 



22. Install a clean recorder chart in the flow recarder and verify that the 

recgrder is zeroed (the pen res:s c n  the innernos: circle of the 

chart).Gantly tap on side ai  sampler to seat ink pen. Fiotzte cnart with 

coin or screw driver until chart indicztes corrsct time. 

24. Energize the sampler and allow it t o  warm up to operating 
temperature. Adjust the flow rate potentiometer (pot) on the mass flow 
crsntrolfer until the recorder response indicates the sampler 

seasonally adjusted sst point (SSP)  as calculated in Step 20. Refer 
to Appendix B for the lac2tion of  the flow rate pot for a partic!u[ar 
model of flow controller. 

25. Verify ths t  the flaw controller will rnzintain this ffow rate for at least t 0 

minutes. Turn off the sampler. The sampler e n  now be prepared for 
the next sampler run day. 



This section presents informztian pertaining to the routine, basic 
operation ot an HVPM10 sampler. Also inciuded are references ta direct the 

operator to information on U.S. E?A site requirements, laboratory procadures, 
and routine quality csntrol/quality assurance activities. Since our customers sre 
nct exclusively governmental agencies, specific U.S. EPA-sanctioned 
guidelines are not presented here. 

5.1 Siting Requirements 
Complete siting criteria (far samplers collecting data to be directly o r  

ultimately reported to the U.S. EPA) can be found in 40 CFR 58. Minimum 

ASVGMW requirements are presented below: 
1. Sampler should be at least 20 meters (m) from trees, buildings or 

other large obstacies. A general placement rule is that the sampler 
should be located at least twice as far away from the obs:ac!e as the 
hieght of the obstacle.. 

2. Sampler inlet shouid be 2 to 7 m above the ground 
3. Sampler must have unrestricted air flow 
4. sampler inlet should be at least 2 m from any other high-volume 

sampler inlet. For collocated samplers, the inlets must be within 4 m 

of each other. 
5. Do not place the sampler directly upon the ground or gravel roof top. 

6. Do not place sampler near exhaust flues or vents. 
7, If samples are to be chemically analyzed (6.9. mass spec., A.A., etc.) 

evaluate the site for potential contamination. 

5.2 Sampler Installatfon Procedures 
1. Carefully transport the assembled inlet and sampler shelter to the 

monitoring site. The sampler must be either bolted or anchored to the 
site platform. Extended suppan feet (PN G2021) are available from 
the manufacturer and can be easily installed on the sampler to 
provide extra stabifty, 

Z Attach the sampler inlet according to Assembly Procedures presented 
in Section 3.1. 



3. Check all the power cards and pressure recorder tubing for crimps, 

cracks, etc.. 
4. Plug t h e  male power card into a grcunded line v a l t ~ g e  outlet of 

compatible AC voltage. Be sure that the electrical connectors are not 
exposed to inclement weather. 

An electrical surge suppressor and a ground fault intempter (GFI) are 
recammended to protect the system from transient vOft2ge spikesand 
for safety. For any sampler equipped with an MFC, an independent 
AC power circuit is suggested; alternating current v o l t ~ ~ e  (VAC) at 

the sampler cannot be below 90 VAC for t h e  115 VAC system; or 
below 200 volts 220 VAC system. If it is necessary to run extensian 
cards to provide power, a lower gauge (heavier conductor wire) is 
necessary, 

5. Perform a flow rate calibration, as described in Section 4. 

5.3 Sampling Operations 
The HVPMI 0 sampler is a user-friendly instrument capable of providing 

accurate, reproducible data when calibrated, operated and maintained 
praperly. if the calibration procedures presented in this manual are fallowed, the 
routine operation of the HVPMlO sampler can be highly simplified by: 

1. Efiminating daily temperature and pressure readings, 
2. Using identical calculations (for both MFC and VFC samplers) to 

determine the sarnplefs operational flow rate, and 
3. Not requiring any extraneous equipment (i.e. manometer, orifice, etc) 

to determine the operational flaw rate. 
As with the calibration procedures presented in Section 4, all operational 

procedures are in accordance and agreement with U.S. EPA protocol and the 
FRM. I f  the operator has any questrons regarding these procedures, please 
contact the factory. 
With reference to Figure 5.1, the steps taken prior to sampling in the field are: 

1. Collect the folowing monitoring equipment: 
a Filter Cartridge (PN G3000), required on all ASVGMW HVPM 70 

samplers 
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Quartz fiber Filter (PN GOMA), requirsd fur PM10 sampling 

a Clean Recorder Chart 
Sampler log bock cr field data sheet (Table 5.1 and 5.2 for VFZ 

and MFC) 
2. Fill out the top portion of the Field Data Sheet, Table 5.1 for VFC or 

Table 5.2 for MFC. 
3. On the back side of the flow event recorder chart, record the sampler 

S/N, sampler location and date of the sample period. 
4. Inspect the filter for any pinholes, tears, or irregularities. If found, 

reject and select another filter. Recard the selected filter identificaticn 
number (ID) on the back side af the recorder chart and on 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 an the cartridge support screen. Every filter 
has an "up" side on  which the particulate matter should be 
deposited. For GQMA filters, this is the rough side. It is 
recommended that the purchaser request the analysis 
I&oratory emboss the filter with a filter ID consistently on the 
bottom of the filter. This will allow access to the ID number 
when the sample is folded (post-sampling) and also provide 
the operator with a fool proof method for determining the "up" 
side. 

D. Repface the top cover and tighten the nuts. 
E. 1f the canridge is equipped with a protective, snap-on screen, 

a v e r  the cartridge. 
6. TranspoR the monitoring equipment to the sampler location. 
7. Raise the sampler inlet by releasing the six shelter pan draw-catches 

and gentfy tilting back the inlet until the shelter pan support s t a t  is 
locked in the .second position. 

8. lnspea the sampiefs filter screen and remove any deposits or foreign 
matter. 



Table 5.1 Example HVPMIO Field Cata Sheet 

VFC HVPMIO FIELD DATA SHEET 

kite Location: Sampre Date: 
bampler YN: Sampler Model: Motor No. 

1 VFC No. 

I Filter ID Number: Average operating pressue drop 'H20 

Seasonal operating ccnditions Ps. mmHg Ts, ' C 
Seasonal operating pressure rado Po/Ps 

POIPS =(I- PflPs) ,note Pf and Ps are in mmHg 
Seasonal operating flow rate from lookup table @Ts and PolPs. SQa r n 3 m i n  I Recorder pen setting. Actual flaw mnditionr. Qa cdm 

Filter Differential Start (Pi) 'H23 Filter Differential Stop (Pf) ' W ~ O  

Sample Start Time: 
Sarn~ler Timer Start 

Sample Stop Tme: 
Sampler Timer Stop 

Average Recorder Response: 
Average Filter Differential~Pfa] - W O  

Pressure Ratio PalPs Circle One: 
Pa/Ps=(l -Pfa/Ps) Qa berween 1.02 and 1.24 rn3/min? Yes No 
Look-up Flow SQa I m 3 m i  n - Sampler recalibrated? Yes No 

Pressure Ratio PolPa Qstd = m3lrnin : 
PalPa-(1 -PfalPa) Ostd - SQa ( P ~ P s t d )  (TstdlTs) 
Look-up Flow Q,, m3f  min Elapsed Time (min): ( t ) - 
Comments: 

Std. Vol. 
Std. Val. = Qstd (t) 

a 

Qo'md. Cdal*ro pdodcl l ty  a d  
t rm~uanr ro  md p u w o  &itions muing 

Ltnlp,* r n d  or. w u r c 0 ~ L  Operator: 



Table 5.2 Example HVPMt 0 field Data Sheet 

MFC HVPMIO FIELD DATA SHEET 

ite Location: F Sampte Date: 

P ampler SiN: Sampler Model: Motor Na, 

ID Number: 

ampler's ,Qa calibration relationship: m- b- r -  
a = i / m ( f m ) - b  
ampler's seasonal adj. calibratron reiationship: m- b- . rm 
Qa - (I-bs)/rns 

Average Recorder Response: . 

SQa = - rn3lml n 

Sample Start Time: 

Sample Stop Time: 

Elapsed Time (rninj: 

CIrde One: 
Qa between 1.02 and 1.24 N r n i n ?  Yes No 
Sampler recalibrated? Yes No 

Std. Vol. m3 

Std. Vol. - astd (1) 

Comments: Operator: 



9. Inspect the filter holder-sealing gasket located beneath th.e filter 
screen for compression or damage. Repiace, if necsssary, beicre the 

next sample pericd. 
10. Remove the filter cartridge top cover (if so equipped) and canter the 

cartridge an the the sampler's filter screen. Tighten the four swing 

bolts. The wing nuts should be tightened at diagonally opposite 
corners simultaneously to assure even compression of the gasket. 

11. Open the shelter door and the ftow event recarder. 1ns:alI the 

annotated recorder chart by raising the pen arm and placing the chart 
canter hole over the recarder slotted drive. Lawer 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 recarder. 
12. Make sure that the flow recorder 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 rotating the small set 
screw located on the bottom right of the recorder. 

13. .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 ftow rate. If 

the recorder indicates that the sampler is not operating within 

3 chart divisions of the correct set point, check the rec~rder 
connections. If problem persists, contact the manufacturer. 

8. If the sampler is equipped with an MFC, allow the sampler to 

operate for 3-5 minutes. If necessary, adjust the potentiometer 
on the MFC (refer to Appendix 6) until the correct sat paint is 
indicated. Note: If the MFC is operating correctly, there will be 

no "searching* of the motor. 
14. Turn off the sampler and close the recorder and shelter doors. Lower 

the sampler inlet and attach the six shelter pan draw-catches. 
15. Fallowing procedures presented in Appendix 0, set the master timer (if 

so equipped) to activate the sampler on the next scheduled run day. 
Reset the elapsed time indicator to 0000. 



The post sampling steps are illustrated in Figure 5.2. AS soon as possible 

after the mn day, the operator must: 

I .  Return ta the monitoring site. Release the six shelter pan. draw- 
catches and raise the sampler inlet. Reversing the installation prcce- 
dure (step lo) ,  remove the filter cartridge. Replace the snap-on caver. 

2. Open the shelter daor. Open the recorder door and remove t he  
recorder chart. Examine the chart. The trace should be stable without 

peaks of intermptions. tnvestigate any irregularities before cantin~ing. 
-spikes and peaks indicate power fluctuations 
-blank spats indicate power failures or that the pen failures 
-slow downward trend indicates MFC or mator bash  failure 
-wavering trace indicates MFC failure 

3. Observe conditions around the monitoring site and record any 
unusual activities that might affect the sample. 

4. Complete the Field Data Sheet. 
5. Calculate the sampler's operational flow rate: 

a) For the VFC: 
Calculate average filter pressure differential Pfa 

Pfa=(Pfi+Pff)/2 
Calculate Pressure Ratio PolPa 

Po/Pss(1 -Pfa/Ps) 
Look-up seasonally ajusted flow 

SQa, at Ts, Po/Ps 

where: Pfi = initial filter pressure differential 
Pff = final filter pressure differential 
Ps = seasonal average barometeric pressure 
Ts= seasonal average temperature 

Note; If unseasanal weather conditions occur, perform calculations with 
ambient pressure and temperature. 

b) For the MFC, use: 

SQa = (I -bs) / ms 
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where: SQa = samplets saasanally adjusted flow rate, m3/rnin 

I = cantinuous racarcfer respanse, arbitrary units 
bs 5: seasonally adjusted sampler calibration interc,ppt 
ms = seasonally adjusted sampler calibration slope 

6. Determine whether the operational flow rate is within design 
specification requirements of the HVPMIO sampler: 

% Difference = [(SQa-1 .I 3) / 1.1 31 (1 00) 

where: SQa = sampler's seasonally adjusted flow rate, m3/rnin 
1.1 3 = sampler's design flaw rate, m3/rnin 

Difference must be ~ 1 0 % .  If exceeded, recalibrate the sampler before 

the next sample period . 

7. Recard the sample pen'dd's elapsed time. If reporting to the U.S. EPA, 
the sample duration must be 1440 min. k60 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 period. 
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 deposit Fold length-wise, digning the deposit edges. Place 
the filter in a protective cover and transport it, the recorder chart and 
data sheet to the analysis fabaratofy. 

5.4 Labaratow Procedures 
Complete information regarding laboratory procedures and quality 

assurance functions can be found in the "Quality Assurance Handbook for Air 
Monitoring Systems, Volume ll", Section 11.4. 

The laborarory is responsible for providing tare (Wt) and gross (Wg) 
weights for each sample filter. The difference of these two weights, the net 



mass (Wn), is then used to calculate the concentration of PM10 collected an the 

filter, The calculaticns necessary to report data to the U.S. €PA are as follows: 

1. Correct all operational flow rates to standard reference conditions 

Qstd = SQa (PsfTs)(298n60) 

where: Qstd = flow rate at reference conditions, std. m31min 
SQa = flaw rate adjusted to seasonal conditions 
Ps = seasonal average station barometric pressure, mmHg 

Ts = seasonal averzge temperature, O K  

298 = standard reference temperature, OK 

760 = standard reference barometric pressure, mmHg 

2. Calculate the standard sample volume 

Vstd = Qstd ( t )  

where: Vstd = standard volume, std. m3 
t = sample duration, minutes 

3. Calculate the net weight of the sample fiiter 

where: Wn = net weight of the sample filter, g 

Wg = grass weight of the sample filter, g 
Wt = tare weight of the sample filter, g 

4. Caiculate the PM10 concentration of the sample filter 

PM10 = (Wn)(106) 1 Vstd 

where: PM10 = PM10 concentration. pg std. m3 
1 06 = conversion far grams to micrograms 



5.5 Quality Control/Qualfty Assurance Procedures 
The U.S. €PA stipulates that routine quality control and periodic quality 

a s s u r a n c e  procedures be conducted in each monitoring network. These 
sctivities are used to assess data quality, precisian 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 1 1.7. 



When an H V P M I O  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 (pg/std.m3). Far particulate sampling, standard or 
reference conditions are 298K and 760 mrn Hg. This section presents the 

calculations required to carnpute and report ambient PMIO concentrations as 
per the U.S. EPA's Quality Assurance Manual. 

As discussed in the Introduction, an HVPMlO sampler must be equipped 
with either a volumetric flow or mass flow controller. 

The U.S. EPA stipulates that mutine quality control data validation 
checks be conducted on all data collected in a PMtO 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 
Hzndboak for Air Moniton'ng Systems, Volume II", Section 11.5. 

The U.S €PA reference conditions of temperature and barometric 
pressure as reported in the Federal Register / Vol. 52, No. 126 / Wednesday, 
July 1, 1907 Appendix J are: 

Tstd = standard temperature, defined as 258 "K 
Pstd = standard barometric pressure, defined as 760 mm Hg 

This standard reference condition, converted to same commonly used 
units is shown in Table 6. t 

Table 6.7 Reference Conditions in Common Unitg 

m d a r d  Temnerature Standard Press- 
298 O K  760 mm Hg 
25 OC 101.3 kPA 
537 O R  29.92 in Hg 
77 "F 



Note: Existing calibration orifices, prior to the release of this manual, 
were supptied with calibration curves far stzndard flow rates. The VFC 2nd 
MFC HVPMIO sampler flaw rate is calculated at 2c:u.A caneitions so that the 

proper operating flow rate may be determined. 

6.1 VFC Look-up Table Use and Sample Calculations 

6.1-7 Use of  Look UD Table far Determinattan of Flow 

1. Determine and record the atmospheric properties: 
ambient temperature (Ta), O F  or "C 
ambient barometric pressure (Pa), rnrn Hg or In Hg 

2 Operate 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 one side 
of the manometer connected to the pressure tap on the filter housing 
and the other side open to the atmosphere. Filter must be in place 
during this measurement or pressure drop is being simulated by Iczd 
plates. 

4. Convert filter pressure drop readings to units consistent with thosa of 
barometric pressure using the canversions given in Table 6.2. 

Table 6.3 Pressure Conversion Factarg 

To ennvert from: To units of: Divide bv; 
In ti20 In Hg 13.61 
mm HZ0 mrn Hg 13.61 

mm H Z 0  In H20 25.4 
mrn Hg In Hg 25.4 
mm In 25.4 



5. Calculate pressure ratio. Pa/Pa. 

Note: Pf and Pa must have consistent units. 

6. Read flaw rate from look-up table that is supplied with each VFC unit. 

Table 1 (provided with the unit), is set up with temperature in O F  and 
the flow rate is read in units of adual cfm (acfrn). In Table 2 (provided 

with unit), the temperature is in O C  and the flow rate is read in 

rn31rnin (actual). 

7. Determine flaw rate in units of standard air, Qstd 

Pa Tstd 
Qstd = ~a(mX~a) 

In Enalish units 

537"R 
Q~~~ = ~(29.92P:n tig1460 t Ta) 

where the units of Pa and Ta are: 

[Pa] = inches Hg 

Fa]  = O F  

In Metric U n i b  

29a°K 
Q ~ ~ = Q ~ ( , ~ O  Prn H g b 7 3  + Ta) 

where the units of Pa and Ta are: 

[Pal = mrn Hg 
Fa] = "C 



6.1.2 VFC Example of  Flaw Rate Determinatfon 

1. Suppose the ambient conditions are: 

Temperature: Ta = 27.5 "C 
Barometric Pressure: Pa = 752 mrn Hg (this must be station 
pressure which is a corrected to sea level pressure but k~ 
corrected for density changes in Hg due to ternpermre) 

2. Assume system is allowed to warm up for stable operstion. 

3. Measure filter pressure differential, Pf. Assume that: - .  

Pf= 16.85 in W20 

4. Conven Pf to same units as barometric pressure.. 

5. Calculate Pressure Ratio. 

Po/Pa = 0.958 
6. Determine actual Flow rate from Laok up Table. 

a) on Table 2 (provided with VFC unit), locate the temperature 
and pressure ratio entries nearest the conditions of: 



Example: Lcok-up Tzble for Actu21 Fiow Rate in Units of rn3/nin 

b) by interpolation, the reading of the flow rate is: 

Qa = 1.1 37 rn3/rnin (actual) 

7. Determine flow rate in terms of standard air. 



6.2 MFC Flow Determination and Sample Calculations 

6.2.1 MFC Determination o f  Flow with Calibration Orifics 

1. Determine 2nd record the atmcspheric properties: 
" ambient temperature (Ta), OC or OF 
a ambient bsrometric pressure (Pt), mm Hg or  in Hg 

2. Opercte sampler 2nd allow to warm up. Perform leak test as per 
ins:ruc:ions in Section 4.2. 

3. Read the differential pressure drop acrcss the orifice (AHZO), Inches 
of water. Rezding is taken with a differential manometer with one 
side of the manometer connected to the pressure tap on the 
calibration orifice 2nd the other side open to the atmosphere. Oa not 
use a filter or filter cartridge when calibrating the sampler. 

4. Convee ambient temperature and barometric pressure to units 
consistent with thase required for the orifice calibration curve, which 
are "K and rnm Hg. 

Temperature Conversion Formulas 

Table 6.3 Pressure Conversion Factors 

TO convert from: To units of: Divide by: 

In H20 In Hg 13.61 
mrn H20 rnm Hg 13.61 
mm HZ0 In H20 25.4 
mrn Hg In Hg 25.4 
mm If1 25.4 



5. Read and record the orifice caiibrator's ctlibration relationship 
constants, m zr,d b. The c~libration relstionship is in the fcrm of: 

where: Qa = Orifice flow rzte, actuzl m3/rnin 
y = q(~H20xTa/Pa) 

b = intercept of the orifice calibration relationship 
m = slope of the orifice calibration relationship 
AH20= orifice differentia1 pressure, Inches-of-water 

Ta = ambient temperature in OK 
Pa = station barometric pressure in mm Hg 

6. Calculate Qa for the calibration paint as: 

7. Determine flaw rate in units of standard air, Qstd 

Pa Tstd 
= ~ a ( ~ s t d X ~ a )  

where the units of Pa and Ta are: 

[Pa] = inches Hg 
Fa] = O F  



In Metric Unik 

29aaK 
~~'~"(760 F m  H a 7 3  + Ta) 

where the units of Pa and Ta are: 

[Pa] = mrn Hg 
Val = aC 

5.2.2 Examole of Flaw Rate Determination 

1. Suppose the ambient conditions are: 

Temperature: Ta = 27.5 OC 
Barometric Pressure: Pa = 752 mm Hg (this pressure must be 
station pressure which is a carrected to sea level pressure but 
corrected for density changes in Hg due to temperature) 

2. Assume system is allowed to warm up for stable aperztian. 

3. Measure orifice pressure differential, AH20. Assume that: 

4. Convert ambient temperature and barometric pressure to units O K  and 
mrn fig. 

Temperature: Ta= 273 + 27.5 OC 
Ta = 300 O K  

Pressure: Pa= 752 mm Hg (no change) 



5. Assume the calibration re!tticnship ccns:znts zra: 

b = -0.01 851, intercspt of criiice ctlibrzticn re1ziicr;shio 
m = 0.961 62, stape of orifice calibration relationship 

6. Calculate calibration point as: 

7. Determine fbw rate in terms of standard &r. 

Qstd = 1 .I 37 rn3/rnin 

6.3 Oriflce Calibration Relationship and Sample Calculations 

6.3.1 Procedure for Determininu Calibration Relationsfria 

1. Obtain the following information from the orifice calibration sheet 
supplied with the unit and enter in the sampler log book or Table 
6.1: 

* Orifice calibration S/N 
* Roots meter SIN 
" Date of calibration 
" Date in Service 
" Ambient temperature during calibration (Ta)OK 



Table 6.1 Orifiw Cdibration Relationship Worksl'leet 

DATA TABULATION 

ell. I plat. NO. I volume 
solnt V D C  Inltlal 

Orifice S/N 

volume &Time 

I 
I 

Dab in '~ervice 

Pa (mmHg) 

Calibratian, 
perlormad by: 

CALCULATIONS AND CONVERSiONS 

1 

I 

L 

Va - &Volume ((Pa - AHg) l Pa mm - inches x 25.4 
M I mA3 x 35.3 t 

Qa - V a l A T m  Linear Reqresshn: 0% x-axis; ./ [mf la /Pa) l ,  Y-P*~S 

m- 
b- 
f- 

I I 
I 



* Station bztonetric pressura during czlibrzticn (Pz) r;;rn& 

a Operztcr 

2. Record the orifice aiiiefential presscra (AH20) and czrrespanding 

pressure differential at inlet of roots meter (AHg), nrn time ( t ) ,  and 

volume passed through system far each test condition (AV). 

3. Calculate the actual flow rate for each test cmdition 

Note: Pa and AHg must be in consistent units. 

4. The orifice calibration relationship is in the form 

where: Qa  = orifice flow rate, actual m3/rnin 
y = d(aH2CJxI a/Pa) 
b = intercept of orifice calibration relationship 
m = siope of orifice calibration relationship 

Calculate y for each test condition. 

5. Using a programmable calculator, determine the best-fit straight line 

by method of least squares. The equation to be fit is: 

Enter the date pairs of Qa and y for each test condition into the 
calculator. 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 correlation coefficient ( r )  must be 20.99 in orCer for t he  
calibrnion to be valid. I f  r c O.%, recheck calculttions. I f  necsssary, 

rapezt ccalibr~iicn prccsdurs. 

7. To determine the actual flow rate in m3/min from the orifice 
czlibration relation, use: 

6.3.2 Examole far Determination of Calibration Aelationshia 

1. Assume the following data are applicable to an orifice which is to be 
caji brated: 

Orifice S/N F-139 
Roots S/N 70641 32 
Date of calibration 5-9- 1988 

Date in service 6-1 -1 988 
f a  = 300.65 
Pa = 752.6 mm Hg 

Volume Roots Orifice 
Through Pressure Pressure 

Roots meter Tme Differential Differential 
Test (Av>, (t), ( A M ) ,  (AH20), 

Condition m3 min mm Hg Inches-of -water 



2. For tes; ccnditicn 1 : 

where: AHg = 104.1 mrn Hg 
AV = 2.562 m3 
(t) = 1 rnin 
Pa = 752.6 mrn Hg 

752.6 rnm Hg - 104.1 rnm Hq) 363 m3 
aa  = (( (752.6 m m  Hg) ) x ~ I  min ) 

3. Calculate y for test condition 1 : 

where: AH20 = 1 1.73 Inches-of-water 
Ta = 300.65 O K  

Pa = 752.6 mm Hg 

11 1.13 Inches.-of-water x 300.65 'K) 
Y =  (752.6 mrn Hg) 

tR 
inches-of-water x O K  

~ = 2 * 1 6 5 (  m m n g  



4. For dl the t t s t  conciticns there results: 

Qa, m3/rnin . / ~ H 2 0  x t a/Pa 
(Qa-value) (y-value) 

2.208 2.1 65 
1 .81 3 1.785 
1.624 1.591 

1.405 1.369 
1.1 77 1.146 

Performing a linear regression of  this data provides the slope, 
intercept and correlation coefficient far the orifice: namely, m, 

0.991 556,b =-0.02014, and r = 0.9999 

The correlation coefficient meets the criteria of: r > 0.99. 



A regular maintenance schedule will allcw a monitoring network to 
aperate for longer periods of time without system failure. Our customers may 
find that adjustments in routine maintenance frequencies are necessary due to 

the operational demands on their sampler(s). ASI/GMW recammend however, 

that these 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 

SSI, the sampler shelter and bath VFC and MFC motors (Models GBM2000V 

and GBM2000H. respectively). For information concerning the Model 321 -8 

inlets, please refer to Appendix E. 

7.1 Model 1200 Size-Selectfvs Inlet ( S S I )  
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. ASIfGMW recommends a thorough cleaning of the SSI after 
IS days of sampling; which, on a 6 day schedule would correspond to 3 

czlender months. If the TSP czn be estimated from his:orical data .to the site, It 
is recommended that the schedule shown in Table 7.1 be used. 

Table 7.1 Inlet Cleaning and Maintenance Schedule 

MAINTENANCE -. FREQUENCY 
AVERAGE ESTIMATED 

TSP AT SITE NUMBER OF INTERVAL, ASSUMING 
STD. palm3 SAMPLING D A Y S  6-DAY SAMPUNG S C H E D U L E  

6 months 
3 months 
2 months 
1 months 



Procedures far cleaning and maintaining the Model 1200 inlet (Figure 7.1 ) are 
2s f0110ws: 

1. inspect the four inlet hook-catches for proper tension. The sealing 
gasket should be slightly cmpressad when the inlet is closed. Adjust 
as necessary by the first loosening the lock-nut on the hook-cztch rod. 
To shorten the catc3 length, turn the rod c~ockwise; counter-clockwise 
to loosan. After adjustments are complete, re-tighten the lock-nut. 

2. Rernave the hood (reverse assembIy procedure presented in Section 
3.1) and clean the nine acceleration nozzles with a small bottle brush. 

Wipe 211 internal surizces with a damp cloth or Kimwipe. Replace the 

hood. 
3. 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 collection shim 
(Figure 7.2) will be visible. Inspect the  collection shim pattern. A 
normal greasad 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 (3120027) by rotating the shim clips 
90". 

5. Carefully litt 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 oil and piace on a workbench. 
(Acetone can be applied to completely dean the shim.) 

6. Inspect all gaskets for wear and compression. Replace as necessary. 
a Carefully remove the gasket by scraping with a srnal!, 

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. 

c Wait at least 24-hours before resuming sampling ta 
allow the adhesive to 'cure.' As with all chemicals, 
caution must be exercised if any organic anaiysis will 



'- HOOK-CATCH 

Figure 7.1 Sierra - Andersen/GMW Model 1200 HVPM10 Inlet 



Figure 7.2 Sierra - Andenen/GMW Model 1200 HVPMIO inlet 
Access to Collection Shim 



be conducted on future samples. Contact the 
manufzcturer or the znalysis laboratoq for additionzl - 

informzticn. 
7. Remove the first stage plate by carefully lifting it above the two male 

cantering pins located on each side of the plate. Inspect the TM-bead 
gasket far wear and replzce if necessary (see Step 6) before resuming 

sampling. 
8. Remove the bug screen located beneath the first stage plzte. All 

internal surfaces should be cleaned with a damp cloth and the bug 

screen inspected fat contamination. 
9. Reassemble the inlet by reversing steps 6-8. Cautiort: When 

replacing the first stage plate. ensure the male pins are aligned with 
the centering holes. The first stage pfate should seat completely on 
bead-sealing gasket, (PN 1 200-21 ). 

10. Re-grease the. collection shim. On a clean surface, spray the shim with 
a thick coating of Dow Silicone 3316 (this grease is available from 
ASIIGMW) . 00 NOT SUBSTITUTE ANY OTHER SUBSTANCE 
WITHOUT CONT ACTlNG THE MANUFACTURER. Particie bounce 
characteristics within the inlet may be affected by a change in viscosity. 
Shake the can, and hoiding it upright 8 tol0-in. away, apply a 
"generousn amount of the siiicone spray. Over-spraying will not affect 

the performance of the inlet, so when in doubt, apply more spray. 
1 I.  Allow 3-5 minutes for drying; the shim should be tacky (not slippery) 

and slightly cloudy when returned to the inlet. 
12. Replace the collection shim in the inlet (oiled-side up) and secure with 

the shim dips. 
13. Close the SSI. It is important to ensure that the male guide pin 

centers in the ciearance hole. 

7.2 High Volume Shelter 
The HVPM10 sampler shelter should be routinely inspected and 

maintained as follows: 
I.  Power cords should be checked for crimps, cracks or exposed 

junctions each sample day. Do not allow power cords or outlets to be 
immersed water: if necessary raise !he cords above the gmund by 



taping them to the shelter legs. Interlocking plugs can be purchzsed 
from the factory to preclude shock h a r ~ r d s .  

2. With reference to Figure 7.3, insgec? the filtsr screen,the filter holder 
gaskets (PN 3003 and 3005) 2nd the sealing gasket each sample 
period. Remove any deposits on the filter screen and replace gask~ts  

as necessary. 
3. The filter cartridge used to support the sample filter should be checkad 

each time a filter is installed. These gzskets may became warped or 
cracked due to over-tightening. Replace routinely. 

4. Ensure that the continuous recorder pen is still inking each time the 
sampler is prepared for a sample period. Inspect the tubing to the  
rnator for crimps and cracks. The recarder door should ssal 
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 alcohol. The use of a small camel hair brush is 
recommended. An electronic schematic of the MFC is presented in 
Appendix 8. 

7.3 VFC Motor (PN GBM 2000V) Maintenance Activities: 
HVPMI 0 mators are durable and have a long life i f  maintained orcoerlv. 

The only routine maintenance required is : 1) inspecting and replacing the 
motor's neoprene gaskets routinely and 2) replacing the motor's carbon 
bmshes evev 300 to 400 hours ot operation. The brushes have a higher rate of 
wear than the brushes used in an MFC rnator. It is imperative that the brushes 
be replaced before the bnrsh shunt touches the motor commutator. If this 
occurs, contact the manufacturer. 

The procedure for motor gasket and brush replacement is as follows: 

CAUTION: Ensure all electrical pawer to the HVPMIO sampler is 
disconnected prior to opening the motor housing. Unplug the rnator 
power cord fram the line voltage source. 

1. Open the shelter door. Disconnect the rubber hose that connects the 
motor housing pressure tap to the continuous recorder. 



Figure 7.3 Sierra - AndersedGMW Made1 3000 Filter Cartridge & 
Model FH2100 SS Filter Hotder 



2. While supporting the motor housing with one hand,  loosen the four (4) 

tic-20 x 5/8* hex-hezd screws that zttzz3 t h e  mctor :a the bcttom of 
the VFC. Inspect the VFC fiznge ~ ~ s ' l c e t  for weEr. Replaca if 
necessary. To facilitate acczss to the motor , the filter holder, VFC 
2nd motor can be removed from sample r  by lifting t h e  Psssrnbly 
through the top of the sampler base. 

3. Remove the motor and motor housing from the sampler. 
4. lnspect t h e  mounting plate gasket (PN G2001) and replace as 

necessary (at least twice each year). 
5. By looking dawn through the filter screen, inspect the VFC fcr any 

debris or large particles. Disassemble and clean as necessary. 
6. Release the power cord by turning the cap of the power card 

connector (PN G201 OH) counter-ciockwise. 
7. Carefully let the motor slide from the housing exposing the bmshes, 
8. Remove each brush holder clamp and release the expended brush. 
9. insert new brush and replace the clamps. 

10. Assemble motor after brush replacement by returning the motor to the 
housing. Do not pinch any motor wires beneath the motor mounting 
ring (PN G2006). 

t 1. Gently pull the power cod  back out of the mator housing and secure it 
' with the connector cap. 

12. Return the motor to its position beneath the VFC. Replace the  four (4) 

1/4-20 x 5/8" hex-head screws and tighten crass-corners 
simultaneously to ensure an even seal. 

14. For proper motor performance and maximum brush life expectancy,it 
is necessary to seat o r  'break-in' the brushes. Apply approximately 
50% voltage to the motor far at least thirty minutes. A brush miser 

(PN G900) can be used or simply connect two motors of similar 
fating in series. 

Caution: Direct app fiation of full voltage afier changing 
brush will cause arcing, CUmmutatOr piffing, and 
reduce overall fie. 

15. A leak test is recommended after brush changes, refer to Section 4.0. 



7.4 MFC Motor (PN G8M 2000H) Maintenance Activit ies: 
WVPMl 0 motors are durzble and have a iccg liie if m ~ i r l t z j n e r j  g r c c s ~ l v  -. 

I ne only routine maintenance required is : 1) inspecting and repizcing the 

motor's neoprene gaskets routinely and 2) replacing the motor's carban 
brushes every 400 to 500 hours of operation. It is imperative that the brushes 
be replaced before the brush shunt touches the motor commutztor. If this 

occurs, contact the manufacturer. 
The procedure for motor gasket and bash replacement is as follows: 

CAUTION: Ensure all electrical power to the HVPMIO ssmpler is 
disconnected prior to opening the motor housing. Unplug the motor 

power cord from the line voltage source. 

1. Open the shelter door and disconnect the rubber pressure hose that 

connects the motor to the continuous recorder. 
2. Using both hands, clasp the motor mounting ring and turn ccunter- 

cIockwise to loosen the ring. 
3. Remove the motor and motor housing from the sampler. 
4. inspect the motor housing gaskets and replaca as necessary (at least 

twice a year). 
5. Remove the mounting plate motor cover (PN G2002) by removing the 

four (4) 114 20 x 3/8" round-head botts. This will expose the motor. 
6. Relezse the power cord by turning the cap of the power cord 

connector (PN G207OH) counter-clockwise. 
7. Carefuily let the motor slide from the housing exposing brushes, 
8. Remove each brush holder clamp and reiease the expended brush. 
9. Insert a new brush and replace the clamps. 

10. Assemble motor after bmsh replacement by returning the motor to the 

housing. Do not to pinch any motor wires beneath the motor mounting 
ring (PN G2006). 

1 1. Replace the mounting plate motor cover and bolts. 
12. Gently pull the power cord back out of sampler housing and secure it 

with the connector cap. 
13. Return the motor to its mounting n'ng beneath the filter holder. It is a 

common error to cross thread the ring or to forget the gasket. Ensure 



there is a proper seal and 211 wires are free from rotating motor parts 
and the motor frame. 

14. For proper mator ptfornance and m~xirnurn brush liia expectancy, it 
is necesszy to sest or "brszk-inw the bmshes. Apply approximately 
50% voltage to the motor for at least thirty minutes. A bnrsh miser 

(PN G900) can be used or simply connect two mators of similar 
rating in series. 

Caution: Direct application af full voltage airer changing 
brush will czuse arcing, cmmutatur pitting, and 
reduce o verzll life. 

15. A fe& test is reccrnrnended after brush changes, refer to Section 4.0. 



GEFLACE?#lENT PARTS 
ASl lGklW H'IPUI 0 SAMPLERS 

Model t200 SSf 
(numbers refer to p ~ r t s  indicsred in GUT? 7.1) 

1 I Item 
Part Number 

1. Upper Tub Housing GI 2001 
2. Lower Tub Housins GI 2002 
3. First Stage Plate G1 2003 
4. Acceleration Nozzle G I  2004 
5. Acceleration Nozzle Plate SSI-109 
6. Shelter G1 2006 
7. Shelter Draw-Cztch GI 2007 
8. BP-sealing Gasket (1 6 x 16') GI 2008 
9. FH-sealing Gasket (8 x 10') GI 2009 
10. Vent Tube GI2005 
11. Brass Bolt Assembly G120011 
12. Shelter Hinge Bracket G1200t 2 
13. Shelter Shoulder Bolt GI200 1 3 
14. lnlet Base Pfate GI 2001 4 

15. Inlet Base Plate Hinge Bracket GI20015 
16. Inlet Base Plate Strike G1 2001 6 
17. Support Strut G120018 
18. Inlet Base Plate Shoulder Bolt GI 2001 9 
19. Bug Screen With Edging G1 20020 
20. TM-bead Gasket G1 20021 
21. lnfet Hook-Catch G1 20022 
22. Inlet Hook G I  20024 
23. Lower Tub Hinge G I  20025 
24. Upper Tub Hinge GI20026 
25. Collection Shim Plate G1 20027 
26. Collection Shim Clips GI 20028 
27. Alter Holder Suppon Frame GI 20029 
28. Collection Shim Kit GI 20030 
29. Nauie Plate Gasket SS 1-20 
30. Hood SSI-I06 
31. Nozzle Modification Kit (9.2qm) GI 20034 
32. Shim and Nozzle Modification Kit Gt 20035 
33. Dow Silicone 31 6 Grease 010546 or SE290G 



Madel G3000 Filter Cartridge 
I Item Part Number 1 

Filter Canridge Complete 
AIurninurn Cover 
Aluminum Filter Frame 
Rubber Filter Gasket 
Aluminum Frame with Stzinless Stsel Screen 
Rubber Frame Gasket 
Brass Thumb Nut (2 per sst) 

REPLACEMENT PARTS 
ASllGMW HVPMIO SAMPLERS 

Model GFH2700 Filter Steel Filter Holder 

I Item Part Number I 
Aluminum Filter Holder Complete 
Aluminum Hold Dawn Filter Ftame 
Rubber Filter Gasket 

Model GBM2000V Motor Assembly for VFC unlts 
1 Item Part Number I 

Motor Assembly Complete (does not include filter holder) GBM2000V 
Mounting Plate Gasket (3200 1 
Male Adapter (32002 

. Top Motor Gasket G2003 
11 0 van VFC Motor (Note: Different then MFC motor) GI 15923 
Carban Motor Brushes, motors purchased GBt 

after 1/78 (set of 2) 
Motor Armature with Bearings (5215276 
Motor Cushion Gasket (32005 
Motor Mounting Metal Ring G2006 
Motor Housing G2007H 
Power Cord Retainer (3201 OH 
Male Power Cord (2201 1 
Motor Pressure Tap G20f 5 
Pressure Recorder Tubing G2016 



Model CBR12000H Motor Assemblyfor MFC units 

[ I t e m  Fart Number I 
Motcr Assembly Complete (does not include filter holder) GaM2000H 
Mounting Plate Gasket G2001 
Male Adzpter (32002 
Top Motor Gssket (32003 
11 0 volt MFC Motor (Note: different than VFC motcr.) Gl15750 
Carbon Motor B ~ s h e s ,  moton purchased G81 

seer 1/78 (sat of 2)  
Carbon Motor Ems hes, motors purchased GB3 

before In8 (set of 2) - 
Motor Armature with Bearings (3215276 
Motor Cushion Gasket G2005 
Motor Mounting Metal Ring (32006 
Motor Housing G2007W 
Power Cord Retainer G20I OH 
Male Power Cord G2011 
Motor Pressure Tap G20t 5 
Pressure Recorder Tubing G2016 

REPLACEMENT PARTS 
ASllGMW HVPM10 SAMPLERS 

Wadel G I05  Continuous Recorder (Dicltson) 
I Item Part Number I 

Continuous Recorder (complete assembly) 
Circular Charts (Box of 100) 
Ink Pen Cartridge (Red) 
Recorder Chart Motor (I 15 volts. 60Hz) 
Door Gasket 
Tube Hose-Barb Fitting 
Back Gasket 
Pen Arm Lifter 
Cartridge Pen Arm 
Cartridge Pen Point 
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Henry S. Hillbrath, FLOW . ASLIE / Ins i rumen~ Sacierv or America Fiuids 

The Chockina Pressura Rztio Of P.. Citiczl F l o t ~ ~  Venturi. H. S. Hillbrsth, W. P. 
Dill, and W. A. Wzcker, Journal oi Engineering for Industry, November 1975. 
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uir 

7 s  Th sampler ahall have r flow 
eoaasrl dance u p r b i r  o f  maintalnmg the . 
umplu't o p e m u g  flow ra&e within he flow 
mte bib rmad for rh. mxnpla Wet over. 
a o m l  vmriatioaa in h a  dhgr tad f f l t a  . 

P-JW dm& 
7 . ~ 4  Tho -pie  a&U pmvida r 'mum 

lo mearum Ihr toid flow i t .  d d a g  th 
u a p b  Mad.  A arufhuMu ffow m d e r  - .  

u but not rtquirrd n o  now 
me8aammmt den- ahdl b. a c a m t a  to t 2  
prernt 
7.U A hmg/ameul d&er upab le  of 

r m m q  md r t h p p q  the u m p l a  shall k 
d b obtr ia a umph oU.ctiaa penad of 
24 21 hr (LM t a o  win). Am . L p d  b e  
maw. aawmte lo within =IS a u u a  hall 
b. wd b m a s u m  u m o h  ctnu. r tr ia mator 
L opdouni for w p l m  k&coatinuour Llow 
m o r d e n  it the a a m u h  b e  menrurtmont 
obuinrd by meuu of t h i  meeu the 
2 1 5  minute accuracy rpcc i f i u t ioa  

7.1.8 The sampler shall have m 
usociarad opmt lon or i iumtct ion manual a3 
raqukcd by Part 51 of rhir chapter which 
U u d u  detailed hcnmtonr ao L a  
a l i b n r i o a  o p m i i o n  and maintrsuntt of 
the urnpier. 

72 Fiitea 
7Lt  F h r  Medium No crrmmemaily 

acnilabie filter medium u ideal in al l  Rrprcts 
for a l l  nmplen. Th+ d a  l o a h  ia slmpling 
determine rhe rrladva impananm of vanow 
I i l tuchuaaar i r r ic r  ( r g ,  coat 8.w o f  
h.ndlfnt phyaiul  d chemicai 
c & r m m a t i u  e=) .ad Prnraqumtly. 
d r ~ e U ~ c h o i a a m o q . c e r p u b l .  . . 
R l k ~  Funhamom uruh types of i l l t en  
w y  not b. ruitabl. for we with lama 
urnplan. paniePlrdy undar henvy l o e d h  
-fJditfolu ( b i b  mur c o n c m u a ~ l .  
b.auro  of high or rapid M r e e  in the filler 
now m i r t a n u  that w d d  ..and h a  
apabi l l ty  d umpln 'a  Por catmi 
d.* io .~nr . . .mdar .p l l ipp.dwi th  
mama* lilt -m =I 

use of &=d 8 l h  t b  
rprcifiutionm given below .rr -urn 
rrquirmmnu lo mum accepubility of the 
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fd t r i  medium for measurement o f  ?Sf,* marr 
concmtrationr Other filter evrluation 
mtcr ia  should be eonsidemd to meet 
individual sampling and u t r l y r i r  abjectivea. 
--.I ,, CJ~!~C::U~I ~YC:C.?C:J. >99 p c r ~ ~ ? l t .  

as measured by Lr DOP test (Am[- -1  
w t h  0.3 pm panlcfer a t  the s~rn?ier's 
operatin? f z c  veiocity. 

Inle~ety. = S  ra/ma [asaumrng 
lampleis nomrnal tChour a i r  sample 
volume]. Lntegnty is r n c r r w d  a8 the PMI. 
cracrnpation equivalent cornspanding to 
h a  average differcnca betwem the initial 
and the Ead weighfa of a rmdom rampla o f  
teat f i l ten La; r ra  weiqhed and hanQed 
under actual or r u n u l r ~ d  r a m p i i g  
condlrionr. but have oo air aample passed 
rhrougb them (Lr,&ter blmkr). AJ r 
minimum thr last procrdw m w t  include 
h i t ia l  qul ibmcioa md worghing, inruUation 
oa m inopcrstivr sampler. removal horn the 
u m p l a  M& h a 1  cqurlibnoon m d  
wai* 

724  . ALLoIinity. <Z¶ micoequiva lents/ 
prrm of  filter. 4s m e r r w d  by thr pmcedurr! 
given in Reference If fallowin# a1 l e r r t  two 
moarba r m g a  h a dean mmmmt ( h e  
from c o n ~ t i o a  by l u d i c  tares) at mom 
tcmwntun r J h&dItv. 

for rh. r r m p l d r  oplirmg flow n t 8  md 
mtut ba al ibncrd rgasat a p r i m a y  flow or  
volume r t d u d  thrt  ir mcaabla to the 
N a t l o d  B lp r ru  Of S l l O d h  WI. 3%. 
[I& nm m f . C  rlradud m u t  ba u p a b l e  
of mam- the suuplafr 0pemda.g Uow , 

r8U wiL m acenrry  of t2 PtrctnL 
7.4 filru Coaditioninp GrimmenL 

'73 d y u d  B ~ M -  n o  d y a d  
b.knol mut be nritabla for 'wighing $e 
t y p r ~ r L . o t f u t m ~ b y b  
88mpler. t. mnge d ranrirlvity mquimd 
4 d e p d  oa the lilt- fur waightr rad 
uurr l o rdh#~.  Typically. m m a l y t f d  
balancr with r sensitir~ty o f  0.1 mg is 
m q 4  for hrgh volume trrnplen (flaw rates 
>(U mJlppia]. Lower volume r r m p l m  (flow 
rater <QJ mJlmial will n q u i n  a mom 
d t i v e  b 
a0 ColibmcioIL 
61 knnol RquimmnU 

Wbnrion  of L o  sam~ier 'r  Uow 
mrarun lwn l  d.riu u rrquind to establish 
h u a b i i i t y  of aubupuent flow 
mearure&a to r p&mry ataadud. A f law 
mu mrulef r m d u d  aiibnud ruliart a 
p ~ ~ o r d ~ r t . n & r d r & U b e  
wed todihmioorvedy rbe.cnmcyaf tho 
- Ida P o r m u m m m m t  d d c r  
6u ~ r t . ~ r i o o b y  

~ u p u l l c i o o n q o L n l J l A t r p . c l n c a i r  
wlocitln b. ll.iatrirud h rmp le r ' r  air  
Lalrt r y r m ~ T h d m  rh. Uow n m  rhro* 
Ihr mmda'r lalrr molt ba miiluiil.d 
uYm@&th8884mpilryp.riOdwlwtrlnIhe 
d . r i a W n m n o t r I p . a l i d b y r h o  
mw&aumsDedp h w  IIU. are a@Cied 
r r . c n u l d d l i o w m m - d a t  
~ o a d i i h s a f t e m p m ~ . n d  
p n u l a  (43- la eoumet mar4 
m i m t i ~ i l l  of PMr. a n  computed u r i q  

17 / Rules and Xegulations 2 4 5 5 :  
- - - .  - 

flow n t e r  comc:ed to EP.4 rr f tmcc 
condltiona of Iemperarw and prnsum I - _ :  

bf .rloru Kc@ CaIibmtion Pmccd, 
1321 . W,. ramplen employ vrnou. , 

a t  flow conmi and flow rnrrsurrment 
denctr. The spectfic proccdurs used for flow 
rate cnlibrauon or venficailon wtll vary 
depending on type of flow conmiIer ant. 
flow indicator employed Cllibrar~on rn t t -  
of a c ~ r l  volumctrtc flaw mica (Q.1 is 
genelrlly recommended. but other mear-3 
of now mte (e.3, Q.J may be used pmwded 
Lhr mqummenta of secrion 0.1 are met The 
g e a m l  p roadru t  gven hem Ir bawd on 
actual v o l u m e ~ c  flow w t r  (a] and l e w n  
to illuaP.te the rtepr involved in the 
enlihmhon o i  a PWIb rampier. Conrdt Ihe 
urnpier rnanlriacnrreis msuucnon manual 
m d  R e b r e n u  2 lor aprdfic pidance on 
u l i h o o ~  Rciercncc 14 pmnder additionai 
Mommoon on the uae o l  the commoniy u c r  
measurea o i  flow tate ~ n d  rheu 
tr iemlauonsiupr 
' a-t=. Cllibrnte the now rate at lu fer  

atandud against r primary [law or volume 
a u a d u d  m w a b f e  to NBS t t rb l i sh  r 
ulfbrrtfon rshttotanrhip (y, 4o equirion or . 
f d y  o f  eue~eg) such that m a a b i l i t y  to the  
pl%muy 1rmd.d f8 rravru u w i t h  2 
p u u r r t  over chr -tad mnge o f  ambient 
cuudittonr 651 tempemtllru md prrsrurrsl 
undrr which the W e r  s t d u d  will be 
W& R a d i b r r r r  tho mmfurtradud 
prtiodfcally. : . . 
ua3 FoUo*rtu'-irr 

m M l f a m r a f s  inimctloa &urLmmove 
: thenmpiat iplrt d amwt the Uow iam 
h w f u ~ r u n d u d  to Lha . . m p l u  a d  ck - 
~ ~ ~ c . n d u d w ; ~ n ~ y ~ 8 u r c l  . 
&&a Pow rur Mrt. m there M -- 
hrb be- he -stamdud md the 
-mPk* . . a r c  ~ o s e a & o t ~ f l o w  
mar (rcnul m~lminl. apead m the 
-tab& Oow nu mqm a p s d e d  far h e  
Inl.l Im 7.ul that un b. obtained bv 
raitablr rdiurkmt o l  tho sampler f l ak  m t r  
In accordance with tito uarpler 
maaufactumr's hmu!ioo manual. obtain a 

tnnrfar standud m d  ttu umplrr's flow 
indiestor mpolue. R d  L e  d r a t  
taup.nnul,ladbmla&iCptnrurr 
T 8 m ~ n u t m d p n c u r a ~ t o  
nrbaqueat dew i n d t r t a r n r d i n p  may be 
nqrdtrdfarur~int)rplofbw 
m u u m a e ~ t  d&on W h  I U C ~  -0: 
arm a r a r s u y .  comdao aa ra individwl o 
M y  buis in p r e f u m k  Hmwvu. seasooa 
avemge tempolmn md avem- bammernc 
~ f o r t h . a m p h g d k 0 u y b .  
-fated hta tb umpkrc r I iba t ioo  to 
a W  daily comctloor Wl the sampler 
mmdutucu'r L a r i m d b d a n d  
R8f8mm 0 lor 8ddiUmd @dmcs 
LU FoUowiarafibn~wrifyttr~t C- 
& f8 O P ~ &  d ltr ddgU flow W c  
bcttt.l ma/mbrt with r dean lUtulu place. 



. 2 w .  Federal Register / Val. 

gcneml proccdvre g i w n  hem r-s h t  
rhc m p i u ' r  now mtr d i b r a m  LI hucd 
on now mtm a amheni cundltionr (43 and 
rmu to illruuate Ib. rupr utvalved m rbc 
ooerstloa d a PW, -pier. 
9 2  lypec:  erci S*: 8t p h i - .  

p a n i e l e ~  arld other rmpericclapl. Estaobh r 
filtcr Lniocmaooa recard aad -st--, an 
~dcntlClcalron number ro e a c i  Ydtr:. 
9.3 Equiibrate c a d  iil!er in b e  

cacd i l ioug  cnvlmnnurt (lee 7.41 [or at less1 
24 hocul. 

9.4 Fobwing  eqmfibntion. wei* e a c j  
filter and record h e  prerampting wetght wlth 
rhr AIrcr idcnriTmtian uumb4r. 

OJ b t a U  r p w a g h c d  filter h the 
sampler fonomhg die a v i d c d  
in h e  smmpta rn rnu iamnf~  iruu;norut 
mumat, 

9.1 Tum on b e  rampier md allow It ta 
e~mblish run-tempem- eaditim. R d  
the !b h c i k t v r  m b  a d  Lf :eedd !fxe 
rmbicnt tempennvt md ba-c 
pmaurr. Dettmrina the sampler C=u rate 
[armal ma I mml in rmrdsnn with tke 
h a m a w  pmrrdcd in he mrnpie 
manufaararr't msoacdaa manual. N U E -  
No oerite tcmperrmm orprmra 
meesemmts am ncvraary if the rampkfls 
flaw hdiacor does  not quire trmpcnm 
or pmsum wrrccrionr or if acasonei r v m q e  
temparrm md rveraqe banxneak p f e m  
for the rainpliw rite i m  -led into h e  
rrmpler a l ihcion /see step 8 2 4 1 .  u 
individual or daily tcmpmtim md p m  
corrsciiona am nquurd ambient 
tempartum and  bade ~ m i m  a n  br 
o b ~ i n r d  by ~ M I ~ R  mrrnrrrmmrl or fmm r  
nearby uuthcr aucloa 8amm~mc p m s ~  
rrrdimy 0bt.a- h r n  aupurtr mwt  be 

P i .  llQ( amid 10 m l  k L  
and MY n e d  to b. for M C ~ ~ C L I  
kr &vation betwela the rmpting site tad 
he 

W L[ eh flor mta la outride th 
raxpubL mqe r p d e d  by tba 
mrnulaaumr. check fur L u k  r d  if 
an-. adjwt c)u O a r  ntr ta the 
speafied retpornt Stop the mmpk. 

9s Sat the mer to start and atop the 
ramplat at a p p r o a t e  am= Set (h. r iapad  
ti- m a t u  to t~ or m r d  tht irudd meter 
mading. 

9 9  Rnord thc a-h b t i a n  (rib 
loution = idmdatjoa mmk. -pl. 
date. fill- kkaufiadaa number. md 
sampler model and s a d  nunrberf. 

9-10 Saiapir for 24=1 hmm. 
o.11 D.temuo+ a d  m r d  tk avenge 

flow m e  (Q.1 in a& malt& for b e  
umplinl pnod in eaotdlocl? riih rh* 
kummmm pmvided In rh. -pi= 
manufrchnr'n iruuruian m m u L  R a d  
rhedapaadt imauutwbdrud iagd i l  
needed, rb. m r - p  ambiat temmntrm uld 
brmmeuic m u m  foe the maptint M o d  
[see not8 tdawinfi # u p  0Aj. 
U Z  Carefully w o r r  h e  l i l t a  Imm dw 

urnpier. falfowim the rampla 
d c t p m c t p m a  inatruetion m a d  Toud 
oaly the our- adgu of Ih. Tdtv. 
9.n PIau t h m  mter ia a protactire h o l d  

~ c a o ~ ( e g p e m d i s h g b u a a  
m*.lopc ar d lPlduL 

9.24 W ~ y L c t o r r r v c h r r  
mrtmdqlrul  eaadillonr, cam-* 
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rcrivity. or dual r t o r s r  e t r  &at might 
be penin- ~rr Ih. -auummt on the filter 
krformruoa rscod 

T w p a  rk. r x p o r d  -pi. Utar 
to Ih. filler d w a u q  n v u o m c a c  ar loon 
8s poulole fur eq&nOOn and ruo+eguent 
wllqhmg. 

9.11 Equtlibraie 'ha u ~ a s d  z:er in the 
condill- envirunmult a1 k1Sl:4 
haun under &r m e  kmpcrrlrrra ~d 

'. buhdity coadtiana usad for 3rurmptirg 
Nler qurtihm- (M a). 

927 W L J y  d m  C44ilibmLiau 
rtw~igtt rh. r i m  d h 
ports-ling wet& with h a  Gltw 
i d e u a f i ~ l t a  d. 

1aA s a m p l u  Afanr-. 
la1 P?& w o h r  sbrli be 

maintained In B- with the 
pmadura rp& h Be 

1 ~ ~ ~ ~ 1 ~ 0 0 r n L P l l P L  
11n Gkuku- 
11.1 C l l d a t e  the average flow mla aver 

theumpbg@dc~rru?rdb=A 
~fumce d d o z r r  rr C L  When h a  
a ~ l t r ' r  flow iPdicalar u 4ibmrrd in 
r c d  voLum&c &tr (QJ Qrc ir U & d  
11: 

~ = Q . x l ~ , T r c l T r d ' I J  
where 
Q,,,,r-ge flow n t e  at =A nferrncc , 

acldtlanr. 81d d l &  
g- . rmga  ffm rare at ambient cmdibns. 

ma/* 
p,ra- bammetrie p n r m  the 

wmpw p& or m a e  bemmemc 
. . - .P.M for tbe rampkg rite. 19* (or - h): 
7,-avmp u u k u t  trmparrmc drrrky the 

m p k x g  m o d  n m o n n l  a m g s  
~ b i e o t  tempem- for the r a m p b  
rib. K: 

TMrrc.ndrtd h ! m p a s m .  de&d rr 290 %: 
p,-aundad prstmrs, d W  rr 1ol3 kPl 

(at 7ao mm Hal. 
lit Caierrtate the total v o h  a[& 

ramplid er: 
Vd-QYx I 
where 
vd-tod air rrrnplrd inl;ui&rd voium+ 

dts. atd tna: 
trumphag & 

ILJ Calculate the PM- ~ ~ l l o u  at: 
m,.-(w, w,1x1041v, 
w h m  
p% - amas coacmm tioa of PMB* gg/mtd 

m t  
W, W,alkrd a d  initid r*ci$ha d filter 
dl* PMm p u d b  

10.-awamiao ol g lo Jq. 
H a d a m n  rb.n one size W o a  in be 

PA,&. rrrg ir dWrd by the rampic?. 
' r h . r r r m o f ~ W t r d g h ! ~ b y . K h  
W U ~ O O  I11- ( r (WrW11j  wed to 
u w u  the P.M. mu conuamnon 
120 Refen- 
L Quality Assanncd Handbaok far 
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Pmtedoa Agency. a Walt St 
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7 / Rule3 and Regulations 

Z Qrvlity A ~ a r ~ ~ a c x  Handbook for 
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ELECTRONIC MASS FLOW CONTROLLER 
(MFC) 

7 0 Oescrrotinn 
An electronic MFC adjust the sarnpfer's motor speed and thus meintains 

a constant mass flow rate regardless of fluctuating ambient conditicns 
(tempertture and barometric pressure) and filter loadings. All ASI/GMW MFi 
models tre designed to control HVPMIO motors with power ratings up to ~ 4 h p  

(ASVGMW motors are rated at 0.6hp) and are available at both 50 and 60H;. 

1 15 VAC. All models have an adjustable flaw range of 0.4 std. m3/min to 7 .i sid. 
m3/min with an accuracy of S.03 std. m3/rnin when operated in the 
temperature range of O°C to 4S°C. 

An ASUGMW MFC utilizes a set-screw potentiometer (pot) to adjust the 
sarnplec's flow rate. The pot is located (dependent upon the modal) either: 1) 

on the front panel of the MFC, 2) on the printed circuit card (before 1982) behind 
the front panel or 3) on the front door of the MFC (USEPA units). This pot is 
adjusted after the samplets calibration (refer to Section 4.0 of the Operaor's 
Manual) to set the sampler at its seasonally adjusted set point flow rate (SFR). 

Elapsed time indicators (ETI) are included with all ASVGMW MFC 
systems. . ETls are mechanical devices that are activated only when the 
sampler is energized. 80th resettable and ncn-resettable ETI are availzble: 
the purchaser should evaluate the options available and chose the model most 
useful in their monitoring network The ETI's mechanical digital totalizer is read 
in either units of XXXX,X hours or XXXX.X minutes. 

ASUGMW otfer a variety of MFC systems to our custcrners. The foNcwing 
is a brief description of the MFCs and combination MFCltirnen provided with 

AWGMW HVPMIO samplers (figure 8-1). 
1. Model SA350G310 

This electmnic MFC is sold as a single unit and is encased in a 
steel all-weather enclosure. In HVPMl O samplers, GMW-IP-80 1 

AND GMW-IP-10-8000, it is eleamnically wired to activate when 
the master tfrner energizes the motor. 

2- Model SA353G3 t 2 



- - Model 310, 350 

- Modci 312, 352 

ELccrronic Flow Controllers 



This is an MFC that has been mated with a Model 302 electronic 
digital timer/programmer. Tnese two units are packaged in a 
single steel ail-weather enc!osure 2nd ere supplied in HVPblf 0 

systems SAUV-10-H and GLIW-IP-10. 
3. Mode t SA3531G313 

This is an MFC that has been mated with a with Model 70 
mechanical 7-day master timer. These two units are packzged 
together in the enclosure that housas the Model 70 timer. A Model 
76 master timer may be substituted for the Model 70 master timer 

at the usets option. The Model SA353 and G313 are supplied in 

HVPMf 0 systems SAUV-t 1 H and GMW-IP-10-70. 

Note: All MFC systems must have a minimum of 9OVAC 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 fof power supplies is strongly discoursged. 

20 Theow of Oweratian 
The electronic MFC is designed to control the sampler's mass flow rate 

over the range of 0.4 to 1.7 std. rn3lrnin. Since mass flow rates are alwzys 
expressed' in terms of standard conditions. and ao HVPMlO sampler must be 
operated in terms of actual conditions, ASVGMW calibration procedures use the. 

MFC as a device to set the sampler's operational flaw rate to a "centered" (in 
respect to the required design flow rate) seasonally adjusted flow rate. For 
further information, please refer to Section 4.0, "Cafibration 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 CUfredfy, is therefore dependent upon line voltage end to 
a lesser extent, the motor's pcwer rating, A separate power circuit for each 
MFC sampler is recommended and a minimum af SOVAC 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 31 the sampler's filter holder. 
(Note: At one tfme, ASVGMW also manufactured a long-~mbe model MFC that 
was compatible with HVPMlo samplers equipped with plastic filter holders. 



These long pmbe MFC and plastic filter holders are no longer in prcCuction, 
pleass contact the factory for additional information.) 

The ternperzture differential probe consists of a gas temperEtlrr2 sanscr 
end constant tempertture hot-wire anemometer. Grs pusing the tenpertture 
sensor (the open area on the probe) has a caoling effect that is propoflion21 to 
the pressure, temperature, and velocity of the gas. The anefnameter, 2 heated, 
metal covered tungsten wire, pravides a reference temperature. The ratio of 
temperature change between the temperature sensor and the anemometer 
determines the voltage input into the samplets motor. 

The probe and related electronic circuitry produce an output s ign~l  that is 
proportional to the mass of the gas flowing past the probe. The feedback 
control circuit mntains the electronics necessav to vary the input volt2ge to the 

motor so as to maintain a constant, mass flow rate. 



SIECZFICXTf ONS 

Flow Range : 

Accuracj : 

Sensor: 

HoCor Type: 

- 
f nstallacian : 

Dimensions : 

Parer: 

Shpg. We: 

Bectcr  chan 2 1 S C ~  over 
0 -20'~ r o  53 C tgsperacure 

range. 

Rusged secal-covered type 

w i  ch tanperacure cornpensacion. 

Compatible with  series vound 

or. universal or split-capacitor 

Eleccronfcs enelasure mounted 

on Hi-Vof shelter, sensor 

inserted i n t o  17/61" dia. 

hale fn f i l t er  holder. 

All solid-state e lectronics  

fn a weatherproof enclosure. 

Electronics: 6.25" x 9.0" x 3.75" 

ULD; Hecal-covered sensor: 0.25" 

115 VAC, 50/60 Hz, 10 amp. max. 

(2001230 VAC available) . 

bets all EFA S p e c i f i c i c i o n s :  

Federal Register. Pol 67 ,  No. 

December 6 ,  1982 



The Madel 310 requires licrle maintenance i n  most cases 

If the p r o b e  sensor gets caacanfnaced by dust acctnnulacion (e.g. if the 

8" x 10" f i l t e r  breaks and. allous -dus c t o  be pulled across rhe sensor) , 
F t  should b e  cleaned by brushing vich a solvenc such as acecone a t  methanol. 

hdersen recormnends keeping the p r o b e  sheathed in its protective c o v e r  i f  

FS is removed f r o m  the chroac or' the Hi-Val. 

If the p r o b e  or  electronics enclosure are damaged, call che 

factory: 

ANDEBSEN S M ' t I t S ,  IXC. 

4215-C UMDEZL D R I V E  

ATLANTA, CEORCU 3033 6 



5 ynocom 
1. Is 310 r u n n i n g  t o o  h i g h  o r  L a w ?  

a )  Is :he ? r a b e  ; :aper ly  L i n e d  u s ?  

b )  A r e  t h e  p a p e r  and ? r o t e  c l e a n ?  

c) Is c b e t e  a l2ak up s c r = a s ?  ( t o o  low)  it none then t h e - u n i t  

p r o b a l l p  n e e d s  r e c a l i b r a t i o n .  

Svrnocbm - L- 

2 .  Does it o s c i l ~ b t e ?  

Corrac=ion 

a) xakr  sure f i l t e r  g a p e r  is i n  glace! ( T f  t h e r e  i s  no f i l t e r  _=ase= 

the systea oscillates because the t i l e  constant o f  e l e c t z s a i c s  

is slaver than t h e  cGange in mass f l o w  rate) 

S v m u t o r n  

3 -  C a n ' t  g e t  fulL mass f l o w  rate? 

Carrec . t ion  

a1 Check H i - V a l  m a t o r  f i r s t  b y  bypassing .310. 

h i  rnscall brushes. 

c) ~ h a n g e ' p a p ~ z  and H i - Y a L  p0t0r- 

Svmu t o m  

4 .  H i - V o L  running  full b l a s t ?  

C o r r e c t i o n  

a1 Z i t h e =  t h e  d i a e  0 :  t=Fac is b a d ,  (See instructfan iftanual f o r  

l o c a t i o n )  I f  t h o  triac is bad y o u r  unit u i l i .  run f x l l  f o r c e  

w i t h  the  d i a c  a u c  of t h e  system. ( r e p l a c e )  

b l  If n o t  t h e n  diac is bad-  

Svma:ou? 

5 .  U n i t  d o e s  nae come on a t  a l l .  

Correction 

a) Check to see if t h e  t r a n s f o r m e r  primary a t  secondary leads 

have broken Loose, 1f so reso lder  at r-eplace rranrfarner.  

C a L i h r a c i a n  proccdurcs are o u t l i n e d  i n  the i n s t r u c t i o n  man-  

ual- C X U T r O H  00 NOT RENOVE: P R O B E  ,WITH POWER APPLIED O R  

YOU WILL DESTROY IT. (rha c i r c u i t  s c ? e s ; i n f i n a f r  resistance 

and t u r n s  the op ~ o p  all the w a y  on and with n o  c u z r e n t  

l i m i t  i t  burns up one o f  t h e  s e n s o r s .  -Pay.,close a t t e n t i o n  

to proper w i r i n g  as i m e r g p c t  w i r i n q  o f  p t o b e  also can d e a r r a y  . 
one o f  t h e  s e n s o r s .  ~ r ' a  inrtruc~ion manual h a t a r e  a t t e m p t i n g  



cornpanen: zeplacernene on t h e  circuit boare!. Check *i=h t h e  

f a c = a z y  f a r  proper ~ z ~ c z d u = e s .  

S y a o t c c l  

6 .  P L o v  probe dirty? 

Corrscticn 

a) O i s c o n n e c :  all gowcr pLugs € r a m  the unit. 

b l  Remove f l o w  prabe. 

c) C l e a n  v i t h  vater u s i n g  camels h a i r  b r u s h .  

d l  CLean a g a i n  in a l c o h a l .  

a )  R e - i n s t a l l  in HZ-lo& being certain n o t  to r e g c o n n e c t  

paver i okds  u n t i L  o p e r a t i o n  i s  complete. 

NOT2 : 

Whrn re tura inq  the 310 to the factory .  

a) Wrap the probe in a p r ~ e e c ~ i u e  covering be ing  c e r t a i n  if 
canna+ ba daaaged ia t z a a s i t .  I n  a l L  cases the  ; robe  must 

be returned uith t h e  E o d e l  3 1 0  as .boCh are balanced and 

calihtated toge ther .  





I T E M  - D E S C X P T I O N  ,QtJ;LVITY - 
P E Y T E g  CIECUIT BOA!! - 7 

TE,P!I?IFL ST210 6 (1-6) - 1 

TS-VL?IXG ST,-? 6 (7-12) ' - t 

CUACITOR . a 2 2  PTD 4 
-AcZTOR 220 MFD @ 35V 1 
w.;scr~oz LOO LFD e IOV - 1 

USXITOR 3300 P!D @ 2SV - t 
CXP>.CITOR . 4 7  Y ? D  @ 200 V ' I  

' HStOXY B R I D G E  .PECTIFER VE08 5 SJos I 
D I O D E  / , j / 9 / ~ /  ( p \  t f - -  - 1 

D I O D E  ZEXE3 1x8 2 3  - 1 
D I O D E  Z E E X  1H524 2 ' - t 

D I O D E  ZENEX L>IS242 - 1 

PEOTO .WSISTOR V T L ? A ~ O  1 

RESISTOR 5 WATT 30.1 ohms 1 
RESISTOR m 6 0 D  1 L. 
RESISTOR-PN60D factoryselected - P 
RESISTOR ,W60D 1 
RESISTOR m60D ' 1 
RESISTOR ~ 6 0 ~ '  9.09IC ohms 1 
-PESXSTOR RN6OD 20X ohms 1 
RESISTOR V2UUELE 2IC ahms 1 
-2ESXSTOR CAWON 270 ohms I 
RESISTOR -ON 820 ohms t 

RESISTOR W ~ O D  factory. selected :' 7K 4 WAS% I* 
.. RESISTOR RN60D 10K ohms l* 

RESISTOR RN60D 9.09K o h  l* 
RESISTOR M 6 O D  9.09K ohms I f  
RESISTOR RN6OD factory selected i % l K  qwJlJz l;* 
RESISTOR CanRQN 36X ohms (75K ohms in 

220' VAC v e r s i o n )  I* 
VAEUABLE, 25T, 2X O ~ S  (src) lf 
VARIABLE, 25T,-tS ohms CZcc*) I* 

RESISTOR CARBON 270 ohms 104 .. 1 
RESISTOR VARIABLE, 25T, 2IC ohms - 1 
RESISTOR vA~ZABLE LOT, 2,Y ohms PANEL MOUNT If** 
~ S F O W P X ,  TRIAD F-40X, or Equiv. 1 
OPEL'Tf ONAL mLXrIER, 7 4 1EC 1 
OPLUTTf ONAL ArulPLf FIER , 7 4 1EC ?. 
TRANSISTOR, MJE 520 1 
OPERATIONU AMPLIFXEO, 741HC l* 
OPERATIONAL AMeLZFIER, 741HC l* 

8 AME ISOLATED TAB SC L42D 1. 
TRXGGEX DIAC US761 1 
BEAT SINK 1 
METER -OUT, 310R l** 
m t J  P M B E  ASSET4ELY .l - 
ENCLOSURE 1 '  

* FOR 3108 
** FOR 310R 

*** REMOTE FLOV ADJ. 



NO. - 

COMPONENT PARTS L I S T  

T E N S A L  ST191P NOWTCSXTURS : 

DESCRIPTION 

+ OUTPUT FOR 0-5 VDC S I a U  . - aUTEuT FOR 0-5 M C  S I G X U  (GROLTND) - - -  
TRANSDUCER OUTPW 

' RED LEAD TO PXOBE 
. g L c \ C X L Z A O T O P X O B E  

SILVER LEAD TO PP.QB2 ( G Z O m D )  
AC OUTFUT,  TO HI-VQL XOTOR 
AC COMMON tGaOUND)' 
AC ObTPUT, TO EI-VOL HOTOR 
AC LINE VOLTAGE 
AC GXOUND 
AC LIXE VOLTAGE 





SExISS 3 5 0  FLOW CONTZOLLZX 

P m T S  LIST 

Probe, 20c i rm/160oP-~  
Resistor, 30.1 crms, 3N, 1 5  
R e s i s t o r  (pzir) , Factory Selected 
X e s i s z o r  ( s e i r )  , F a c t o r y  Selected 

' Resistor, 80-LOOK, kW 1% selected 
Resistor, 2 0 0 X ,  kW, 19 
?.esistor, 8 , 2 K ,  kW, 5 3  
R e s i s Z a r ,  820ohms, +W,  5 4  
2 e s i s t o r ,  240obms, &W, 5 %  
X e s i s t o r ,  LOOK, &W, 1% 
Jo toa=iorne ter ,  minirturs, 10K 

25  tlta,l% 
R e s i s t o r ,  30.18, kW, 1% 
R e s i s t o r ,  2.7K, kW, 15 
R e s i s t o r ,  33  obns,  kW, 5 %  

-Res is tor ,  1.8K, +tf, 5 %  
Resistor ,  330ohms, %I?, 5 %  
Resistor, 47 ohms, $(+I, 5% 
P o t e n t i o m e t e r ,  10K, Ten T o m  1% 

P ~ n e l  Mount 
Resistor, l S X f  kW, 14 
R e s i s t o r ,  7.5K, 4W, I% 
Resistor, 5.lK, kW, 14 
P o t e n t i o m e t e r ,  Miniature, I O K  

Single T u n ,  1% 
Resistor, 13, +W, 5 8  
Diode, lN914 
Diode, l N 4 0 0 2  
Diode,  Z e ~ e r ,  IN753A 
IC, Zener, LcU293Z 

C 

C a p a c i t o r ,  IOmf,  16V elect. 
C a p a c i t o r ,  .33mf, 50V Tant. 
C a p a c i t o r ,  2200rnf, 35V elect. 
Capacitor, . Imf ,  4 0 0 V  
C a p a c i t o r ,  . h t f ,  6 3 0 V  

(for 2 3 0  VAC version) 

Bracket, Tzansformer 
Transformer, PC-24-450 
Transformer, OPC-24-450 

( f o r  230 VAC .version) 
Transformez, P3-5760 
Screw, 6-32xk, Tl Hold down 
Nut, Keps, 6-32, TI Hold down , 

LM324Nf Quad Op-Amp 

Transistor, 2N2907 
R e g u l a t o r ,  U43 17LZ 

Cl, 2 
C3 
C4 
C5 
cs 

BKT- 1 
T1 
T1 



SE,WZS 350 FLOW CONTROLLER 
PARTS Lf ST 

T r m s i s t o r ,  MJZSZO, NPN 
Transis tor ,  2N3906, PNP 
T r m s i s t o r ,  2N3904, NPN 
Transistor, 2N4871, UJT 
Tziac , SC142D Q LUISLZ 
Dome Washer, QI Mountigg Ear2ware 
I n s u l a t o r ,  Hica 
Socket, DIP,  1 4  g i n  
Connector, Sbbon  Cable assy. 
Header, Connector, P . C . 3  
Relay, PC mount, 1 2 W C  
S c r e w ,  6-32x3/8, TB-1 Mtg. Edwre. 
Nut, Keps, 6-32, Tff-I Mtg. Hdwre, 
Fuse clip,' 2 each 
Fuse, 8 Amp, s lo-blo  314-008 

Heat Sink . 
Screw, 4-40x*, Ql M t g . H 2 w e  . 

lqut, Keps, 4-40 Ql Mtg. Hdwre 
Terminal Block, 9 .Te&al 
Thermal Grease 
Printed Circuit Board 
Box - Short 

.Front Panel.  Model 3 5 2  
Shaft lock,-for 350-018 
Stand-off, I+", assy. - 
Stand-off,  1 3 / 8 " ,  assy.  
Strain Relief, Pwr. Cord Set 
Strain  R e l i e f ,  Probe 
Cord Set, Male & Feznalc 

Latch, Enclosure 

Model 302 Clock P.C.B. Assembly 

Elapsed T h e  Indicator,  I1SVAC/6Ohz 

Circuit Breaker/Switch 

Meter LYovement, l i d 4  

Washer, 60  duro', retzof it 
Bulkhead f i t t ing ,  r e t r o f i t  
I S 0  Block,  2 p a z t ,  r e t r o f i t  I 

?ZZ'ZLCNCS 
DESIGNATION 

Q1 
Q2 
Q 4 , 5 , 7  
Q6 
T5- L 
WW- 1 
IN- 1 

1 (3-1) 
1 each 
1 each 
FC- 1 
m- 1 

ES-L 
l each 
1 each 
TB- 1 
Sn- 1 
PC-1 
a-1 

SL- l. 
SO-1.4 

CB-I 

See I.P!,  



APPENDIX C 
CONTINUOUS FLOW RECORDER 



CONTINUOUS FtO' l l  R E C O R D E R  

E2c9 ASI/GMW cantinucus flow recercer ( ?N$G 105) c m e s  equicsed 
with a pen cartridge (PNS GI Of), a box of 100 reczrder chzrts (PN* GI 06) and 
cnnnecting tubing. The flow recorder is a borden-gauge unit which reseonds to 

changes in plenum pressure caused by either flow restriction during the 
samplets calibration, or changes in flow rate during the sample period. It also 
pravides a hard-copy of the sampler's flow rate stabiJity and indicates any 

intemptian of the sample period (i.e. power or motor failures). 
The fiaw recorder is supplied with a female AC receptacle pawer cord. 

The recorder can be wired to be on c3ntinuousIy or only when the master timer 
energizes the WPM1 O sampler. 

20 Theow of Oo~ration: 
The sampler calibration procedurs presented in this Operatots Manuai 

(Section 4.0) relates known flow rates (as determined by a calibrated transfer 
standard orifice device) with the ratio of atmospheric ta plenum pressure. The 
plenum is the area within the motor hausing (aft of the motor unit) in which 
pressures exceed atmospheric. To measure the plenum pressure, ASVGtMW 
equips all their HVPMlO samplers with a cantinuout flow recorder (Figure 8-1) 
mat is connected to the motor pressure tap by a length of rubber tubing. 

The sampler's operatar must install a &an recorder chart for each 
sample period, To install a chart, the following procedure should be followed: 

1. Open the r e a d e r  door. Raise the pen arm by gently pressing zgainst 
the flat portion of the pen lifter. Never energize the sampler while the 
pen arm is raised; this wiit result in a warp of the pen arm and possibly 
damage the spn'ng inside the flow recorder. 

2. Sfip a ciem recorder chart beneath the pen arm and over the slotted 
chart drive. Make sure that the chart is held by the two chaR clips 

located on the face of the recorder. 
Note: During periods of inclement weather, or when the sampler 

is being operated in a humid envirunment, hva recorder chafis 
can be installed simultaneously. This pnctice will pmhibit the 



Flow Event Recorder 



sample chart from becoming adhered to the recorder face and 

nct ~dvsnc:irg thrcuchcut the sample pericd. 
3. Lzgrrer the pen zrn. E n s ~ r s  t a t !  the reczrlar is prcperly zerced (the 

pen res;s on the inner-most circle of the chart). Adjust the set screw 

(Iac~ted on the bottcm right czrner of the recarder fzce) as necessary. 
Advance the chart to check the zero and to ensure that the pen is 
inking. 

4. If the recarder is wirad to c~e rz t s  csntinuously (e.g. plugged directly 

into line voltage) turn the slctted drive c!ockwise until the correct time is 
indicated by the pcinted chnrt c!ip. If the recorder is plugged into a 
Master Timer, sat the time far the beginning of the next sample period. 

5. Close the recorder door and engage the locking mechanism. Inspec: 
the connecting tubing for crimps or cracks. 

6. The recorder is now ready for the next sampfe period. 

Caution must always be exercised to ensure that the tubing does not 
b e c ~ m e  pinched in the shelter door. 

The pressure recgrder is supplied with an pen cartridge that requires no 
filling. When operated in an and environment, the pens may dry out before the 
ink is exhausted. If this acctlrs, place the pens in a sealed plastic bag with a 
damp cloth or Kimwipe. Pens have a life o f  approximately 3 to 6 months 
(dependent on the sample frequency) and should be replaced routinely as part 
of  a preventative maintenance schedule. To replace the pen, follow the 
procedure presented below: 

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 
m. 

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 



be calibrated to determine operational flow rates. The cantinuous rocgrder is 
net desicned 2s 2 d i r : ~  re~daut insyrunent. 



APPENDIX D 
TIMING DEVICES 



.lfascer Timers 



sample duration (up to 24-h) to the discretion of the apeator. A digital. 

non-resettsble elzpsed time indicaor is incfuded. The Model 801 
rcv ices  :area Cis:inc: prcgrammtng modes: 24-k. episode, and 6sny 
sampling schedules. 

5. &del 9000: Solid Strte i 7 r n ~ r l P m a r z m m ~  
Fmvides the same prognmming capability at the Model 801 but 

indudes additional fearures, induding an auxiliary battery for dock 
opention in the event of power failure. When primary power is 
restored. :he timer will cjcls as ariginally pmgrammed. The 'jawer 
failure' indicatcr lamp continues flashing lo signal that failure has 

occurred. Sy camparing the elapsed time. with the pmgrammed. 
sampling iirne: it can be determined if the- srrnpllng period was 
affected. Model 801 provides three distinct pmgnmming modes: 24- 

h. episode, and Way  sampling schedules. Changing from program 
modes or sample duration is achieved by simple manipulation of a 
thumb- wheel. Tne actual and total elapsed t imes we verified and 
displayed on carnmand. 

21 Ooerztina ?race- 
Zl-l Mod*& 70 and 76. Y ~ n a n l u l  7-Day and 6-Day Skfp nrnars. nspretlvaly 

1. f k 8  the timefs OWOFF "Fiippef switch (IoC81.d on the bottom of 
:he timer wheel) in the OFF position. 

2. ?lug the. male power cord ot the timer into the line voltage and 
connect the remaining eiectrical components of the HVPMI d sampler. 

3. Set the trippers by piaamg the 'A*. or bright trippen, a the sample 
s M  time. Place the '3' , ar dark trippers. at the sampler stop time. 
fkce the 'Flipper swtea to its ON position. 

4. n e  timer will naw turn off and on the sampler autom~ffglly. 
Note: For manual operation, use the timofs 'Ffippef switch 
exclusively. Manual upention over-ndes the automatic scrttlngs. 

2.1.2 Modef 302 Olgttal Tlmar~Prognmrnor 
1. Open the cover of the timer enclosure. Turn the sunpkf s main power j 

Switch to OFF. 
2 Plug Vle male cord into Ene voltage (1 IS VAC for Model 302. UOVAC 

far Model 302X) 
3. Plug the female cord into the sampler. 



4. Press the.'Powef switch to ON. The pomp will not energjzg, If an 
optional batter/ is used, cznnec: batfefy at this time. Note: When 
prcgrzmrning, :5e cigits wiil flrsh until sat. 

5. Set $resent "Time of Day': Set 'Display' switch to 'Time cf 0 ~ y " .  
Hold OOWN the ':tst/slown switch as necessary tU Set. The T m e  of 
Day" is a 24-h format. 

6. Set the 'Sample Start T?rnem: Set 'D&playm switch to 'Ssmgle Start 
Tme*. Hold DOWN the 'fastfsiowRswitth as necessary to set. 

NOTE The 'Sample Sttn Time' must be at leas& 30 minutes aftar' 
the present 7ime of Daym. me 'Dispfay: switch must not Se in the 
"Sample Stan Time' made within 10 minutes ot the initistian of the 
samQle period. 

7. To use the 'Delay Stan" programming capabiiity (Sample atter X 
days, 0-8 days, maximum), set the 'S;rmple M e f  switch to the 
number of days to be skipped befare the next sample period. Positton 
'0' will initiate the first sampling period as soan as the time of day 
matches the sample starr time. Or in other wurds, nu days wiil be 
skipped. Position 1 ,  the timer will skip one day, Postion 2, tHFo days, 
etc 

8. To use the 'Skip 7 m e f  (sample every X days, 1-9 days), set the 
'Sample Every' swrtch to initiate one sample every X days. Pusition 1 

samples daily, Position 2, every second day, ete 
9. TO set sample duration (sample for X hours, 1 -24h), set the 'Sampie 

Fop switch far the number of hours that the sampler is to rernun 
energized. 
Note: The switches referred to in steps 7-9 are positive detent 
switches that provide exact timing. If the switch is not In the detent, it is 
not useable. 

70. Set the timer by pressing the 'Sor switch OOWN ta the Tmef  
. position momentarily. Place the 'Sampler* switch in the 7imef 

position. 

Notes: 
Flashing time display indicates AC and baftefy power Wfure. 
AC Power Fail light indicates failure of AC powr.durfng sample 
penod. 



Display may be left on. Battery life however, may be shortened 

ta anproximately 24-h if AC pcwer fails. -. 
i ;te recsrcs :;e tctd tine sznple is left cn. AC ;orver fziiura 
stcps 5 1  until power is restored. 

The power Mtch  uses a circuit brezker. \&hen circuit is broken, 
:he ON button pops U?. If more than 15 amps are drawn, the 

circuit breaker will trip even if the buttcn is held in. Reset is 
zcccrnplished by pressing the ON button. 

2.1.3 Model 801 Slxth Day, TIrner Programmer 

Model 801 grevides three distinct programming modes: 244 ,  episcde. 
and 6-day sampling schedules. For ail modes discussed below, the reat time 
c!ocks. "A" and '3' are set to the actual time of day. Both clock 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 
fundan of clock "A" is to sequentially advance the indicator fight every 24-h. 

The tabs are secured tagether under the clock face and must be moved 
together. ' The OFF tab of clock "A* must never be permitted ta swing around in 

front of the ON tab. This will result in a b u n  out of the stepping mechanism mil. 
The ON and O f f  tabs of clock "8' are needed only while in the episode 

sampling made. The function of cfock "9" is to act as a series switch to the 
output, accarding to the setting of the ON and OFF tabs. The series switch of 
clock "3" can be brought into the circuit by placing the taggle switch between 
the two cia& in the rigM hand positian. 

me indicator lights are wired in padel and indicate the day or position 
of the stepping mechanism. As a result, it is possible for more than one 
indicator light to gtow when the timer output is activated. To reset the indicator 
light, dl seven day switches must be in the DOWN positian. 

The timer is atranged with three power cords extending down from the 
bottom of the unit. The maie card is plugged into line voltage, the left-hand 
female card is the timed output and should be plugged into the motor, the right- 
hand cord is an auxiliary output that is not timed. 

24-H Sampling Sch.duia: 
1. Set ail seven ' ~ a y  switches and the "b-day Sample" switch in the 

D 0 WN positron. 



2. Reset the indicator liskt to the present day by pressing the 'Day 
Resar' switch. 

3. Set the !ocgle switcfi betwesn clocks 'A' and '2' :a its lee-hor,c 
position. 

4. Place the desired 'Sampling Day(s)' switch(es) in the UP pcs~tion. 
The sampler will activate zt midnight. 

€?Isode Satnplfng: 

1. Set all saven '3ayw switcbes and the '6-day Sample switch in the 
DOWN position. 

2. Reset the indicaor light to  the present day by pressing the 'Dcy 
Reset" switch. 

3. Set the toggle switc5 Setween clacks .Am and '8" to its rim-had 
position. 

4. P k a  the desired 'Sampling Oay(s)' sMch(es) h the UP pasition. 
5. Set the ON and OFF tabs of cia& 'k far the sample start at?d stop 

time. 
&day Sampling Schedulr: 

Note: When programming far 64ay operatfon, d is rege  the 
names of the sample days. The days of the week.drould be 
referred to as positions and not as Monday, T u b e ,  etc. 

1. 'Set dl seven 'Day* switches in the DOWN positfun. 
2. Reset the indcator light to the fifth from the left position (Thursday) by 

pressing the 'Day Reset' switch. 
3. $!ace the "6-Day Sample' switch in the UP paition. 
4. Place the sixth from the left switch (Friday) in rhe UP position. 
5. Set the toggie switch between clacks *Am and '8' to its left-hand 

position. 
The sample period is from midnight to midnght the foilawing day 

or position, and every Hays th8reaRer. 
2.1.4 Mudel 8000 Sulld Sfrfr TTmrr /Praqnmmar 

7 .  Remove the batrery curnpartment cover to expose the battery and 
loose battery dip. Attach the cup to the battery and rep- the cover. 
This bat!ery should be checked every six months and tepkad 
annually (subject to frequency and duratfon of arry power fdh~) .  
 his batteqt should be discannected when the timer is in traitdt or 
norage to pndude unnecessary power drain. 



2. Plug the maie ccrd into line vcttage. The left hand female cord is the 

timed output tc be ccnnsczea :3 the szmpler motor: :he flght-hsd czrd 

3. Press the '0isaltv Onnctal Tme" Sunon to tcivate the time cisplty. 
Set ihe c=rrsct :ime (mllitafy time. COCO hcurs) using the fzsUsbw time 
buflcns. This dsoiay wiil remtin on for saven minutes unless resot by 

rapeating :his steo. If Sright sunlignt makes sseing the display or 

indicztcrs ciificult. c!csa :fie ccor to paClally block tho sunlight and 
darken the power. 

J. Reset the power :zilure inciczlor by pressing the 'Power Failure 

Reset" Sutton. 
5. Manually activate :he samoler :o ensure that the rnator is operating 

correctly. Press the ON buaon, :he sampler should energize. Press 
the OFF Suttan to turn off the sampler. No accumulated time results 
when using these manual cmtrols. It is not possible however, to turn 
the sampler off within the first minute af programmed apemion using 
these csntro Is. 

5. Reset the 'Day Indicator lamp (top row of lamps) to the present day by 
pressing the "Set Day" burton. 

7. Select the sran and stop times on the thumb wheel switches (in 
military time). For a midnight to midnight sample, set both at 0000 

hours. 
3. Set :he .Day Modea thumb wheel to the frequency of sampling desired. 

Position I wiil sunole every cay, P~si t ion 2. every other day, etc. 
When using Position 7, more than one sample day can be selected 

and the sampler will aeivate on the same day(s) each week. 
9. TO check the elapsed time after a sample, press the 'Display O d o t d  

Time' butten. To reset ibe total elapsed time, simuRaneously press 
the 'Display On/Total Tme" and 'Display Testm bunons. Note: If the 

power failure indicator blinks inaicating loss of power, the failure could 
have occurred during a non-sampling period. Press the 'Oisplay 

OnlFatai Time" button and compare the elapsad time with the sampling 
time indicated on the thumb wheel switches. It the readouts are 
identical. the failure c c ~ r r e d  during the non-sampling pecicd i f  a 
discrepancy exists, subtract the elapsed time to determine the 
sample's duration. 



APPENDIX E 
RETRO-FIT 1NSTRUCTtONS 

SIZE SELECTIVE INLET 
MODEL 321-A TO 321-8 



RETRO-FIT INSTRUCTIONS, 
SlZE SELECTIVE INLET 
I\/lODEL 321-A TO 321-0 

1.0 SackarounQ; 
The original SSl's were developed by Dr. A.R. McFarland of Texas A I M  

University (TAMU) under an U.S.Environmantsl Protedicn Agency (EPA) grant 
ta meet a potential 15 micron (pm) smbient inhslzble Particulate (IP) siandsrd. 
After research and field studies, the EPA reconsidered this particuhte indicttar 
and decided that an indiestor based on the concentration of Tnoracic 
Particulates (thosa panicles that can be entrained in the respiratoy system, 
<I Opm aerodynamic dizmeter (ad.) provided a better indication of the potential 
health effects from paniculzte pollution. 

Dr. McFarland modified the single stage, 15pm SSI to obtain a 10.2 pin 
cut point under funding from Andersen Samplers. Inc. (AS!). This inlet was sold 
by AS1 and General Metal Works (GMW) from March. 1982 until May.1984 
under a Model 321 designation. 

Anhaugh the Model 321 inlet met all of the prevailing performance 
specifications for PMlO inlets. Dr. Mcfarland developed an improved SSI, the 
two stage Model 327-A. During subsequent EPA field performance evaluations 
however.'it was determined that a grezsed collection surfscca was required 
(within the SSI) to prevent a potential 'czrry-through' of l ~ r g e  panicles (320prn) 
at PMlO monitoring sites subject to high winds. 

Later TAMU data analysis determined that the of 1 0 . 2 ~  inlet cut point 
(origin4 design of Model 321 and 321-A inlets) could be modified to a cut point 
of 9.7pm by using a smaller diameter acceleration nozzle. A 9 . 7 ~  cut point 
meets not only ail Federal Reference Method (FRM) iniet specifications (inlet 
cut point of 1 Opm f 0 . 5 ~ )  but aiso results in lower mass concentration measure- 
ments. Hence, the development of greased shim and nozzle insert .refro-fit kits 
for bath the 321 and 321-A inlets. 

Onc0 modified with a greased collection sudace, the 321 and 3 2 1 4  
inlets are designated Reference Methods (RFPS-1287965 and RFPS-1287- 
064, respectively) and are referred to as Model 321-C and 321-8. fespedvely. 
Note: Nozzle insensfor Model 321-A inlets are not required for FRM 
designation. they are however, recommended by the manufacturer. Please 
refer to Table I .  1 .  



Reference Method Model Number Inlet Description 
Designation Number 

for 

Model 321-8 Modified 321 -A inlet 
1. T w o  Acceleration 

Noufe Stages 
2. 9 . 7 ~ ,  50% cut point 
3. Greasad callection 

shim on first stage 
4. lnlet hood removable 

cleaning 

Model 321 -C Modified 321 -Inlet 
I. Single Accelerat ion 

Nozzfe Stage 
2. 9,7pm, 50% cut point 
3. Greased collection 

shim 
4. lnlet hood removable 

for cleaning 

RFPS-1287-063 Mode1 1200 1. Singfe Acceleration 
zfe Stage 

2. 9 . 7 ~ ~  50% cut point 
3. Greased collection 
shim 
4. Inlet body hinged for 

cleaning 

Table 1 .I ASUGMW Inlet Description 



20 Oescriotion of Modificztion K i h  

Ezch Gretsecj Shim and Nozzle Modification Kit ( P N t G  120025j 
consists of the following components and is offered free to all ASIIGbIW 
customers who have purchasad Model 321 ar 321;-A inlets. As indicated below, 
individual items can be ordered and purchased separately. 

1. Collection Shim Kit: PNS GI 20030 
a. Collection Shim Plate: PN rr" GI 20027 
b. Collection Shim Clips: PNS GI 20028 
c. Dow Sifican $31 6 Grease PNS GI 0544 or SE290G 

2. Naule Modification Kit (9.2pm): PN# GI 20034 
a. RTV adhesive: PN+ GI0596 
b. Nouie  Plate Gasket PN# SSl-20 

Note: ASVGMW wiIl exchange any Model 321 or 327 -A inlet for a 
new, hinged body Model 1200 SSI. The exchange price is 
450.00 per unit plus freight Please contact the facto y. 

3 0 Shim and No7tie Modification Kit Instaffatinn Procedffm 
Note: The installation procedures presented beio w are 

applicable only to the Model 327-A SSI (figure 1 )  . Contact the 
manufacturer fur modificalion instructions for the Model 321. 

1. Gather the following tools: 
* Flat Head Screwdriver 
O Power Drill with 7/32" Dn'Il Bit 

" Crescent Wrench 
2. Remove the inlet hood by removing all of the spacer bolts that affix the 

hood to the inlet bady. Lift the hood carefully and place R on the floor or a 
workbench, dome-side-down to avoid warping. The acceleration nozzle 
plate wiff now be visible. 

3.. Remove the twelve (12) bolts that attach the accaieration nozzle plate 
(PN11SS1-109) to the inlet housing. Gently lift the plate and placs it on the 
floor or a workbench. nozzle-side-up to avoid cuntaminating or damaging 
the nazzfes. 

4. Discard the nozzle plate gasket (PN# 551-20) that forms a seal between 
the acceleration naule plate and the inlet housing. 



5. Remove the first stage collection plate by loosening the four (4) bolts 2nd 

liiting over the inlet housing. Car2fuliy plac~ the cctllec!ion plzte onto a 
level, sturdy surface. tap-side-up. 

6. Using a power drill with a metal 7/32" drrfI bit, drill two hcles in the 

collection plate at the lacztiafls shown in Figure 2. While drilling, 
exercise cautian to avoid bending the plate. 

7. Mount the two shim clips (PNt Gf 20028) as taown in Figure 3. 
8. Clean all intericr surfaces of the SSI using a clean c!ath o r  K i ~ s v i p e  

Inspect all nozzles and vent tubes and c!ean with 2 bottle brush as 
necessary. Ensure that the c3llecticn plzte is c3rnpletely clezn; remcve 

any metal shavings or residual debris. 
9. Return the collection plate to the sampler inlet. Replace and tighten tl';e 

four (4) retaining bolts. 
10. Place the coffection shim (FN$ 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 (PNG SE209G) Do not substitute ~ n v  ather subs:~nce 
without cont2ctina the manufacturer. Shake the czn, and holding it 
upright 8 to 10-in. away, apply a 'generaus" amount of silicone spray. 
Over spraying will not affect the performance of the inlet, so when in doubt, 
apply more spray. 

I I. Allow 3 to 5 minutes for drying; the shim should be tacky (not slippery) 
and have a slightly cjoudy appearance before placing it in the inlet. 

12. Lift the grewed collection shim by the edges and place it on the c3lledicn 
plate, g teased-side-up. 

13. Rotate the two (2) shim cfips 90° so that they are placed aver the edge of 
the greased collection shim. 

14. Inspect the acceleration nozzles and clean as necessary using a soft 
clean cioth or Kirnwipe. 

15. Install a new nozzle plate gasket (PN#SSl-20). 
16. Reversing step 3, install the acceleration nozzle plate. 
1 7. Place a small bead of RTV (silicone caulking) adhesive on the bottom lip 

of &I acceleration nozzle insert (Figure 4). Press the nozzle insen firmly 
into an existing nozie.  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 presented in step 2. 



=-; - - 
20. Atttch the enc!ased gummed label to t h e  outside of the  SSI. This label 

prcvides notics t h ~ t  tho i n k t  kzs been rcdifed to become a Mcdel 321 -a 



4.0 Mgint~nance Activities; 

The SSI hccd should be ins9sc:ed every s z , ~ c i e  ~ e r i c b  for denis or 
irregularities in the inlet gap. Ccntzc: :he manufzc:urer if dents exceeding 1/2" 

are noted. 
In general. ASVGMW recsmmends a thcraugh cle~ning of the SSI aner 

75 days of sampling; which, on a 6 dsy schedule would correspcnd to 3 
calender months. If the TSP czn be estimated from histcriczl dstz to the site, It 

is recammended that the schedule shown be used. 

MAINTENANC~ F R E Q U E N C Y  
AVERAGE ESTlMA TED 

TSP AT SITE NUMBER OF INTERVAL, ASSUMING 
STD. pg/tn3 SAMPLING D A Y S  6-DAY SAMPLING SCHEDULE 

6 months 
3 months 
2 months 
1 months 

- 

Procedures for cleaning and maintaining the Model 321 -8 inlet are as follows: 

1. Inspect the fbur shelter draw-catches for proper tension. Adjust as 
necessary by the first loosening the lock-nut on the hook-catch rod. TO 
shorten the catch length, turn the rod ctockwise; cgunter-clockwise to 
loosen. After adjustments are complete, re-tighten the lack-nut. Do not 

over-tighten, distortion in the inlet housing can result. 
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. Wpe all internal surfaces with a damp doth or Kimwipe. 

3. Remove the acceieratfon nozzle plate according to procedures presented 
in section 3.0. Clean the twelve (122)accieration nozzles with a bottle 
bnrsh or cfean cloth. 

4. Inspect the collection shim pattern. A normal greased shim pattern is 

indicated by a circular pattern of particle collection directly beneath the 
accelemtion noutes. An overloaded shim can be identified by bars or 

stripes of deposit between the margins of the circular deposits. 



5. Regrease the collection shim by tollawing procedures in section 3.0. 
steps 10 and 1 1. 
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