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EXECUTIVE SUMMARY 

 

 This report presents the results of the 2010 groundwater sampling under the Long-Term 

Monitoring Plan (LTMP) (USACE, 2002) for the Clean Fill Dump (CFD) Operable Unit (OU) at 

Fort George G. Meade (FGGM), Maryland. The LTMP is implemented under the purview of the 

U.S. Army, the U.S. Environmental Protection Agency (EPA) Region III, and the Maryland 

Department of the Environment (MDE). The Record of Decision (ROD) (U.S. Army, 2000b) 

identified the selected remedial alternative for the CFDOU (U.S. Army, 2000a) as “no further 

action with monitoring.” This remedy provides for no activity directed at decreasing or removing 

constituents, or any construction that might reduce the potential of exposure to possible 

receptors. The remedy does include the activity of monitoring the groundwater quality. The 

environmental investigations presented in the ROD indicate that chemicals are present at the site 

at concentrations sometimes exceeding screening criteria, but the risks posed to human health 

and the environment for workers, trespassers, and site visitors remain within the EPA acceptable 

risk range of 10-4 to 10-6.  

 The LTMP specifies six wells in the Lower Patapsco aquifer to be monitored on a 

biennial basis. The primary objective of the LTMP is to ensure the selected remedy continues to 

provide adequate protection of human health and the environment. To accomplish this, the 

monitoring results are interpreted to verify 1) contaminant concentrations are not increasing over 

time, 2) new constituents are not appearing, 3) contaminants are not migrating to potential off-

site receptors, and 4) metals concentrations are consistent with concentrations that are naturally 

occurring in the Lower Patapsco aquifer. Additionally, the chemical results are compared to 

regulatory standards [e.g., maximum contaminant levels (MCLs) and non-zero maximum 

contaminant level goals (MCLGs)]. Table ES-1 lists the wells and the analytical parameters in 

the biennial monitoring. 

 Groundwater samples from six monitoring wells at the CFDOU were collected on 

September 23, 24, 27, and 29, 2010 using the low flow procedures described in the LTMP. The 

samples were analyzed for Target Compound List (TCL) volatile organic compounds (VOCs) 

and Target Analyte List (TAL) metals (filtered). 

 



ES-2 

 

TABLE ES-1 
CFD LTMP Monitoring Wells and Analytical Program 

Well TCL1 VOC2s TAL3 Metals4 

CFD-3S X X 

CFD-5 X X 

MWC-3 X X 

MWC-5 X X 

WP-2 X X 

WP-6 X X 

Analytical Method 
EPA SW846  EPA SW846  

8260B 7470A/6020 
1Target Compound List 
2Volatile Organic Compound 
3Target Analyte List 
4Metals samples will be filtered 

 

 Two of the three VOCs detected in the 2010 samples—trichloroethene (TCE) and 

tetrachloroethene (PCE)—were detected at concentrations exceeding their MCL or Regional 

Screening Level (RSL) criteria in wells CFD-3S and WP-2. The VOC trend analyses indicate 

that concentrations have decreased over time in down gradient wells, but the concentrations still 

remain above the screening criteria. The analysis also indicates that some natural attenuation is 

occurring, but the process is occurring quite slowly.  The historical and current long-term 

monitoring (LTM) results indicate that VOCs are not migrating off-site to potential receptors. 

The VOC groundwater contamination remains contained at the site and existing land use controls 

prevent access to the groundwater.   

 The metal concentrations have remained consistent over time at the CFDOU and are 

likely attributed to background; however, background concentrations have not formally been 

defined for the CFDOU or received regulatory approval. The groundwater measurement data still 

indicate that a positive vertical gradient and the potential of upward flow in the aquifer exist at 

the site. Therefore any dissolved constituents in the shallow groundwater are not likely to move 

to deeper intervals. Some metals (arsenic, chromium, cobalt, iron, manganese, and mercury) 

were detected above screening criteria at CFD-5 (the most down gradient well at the CFDOU 

near the Little Patuxent River); only arsenic in CFD-5 drives an MCL exceedance. Oddly, 

arsenic concentrations elsewhere at the site are much lower (i.e., generally non-detect and have 
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no MCL exceedances). The elevated arsenic in groundwater at CFD-5 potentially could 

discharge into surface water at the Little Patuxent River.  

 Constituents remain in the CFDOU groundwater at concentrations higher than MCLs; 

therefore, the following recommendations are made based upon the 2010 groundwater sample 

results and the feedback received from stakeholders regarding the CFDOU 5-year review (URS, 

2009):  

 Prepare an Explanation of Significant Difference (ESD) that will change the CFDOU 

remedy from “no further action with monitoring” to “land use controls with long-term 

monitoring.” Use the ESD process to change the sampling frequency from biennial to 

annual. 

 Include sampling for monitored natural attenuation (MNA) parameters and VOC 

daughter products from the LTM wells in all future LTM events. 

 Install a new monitoring well (screened 60 to 70 feet mean sea level) down gradient from 

CFD-3S to better track vertical migration.   

 Sample all existing CFD wells (both shallow and deep) for Resource Conservation and 

Recovery Act (RCRA) metals and VOCs as a supplemental effort to the LTM program 

(i.e., one-time event during the next planned LTM round) to 1) provide a better 

understanding of current site conditions, 2) identify potential background wells, 3) 

identify LTM program data gaps, and 3) revise the LTMP.  

 Discuss the background data gap issue with stakeholders to better determine whether 

metal concentrations at the CFDOU are attributed to background rather than site-related 

contamination. The supplemental sampling effort (see bullet above) will provide data for 

this discussion. 

 Collect an up gradient and down gradient surface water sample from the seep adjacent to 

CFD-5 and two samples from the LPR - one upstream from where the tributary enters the 

Little Patuxent River and the other one downstream - to determine whether site-related 

metal concentrations (e.g., arsenic near CFD-5) are migrating off site.  
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1.0 INTRODUCTION 

 

 The United States Army Corps of Engineers Baltimore District (USACE) contracted 

URS Group, Inc. (URS) to perform the 2010 biennial groundwater monitoring for the Clean Fill 

Dump (CFD) Operable Unit (OU), Fort George G. Meade (FGGM), Maryland. The monitoring 

requirements are described in the CFDOU Long-Term Monitoring Plan (LTMP) (USACE, 

2002). The 2010 monitoring was performed under contract W912DR-09-D-0017, delivery order 

20. Figure 1-1 illustrates the location of FGGM and the CFDOU in Anne Arundel County, 

Maryland, midway between Baltimore, Maryland and Washington, D.C. The CFDOU is located 

within lands from the FGGM Legacy Base Realignment and Closure (BRAC) property 

transferred to the United States Department of Interior (DOI), Fish and Wildlife Service (FWS) 

under the 1991 Transfer Assembly.  The DOI administers the land as the Patuxent Research 

Refuge- North Tract (PRR-NT); a National Wildlife Refuge. However, the U.S. Army (Army) 

has retained approximately 13 acres that constitute the CFD site. 

 The 1998 Remedial Investigation (RI), (USACE, 1998) reported several VOCs and 

metals at concentrations in the shallow water table aquifer above the U.S. Environmental 

Protection Agency (EPA) Region III risk based concentrations: dichloroethene (DCE), 

tetrachloroethene (PCE), trichloroethene (TCE), chloroform, arsenic, beryllium, and iron. The 

Army’s Record of Decision (ROD) (U.S. Army, 2000b) for the CFDOU presented the remedial 

alternative of “no further action with monitoring.” This remedy is based on site characterization 

and human health and ecological risk assessments that concluded that with the imposition of 

institutional controls the site conditions do not pose an unacceptable risk to potential human and 

ecological receptors. The CFD LTMP (USACE, 2002) is implemented under the purview of the 

Fort Meade Environmental Partnership, which includes the U.S. Army, EPA Region III, and the 

Maryland Department of the Environment (MDE). This report covers the 2010 CFDOU 

groundwater sampling and presents those results in the context of the long-term water quality 

and the specific objectives defined in the LTMP (USACE, 2002).  
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1.1 OBJECTIVE 

 The objective of the CFDOU LTMP is to ensure the remedy of “no further action with 

monitoring” continues to provide protection to human health and the environment. Long-term 

monitoring (LTM) is implemented to document 1) contaminant concentrations are not increasing 

over time, 2) new constituents are not appearing, 3) contaminants are not migrating to potential 

off-site receptors, and 4) metals concentrations are consistent with background levels in the 

Lower Patapsco aquifer. 

1.2 SAMPLING PROGRAM 

 The LTMP includes biennial sampling of six shallow monitoring wells and analyzing for 

Target Analyte List (TAL) metals and Target Compound List (TCL) volatile organic compounds 

(VOCs). Metals samples are filtered to remove the residual turbidity that is frequently 

encountered in groundwater samples collected from the Cretaceous age coastal plain sediments. 

To collect consistent data, the LTMP specifies the low flow purge technique to minimize 

drawdown in the well and ensure representative samples are collected in each monitoring round.  

The monitoring program also provides for inspection and gauging all wells at the site to improve 

the resolution of the water table surface and to ensure all wells are secure and serviceable if 

future conditions would dictate their use. 
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2.0 BACKGROUND 

 

2.1 SITE HISTORY 

 The Patuxent Research Refuge (PRR) is located in Anne Arundel County, Maryland, 

approximately halfway between Washington, D.C. and Baltimore, Maryland. The Refuge is 

bounded on the north by Highways 32 and 198, on the west by the Baltimore-Washington 

Parkway, on the south by the Patuxent River, and on the east by the active firing ranges, the 

Amtrak railroad right-of-way, and private property. In 1917 Congress authorized the acquisition 

of the property for the Army and approximately 4,000 acres of farmland became Camp Meade in 

honor of Major General George G. Meade. The property was originally used as a training 

cantonment for World War I troops. In January 1941, training areas were added within the 

installation, expanding the post to 13,596 acres. During the 1940s, the facility underwent 

widespread growth to accommodate several regiments that moved their base of operations to 

FGGM, including the Second Army and the Eleventh Cavalry (USACE, 2002). 

 In 1988, the Defense Authorization Amendments and BRAC mandated the closure and/or 

realignment of portions of FGGM. In 1991, the Army transferred 7,600 acres to the DOI FWS, 

expanding the contiguous Patuxent Wildlife Research Center, which is now known as the PRR-

NT. A second land transfer of approximately 500 acres to the PRR-NT took place in January 

1993. The CFDOU site was specifically excluded from the 1991 transfer and remains under the 

administrative control of FGGM until such time as the Army and the DOI have determined that 

the site is environmentally clean. 

 The CFDOU covers approximately 13 acres in the eastern portion of the PRR-NT in an 

otherwise undeveloped wooded area along Boundary Road (Figure 2-1). The CFD is located 

partially within the boundaries of the Firing Range 7 downrange fan. The CFD was active from 

approximately 1972 through closure in 1985. The main dump covers an area of approximately 

500 by 800 feet. Soil borings have revealed waste materials as deep as 16 feet on the site. The 

main dump extends to the tree line to the north and east and has a fill-face slope rise of at least 

10 feet above the wetlands. Fill included miscellaneous debris such as stumps, trees, logs, 

concrete waste, construction debris, appliances, and fill soil (USAEC, 1989). Other disposal may 

have included garbage, food wastes, cans, bottles, ash, and possibly hazardous materials.  
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 Uncontrolled dumping continued outside the main perimeter after the 1985 site closure. 

This activity included sporadic surface dumping, primarily along the CFD margins and the 

access roads, but also in the wetlands south of the CFD and Boundary Road, also known as 

Wildlife Loop Road, in an area referred to as the Uncontrolled Waste Site (UWS). Figure 2-1 

presents its location.  The uncontrolled dumping occurred before the parcel was transferred to the 

DOI. The DOI area is now enclosed (fenced) and managed by the PRR-NT and the FWS. The 

FWS controls and limits access to the PRR-NT. However, a debris removal action was 

conducted at the UWS in 2007 and 2008 (USACE, 2008a and 2008b). A total of 76 roll-offs and 

641 tons of debris (tires, concrete, construction and demolition debris, and metal) were removed 

from the UWS. The responsible parties for the uncontrolled dumping activities are unknown. 

2.2 ENVIRONMENTAL SETTING 

2.2.1 Climate 

 The climate at the PRR-NT is temperate, influenced by the Chesapeake Bay and the 

Atlantic Ocean to the east and the Appalachian Mountains to the west. The winter weather in the 

area is influenced primarily by cold, dry, continental-polar winds from the west and northwest, 

and less frequent maritime-tropical winds from the south and southwest, that bring warm, often 

humid air to the region. During the summer, the dominance of these two air masses is reversed 

and warm, humid weather dominates. 

 Local weather data are compiled by the National Weather Service Forecast Office for the 

Baltimore-Washington International Airport (BWI) weather station found at the following URL 

address:  http://www.weather.gov/climate/index.php?wfo=lwx.  The 2009 annual precipitation 

was approximately 55.57 inches. The normal distribution of monthly rainfall at BWI is 

essentially even throughout the year, varying between 3.0 and 3.98 inches. However, the BWI 

precipitation data revealed a cumulative rainfall in September 2010 of 6.02 inches. The annual 

mean daily temperature for the FGGM area is 61 degrees Fahrenheit (ºF), with a daily annual 

maximum of 72ºF and a minimum of 45ºF. Annual temperature extremes vary from -6ºF to 

101ºF (USACE, 2002).  
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2.2.2 Topography 

 The CFDOU is located in the Coastal Plain physiographic province. Low, rolling uplands 

and low-gradient streams characterize the PRR and the CFDOU. The surface elevation ranges 

from approximately 70 feet to 120 feet, National Geodetic Vertical Datum (NGVD) of 1929 

(NGVD29). The CFDOU lies on the west side of a north-south trending shallow ridge that 

separates the CFDOU and adjacent wetlands from an unnamed stream and wetlands to the east. 

 The present topography of the CFDOU is the result of past disposal activities. The fill 

presumably was dumped in the convenient low area beside Boundary Road on what may once 

have been wetlands. There is a scarp face from the top of the fill to the southeast, south, and 

west. The greatest relief is on the southeast side. It is likely that at least the lower portion of the 

fill material is saturated during the wettest season of the year.  

2.2.3 Surface Water Hydrology 

 The PRR-NT lies within the 932-square-mile Patuxent River watershed, one of the 

primary drainage systems in Anne Arundel County (USACE, 2002). Several bodies of surface 

water are present within the refuge, including the Patuxent and Little Patuxent Rivers, Midway 

and Franklin Branches, and Lake Allen (formerly known as Soldier Lake). The Patuxent River 

receives drainage from numerous intermittent streams that emerge from the PRR-NT.  

 Drainage routes through the PRR-NT are generally broad, low relief features with 

shallow gradients. Marshy areas and wetlands occur along portions of the major drainages. Much 

of the PRR-NT is nearly at river level and is prone to flooding. 

 Wetlands are located to the northeast and the south of the CFDOU. These wetlands are 

largely overgrown and contain significant areas of standing water. Drainage channels generally 

are not well defined. During earlier investigations (USAEC, 1992a,b; USACE 1998) seeps were 

observed in at least two areas, one within 10 feet of the southern edge of the main dump. 

 The area around the CFDOU is drained by several southward-flowing unnamed streams 

and drainage swales that empty into the Little Patuxent River. The most prominent streams are 

located to the southwest of the dump and on the east side of the low ridge. The Little Patuxent 

River, the major drainage in this portion of the PRR, is approximately 1,200 feet south of the 

CFDOU. 



2-5 

2.2.4 Geology  

 The PRR-NT is located on the Cretaceous sediments of the Coastal Plain physiographic 

province. The Coastal Plain is underlain by a wedge of unconsolidated alluvial sediments that 

dip and thicken eastward toward the Atlantic Ocean. The crystalline rocks of the Piedmont 

physiographic province (the easternmost portion of the Appalachian Plateau) lie beneath the 

sediments at the PRR-NT, but they are exposed near the Anne Arundel County line to the west. 

The demarcation between the Piedmont and Coastal Plain physiographic provinces is termed the 

“Fall Line” because of the falls and rapids found where streams cross this boundary. 

 The unconsolidated sands, clays, and silts of the Coastal Plain were deposited during the 

Cretaceous and the Quaternary geologic periods. Unconsolidated deposits present at the PRR-NT 

are from the lower Cretaceous age Potomac Group; these sediments include, from oldest to 

youngest, the Patuxent Formation, the Arundel Clay, and the Patapsco Formation, and have a 

total thickness of at least 600 feet at the PRR. The Lower Patapsco sand is the surface formation 

at the CFDOU. For much of the low-lying area of the CFDOU, sand is the dominant lithology to 

a depth of approximately 100 feet. These sands contain interbedded clay and gravel layers of 

unknown lateral extent. The higher elevations adjacent to the CFDOU are supported by clay, 

which may be the remnant of a unit that has eroded from the lower areas, for example, the 

wetlands that extend south from the CFDOU to the Little Patuxent River.  

2.2.5 Hydrogeology 

2.2.5.1 Regional Hydrogeology. Groundwater resources in the Potomac Group sediments 

include three aquifers: the Upper Patapsco, the Lower Patapsco, and the Patuxent (USACE, 

2005). The Arundel Formation and the middle confining layer of the Patapsco Formation act as 

confining layers separating the aquifers. The aquifers are confined on a regional scale, but they 

act as unconfined aquifers within the respective outcrop areas. The Upper Patapsco is absent at 

the CFDOU. 

2.2.5.2 Local Hydrogeology. Two aquifer units of the Cretaceous Potomac Formation are 

present at the CFDOU:  
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 The Lower Patapsco sand is the water table aquifer in this area and consists of 

approximately 190 to 230 feet of yellowish-orange to brown sand and lesser amounts of 

sandy gravel. This unit crops out and is in recharge as the water table aquifer. 

 The Patuxent Formation is the lowest Cretaceous unit represented in the vicinity of 

FGGM and the PRR. This confined aquifer is a water supply for nearby municipal 

systems, including FFGM. Production comes from screens as deep as 800 feet below the 

surface. 

Two clay intervals serve as aquitards (confining layers) between the Potomac aquifers: 

 The middle portion of the Patapsco Formation may be locally present as the clay-rich 

erosional remnants capping the hills. This unit consists of low-permeability silty and 

sandy clays and sand-silt-clay mixtures, with local zones of silts and sand. 

 The Arundel Clay is a regional confining unit. Although the Arundel Clay was not 

encountered in the drilling at the CFDOU, it is estimated that the top of the Arundel Clay 

should be encountered at approximately 300 feet below grade in this area. Facility deep 

well logs indicate that the Arundel Clay consists of stiff, reddish-brown clays with a 

thickness of 200 to 250 feet.  

 Although the regional groundwater flow is to the southeast, generally following the 

eastward structural dip, groundwater flow in the water table aquifer often mirrors the local 

topography and can deviate significantly from the regional direction. At the CFDOU, the 

southerly groundwater flow direction is controlled by the Little Patuxent River, and local 

discharge is into the wetlands and the Little Patuxent River. Flow varies with seasonal effects 

and local precipitation events. No river stage data are available; however, the groundwater flow 

suggests that the river is in recharge through base flow. 

2.2.6 Groundwater and Surface Water Use 

 The FGGM obtains water from two sources: (1) surface water from the Little Patuxent 

River; and (2) six deep facility production wells (PW-1 to PW-6; Maryland regulations (Code of 

Maryland Regulations 26.08.02) designate the Little Patuxent River south of the Old Forge 

Bridge as a Use I waterway—suitable for human water contact recreation, fishing, and the 

protection and propagation of aquatic life. The Little Patuxent River north (upstream) of the Old 
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Forge Bridge is designated as Use I-P, which is additionally suitable for use as a public water 

supply. The Water Treatment Plant surface water intake is located north of Route 198. 

 The six FGGM production wells are screened between 500 and 800 feet below grade in 

the Patuxent Formation. Production wells PW-1 and PW-2 are located on the FGGM cantonment 

area north of Route 32. Wells PW-3 to PW-6, located near Range Road, are on the extreme 

eastern side of the PRR-NT. These deep wells are not near the CFDOU and are screened well 

below the thick Arundel Clay regional confining layer.  

 At this time, the PRR-NT produces water from three wells completed in the Patuxent 

aquifer with screen depths of greater than 230 feet below the surface (Russ Dyrland, Personal 

Communication). Water is supplied at athletic fields near the entrance from Maryland Route 198, 

at the Visitor Contact Center, and at the Environmental Education Center. No groundwater is 

extracted near the CFDOU. Records exist of three additional Patuxent wells that once served 

isolated facilities on the property, but these wells are not in service and in unknown condition. 

 Surface water on the PRR-NT is dedicated to wildlife management including wetlands 

habitats and ponds supporting migratory waterfowl. This resource is important for sportsman’s 

activities during hunting season.  
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3.0 2010 MONITORING ACTIVITIES 

 

3.1 WELL INSPECTION AND GROUNDWATER GAUGING 

 The 2010 activities at CFDOU included measuring the water level in and inspecting the 

condition of 17 monitoring wells at the site. Figure 3-1 presents a map showing the well 

locations and the main features of the site. Well construction details and elevations are included 

in Table 3-1. Water levels were measured with an electronic water level meter that was 

decontaminated prior to measuring each well. Results are presented as a water table contour map 

in Section 4. The water level measurements were acquired on September 20 and 21, 2010.  

TABLE 3-1 
LTMP Monitoring Well Construction Details 

Well No. 

Well 
Total Depth  
(Feet below 

grade) 

Ground 
Elevation

(Feet 
NAVD*) 

Top of 
Casing 

Elevation
(Feet 

NAVD*) Aquifer 

Approx. 
Screen 

Interval 
(Feet below 

grade) 
Part of LTM 

Program 

CFD-1 55.3 112.49 114.32 L. Patapsco 40.3-55.3  

CFD-2 8.0 78.98 81.67 L. Patapsco 3-8  

CFD-3S 9.5 78.31 80.21 L. Patapsco 4.5-9.5  

CFD-3D 80.0 79.70 81.95 L. Patapsco 60-70  

CFD-4 9.5 77.39 79.99 L. Patapsco 4.5-9.5  

CFD-5 8.0 73.19 75.95 L. Patapsco 3-8  

MWC-1 30.0 89.18 90.80 L. Patapsco 18.5-28.5  

MWC-2 101.0 93.43 94.85 L. Patapsco 89-99  

MWC-3 39.0 79.59 81.59 L. Patapsco 29-39  

MWC-4 40.5 108.52 110.40 L. Patapsco 30-40  

MWC-5 41.5 111.23 113.53 L. Patapsco 31-41  

WP-1 6.0 76.84 79.57 L. Patapsco 3-6  

WP-2 5.5 76.51 79.38 L. Patapsco 2.5-5.5  

WP-3 6.0 76.96 79.21 L. Patapsco 3-6  

WP-4 6.0 91.37 93.97 L. Patapsco 3-6  

WP-5 5.5 90.05 91.95 L. Patapsco 2.5-5.5  

WP-6 54.0 113.49 115.49 L. Patapsco 44-54  

                     * NAVD = North American Vertical Datum                              
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 Well inspections were made between September 20 and 29, 2010. The mechanical 

condition of each well was inspected to ensure the wells were intact and secure. A table of the 

findings is included in Section 4. The well inspection report forms are included in Appendix B. 

3.2 GROUNDWATER SAMPLING 

 The LTMP specifies sampling six wells to assess the groundwater condition and detect 

unexpected changes in conditions. Based on the distribution of the contaminants and the 

observed slight upward vertical gradient reported in the RI, the monitoring program is focused 

on characterizing the upper portion of the water table aquifer. Figure 3-2 presents a geological 

cross section through the CFDOU that illustrates the relative positions of the well screens to the 

water table. The sampling rationale for the six wells is described below. Construction details of 

the wells sampled are listed in Table 3-1.  

 CFD-3S: This shallow well is located on the down gradient edge of the CFD and 
contained the highest VOC concentrations during the 1996 sampling event. 
This well provides data on contaminants that likely originate at the CFD. 

 MWC-3: This well is screened in the middle portion of the Lower Patapsco aquifer at 
the down gradient edge of the CFD, near CFD-3S. It provides data relevant to 
determining vertical migration of contaminants. 

 WP-2: This shallow well is several hundred feet down gradient of the CFD and is on 
the edge of the UWS. Solvents were detected in early sampling rounds, but at 
lower concentrations than in CFD-3S. This well monitors conditions down 
gradient from the landfill. 

 CFD-5: This shallow well is located at the farthest down gradient edge of the solvent 
plume and is 200 feet from the Little Patuxent River. It monitors groundwater 
conditions near the discharge point into the river. 

 WP-6: This well monitors water quality at the edge of the UWS and the southeast 
property boundary. Data from this well monitors possible migration of 
contaminants off site. This well screen is positioned just below the water 
table. 

 MWC-5: This shallow well is up gradient of the CFDOU. It characterizes groundwater 
conditions that are not influenced by the CFD or the UWS. It will also 
confirm that the site is not influenced by an up gradient source. 

 The groundwater samples were collected on September 23, 24, 27, and 29, 2010. Field 

activities followed the procedures specified in the LTMP (USACE, 2002). At the beginning of 

each day the monitoring instruments were calibrated to the manufacturer’s specification. These 

instructions are included in Appendix F. Each well was inspected for physical condition 



3-3 

including the condition of the protective casing and the lock, the concrete pad, the presence of a 

well cap, the condition of the casing, and the presence of a marked measuring point. A piece of 

plastic sheet was placed on the ground around the casing to protect any down-hole equipment 

from accidental contact with the ground. As the well was first opened, the headspace was tested 

for the presence of VOCs with a photoionization detector. A water level meter was used to 

measure the depth to groundwater and the depth of the well. From these measurements the 

volume of water in the well casing and the saturated sand pack was calculated. A submersible 12 

volt pump connected to disposable tubing was lowered in the well to the deeper of the midpoint 

of the water column or the midpoint of the screen. According to the procedures presented in 

section 3.0 of the LTMP, the submersible pump was decontaminated prior to each use. 
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The wells were purged following low flow procedure. The pump rate was adjusted to 

approximately 1 liter/minute (L/min) while ensuring the drawdown remained less than 

approximately 0.1 meter or 0.33 feet. Physical parameters including pH, conductivity, 

temperature, turbidity, dissolved oxygen (DO), and oxidation/reduction potential (redox) were 

measured with flow cell instrumentation; and draw down was monitored with a water level 

meter. These parameters were recorded every 10 minutes on the purging and sampling record 

sheets provided in Appendix A. Purging continued until approximately one well volume had 

been removed and the parameters pH, temperature, conductivity, and turbidity had stabilized. 

Stabilization is defined as three successive readings 10 minutes apart with pH changing by less 

than 0.1 pH unit, temperature changing by 1oF or less, and conductivity and turbidity changing 

by less than 10 percent (USACE, 2002). The final purge parameters are listed in Table 3-2. 

TABLE 3-2 
Final Monitoring Parameters 

Well ID pH 
Temperature 

oC 
Conductivity 
(µmohs/cm) 

DO 
(ppm) 

REDOX 
(mV) 

Turbidity 
(NTU) 

Drawdown 
(ft) Date 

CFD-3S 6.69 20.04 0.083 1.8 89 21.1 0.3 9/23/2010 

CFD-5 6.5 17.75 0.392 <0.2 -54 41.3 -0.02 9/27/2010 

MWC-5 4.49 14.66 0.162 6.6 296 12.1 0.18 9/27/2010 

WP-2 6.37 18.24 0.169 <0.2 -52 8.2 0.05 9/29/2010 

MWC-3 4.59 15.05 0.092 1.7 331 5 0.05 9/24/2010 

WP-6 3.81 17.29 0.062 2.11 331 57.5 0.17 9/27/2010 
oC = degrees Celsius;  µmohs/cm = micromohs per centimeter; mV = millivolts; ppm = parts per million; NTU = 
Nephelometric turbidity unit; ft = feet 

 
 Conductivity was stabilized before one volume had been removed from each well. 

However, temperature failed to meet the specified stabilization criteria for CFD-3S, but it only 

slightly exceeded the parameter limit.  Also, pH and turbidity failed to meet the 10 percent 

criterion in WP-6 due to persistent minor pH fluctuations. Turbidity frequently failed to meet the 

stabilization criterion in past sampling rounds at other FGGM sites. Although the wells were 

carefully developed after installation and had been purged in previous sampling events, the 

Patapsco sediments continue to release fine particles, even with the low flow protocol. The final 

non-stabilized turbidity measurement was 5.0 nephelometric turbidity units (NTU). Because the 

metals samples are filtered prior to analysis, the residual turbidity is expected not to influence the 

metals results. The influence the residual turbidity may have on the VOC results is not known. 
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Purge rates ranged between 0.19 and 0.65 liter per minute, and drawdown in the wells ranged 

between a gain of 0.02 and a loss of 0.3 feet. In all wells, the DO and redox readings varied by 

less than 10 percent over the last three measurements.  

 Samples were collected in appropriately preserved bottles supplied by the laboratory. 

Table 3-3 lists the analytical program for the CFD samples, and Table 3-4 describes the bottle 

requirements and preservatives. All bottle labels included the sample identification, sample date 

and time, analytical method, preservative, and sampler’s name. The metals sample was passed 

through a 0.45 micron in-line filter prior to filling the preserved bottle. The purge water was 

placed in drums and stored as non-hazardous waste pending the analytical results and proper 

disposal. 

TABLE 3-3 
Sample Analyses/Analytical Methods 

Well No./QC TCL VOCs1  TAL Metals2  

CFD-3S, CFD-223   

CFD-5   

MWC-3    

MWC-5   

WP-2   

WP-6   

Trip Blank   
1EPA Method 5030B/8260B    3Field Duplicate 
2EPA Method 3005A/6020 

 
 

TABLE 3-4 
Sample Containers and Preservatives 

Parameter 
Container 
Quantity Container Type Preservative Holding Time 

VOCs 3 40-mL glass vials, Teflon 
septum cap 

HCl to pH <2, 
Cool, 4o±2oC 

14 days 

Metals 1 500-mL polyethylene HNO3 to pH <2, 
Cool, 4o±2oC 

6 months except Hg 
– 28 days 

mL=milliliter; HCL=Hydrochloric acid;  HNO3=Nitric Acid 

 The quality control (QC) samples acquired during this event included a field duplicate 

(FD), trip blanks, and volumes for the lab matrix spike (MS) and matrix spike duplicate (MSD). 
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The field duplicate was collected from CFD-3S. The laboratory MS/MSD samples were 

collected from CFD-3S. All samples were placed in sealed, ice-filled coolers for shipment. 

 The nomenclature for sample ID uses the monitoring well designation, for example 

“CFD-3S”. For the QC samples, the codes appended to the sample IDs are FD, MS, and MSD. 

The daily trip blanks accompany the VOC samples. These were designated Trip Blank CFD for 

samples shipped on September 24, 2010, and Trip Blank for samples shipped on September 29, 

2010. One equipment blank was collected from the decontaminated submersible pump per the 

requirement of one blank per 20 environmental samples.  

3.3 CHEMICAL ANALYSIS 

 Samples were shipped overnight to TestAmerica Laboratories, Inc., located in Pittsburgh, 

Pennsylvania, under a chain of custody (COC) protocol. The COC forms and shipping waybills 

are included in Appendix A. The parameters specified in the LTMP and the analytical methods 

are listed in Table 3-3. The FD (labeled “CFD-22”) was submitted for the same analyses as 

sample CFD-3S. Additional sample volume was collected from CFD-3S for the laboratory MS 

and MSD.  

 Appendix C contains the laboratory reporting package which provides the laboratory 

reporting limits (RLs) and method detection limits (MDLs) for each analyte. 

3.4 CHEMICAL DATA VALIDATION 

 URS performed data validation following the EPA Region III Modifications to the 

National Functional Guidelines for Data Review to assess the quality of the sample data and the 

usability for the intended purpose in the monitoring program in accordance with the 2002 LTMP. 

For future work, the following validation resources will be used (in order of preference):  

 Project Quality Assurance Plan 

 Department of Defense (DoD) Quality Systems Manual (QSM) 

 EPA SW-846 Test Methods 

These guidelines will be incorporated into the revised LTMP scheduled for fiscal year 2011. 

 In addition to assessing the results of the various analytical QC, the validation identifies 

potential errors in the results, such as transcription errors, laboratory methods out of control, or 
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cross-contamination of samples. The Validation Report is provided in Appendix D. The data 

qualifiers and abbreviation definitions are provided at the end of the report. 

3.5  DATA MANAGEMENT  

 URS recorded field data in a bound field logbook and on field monitoring sheets and are 

available in Appendix B. Chemical data were delivered by the laboratory in hardcopy and 

electronic formats. Physical parameters including pH, conductivity, turbidity, DO, and redox 

from the field monitoring were incorporated into the chemical data files. The 2010 results are 

combined with the historical data from the site and loaded into the FGGM environmental 

database for the CFDOU.  

3.6 INVESTIGATION-DERIVED WASTE 

 Purge water was placed in 55-gallon drums and was collected and will be disposed of by 

Potomac Environmental, Inc. The water was not sampled, because it is considered investigation-

derived waste (IDW) water with trace explosives (i.e., non-hazardous).  All disposable sampling 

material including tubing and personal protective equipment was collected in trash bags and 

disposed of as directed by Post personnel. 
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4.0 RESULTS 

 

4.1 WELL INSPECTION 

 A visual inspection of the casing of each of the 17 CFDOU wells was performed by URS 

during the sampling event. The inspection revealed all site wells are in serviceable condition, but 

various deficiencies were noted ranging from rusty casings to broken fittings that compromise 

security. Table 4-1 presents the conditions discovered at the time of inspection. Most well locks 

are stiff and difficult to open. Paint is faded on many well casings and the exterior well ID is 

difficult to read. The broken casing hinges on CFD-2, CFD-3S, and CFD-5 do not prevent 

opening the apparently locked casings. 

TABLE 4-1 
2010 CFD Well Inspection Results 

Well ID Concrete Pad Paint 
Well ID 
External 

Well ID 
on Cap 

Well 
Permit 

Tag 
Present Other Observations 

CFD-1 Good Rusty Faded No Yes Stiff lock, wasp nest 

CFD-2 None Rusty Faded No Yes Broken hinge, stiff lock 

CDF-3S None Faded Faded Yes Yes Broken hinge, stiff lock 

CFD-3D Good Rusty Faded Yes Yes Wasp nest 

CFD-4 Poor Rusty Faded Yes Yes No lock; new lock provided 

CFD-5 Partially covered Rusty Faded Yes Yes Soil on concrete pad, broken hinge 

MWC-1 Good Rusty Faded No Yes 
Soil on concrete pad, no lock; new 

lock provided 

MWC-2 Good Faded Faded No Yes Heavily overgrown, wasp nest 

MWC-3 Good Faded Faded No Yes Stiff lock 

MWC-4 Good Rusty Faded No Yes Stiff lock 

MWC-5 Good Faded None No Yes Stiff lock 

WP-1 None None Yes Yes No 
Only 2-inch pipe, no outer casing, 

no lock; new lock provided 

WP-2 None None Yes Yes No 
Only 2-inch pipe, no outer casing, 

measuring point not labeled 

WP-3 None None Yes Yes No 
Only 2-inch pipe, no outer casing, 

broken cap, no lock 

WP-4 None Rusted Faded No No Stiff Lock 

WP-5 None Faded None No No Stiff Lock 

WP-6 Good Faded Faded No No Stiff lock 
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4.2 HYDROLOGICAL RESULTS 

 A complete round of water level measurements was conducted from September 20 to 21, 

2010. Groundwater elevations calculated from these static water levels are presented in Table 4-2 

and are contoured on the groundwater map in Figure 4-1. These contours indicate groundwater 

flow is to the southwest under the CFDOU, and turns southerly in the wetland area to the south 

of the landfill. The Little Patuxent River serves as a constant head discharge for the shallow 

groundwater, controlling the groundwater elevation in the vicinity of the site. Groundwater 

elevations in four wells with deeper screens--CFD-1, CFD-3D, MWC-2, and MWC-3--were not 

used to construct the water table contours. 

TABLE 4-2 
Groundwater Elevation September 20 to 21, 2010 

Well ID 

Top of Casing 
Elevation 

(ft NAVD*) 

Measured 
Depth to 

Water (ft TOC) 

Groundwater 
Elevation 

(ft NAVD*) 

Top of Screen 
Elevation 

(ft NAVD*) 

Height of Water 
Above Top 
of Screen 

(ft  NAVD*) 
CFD-1 114.32 49.5 64.82 72.19 -7.37 

CFD-2 81.67 3.04 78.63 75.98 2.65 

CFD-3S 80.21 3.00 77.21 73.81 3.40 

CFD-3D 81.95 2.62 79.33 19.70 59.63 

CFD-4 79.99 3.06 76.93 72.89 4.04 

CFD-5 75.95 4.72 71.23 70.19 1.04 

MWC-1 90.80 10.42 80.38 70.68 9.70 

MWC-2 94.85 14.81 80.04 4.43 75.61 

MWC-3 81.59 3.11 78.48 50.59 27.89 

MWC-4 110.40 29.68 80.72 78.52 2.20 

MWC-5 113.53 30.44 83.09 80.23 2.86 

WP-1 79.57 3.04 76.53 73.84 2.69 

WP-2 79.38 4.08 75.30 74.01 1.29 

WP-3 79.21 2.76 76.45 73.96 2.49 

WP-4 93.97 5.11 88.86 88.37 0.49 

WP-5 91.95 4.24 87.71 87.55 0.16 

WP-6 115.49 39.89 75.60 69.49 6.11 

* NAVD = North American Vertical Datum 
ft = feet 
TOC = top of casing 
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 Flow velocity of the shallow groundwater can be estimated using the assumption of 

Darcian flow conditions (Freeze and Cherry, 1979), the formation’s hydraulic conductivity and 

porosity, and the horizontal groundwater gradient. Slug tests conducted at the CFDOU during 

previous investigations (USAEC, 1992a and 1992b) yielded an average hydraulic conductivity of 

2.78 x 10-3 centimeters per second (cm/sec) from four wells screened at the water table. The 

horizontal gradient calculated between CFD-3S and CFD-5 on September 20 to 21, 2010 is 

5.11 x 10-3. Assuming the porosity of 30 percent for the Patapsco sands, the groundwater flow 

velocity is approximately 4.73 x 10-5 cm/sec or 0.134 feet per day. 

 The vertical gradient in the water table aquifer was calculated from the water levels in the 

group of three wells near the base of the landfill: CFD-3S, MWC-3, and CFD-3D. Table 4-3 

presents the groundwater elevations, the elevations of the screen midpoints, and the calculated 

vertical gradients. The water levels (hydraulic heads) increase with depth, resulting in a positive 

vertical gradient and the potential of upward flow in the aquifer. This result corroborates findings 

in the RI and suggests any dissolved constituents in the shallow groundwater probably will not 

move to deeper intervals. 

TABLE 4-3 
Vertical Hydraulic Gradient 

Well ID 

Screen Midpoint
Elevation 

(ft NAVD*) 

Groundwater
Elevation 

(ft NAVD*) 

Vertical 
Gradient 

(ft/ft) 
CFD-3S 71.31  77.21 

0.049 
MWC-3 45.59  78.48 
MWC-3 45.59  78.48 

0.028 
CFD-3D 14.70  79.33 

* NAVD = North American Vertical Datum 
ft = feet 

 

4.3 CHEMICAL RESULTS 

4.3.1 Laboratory Results 

 Table 4-4 presents the detections from the 2010 groundwater monitoring. All analytes 

that are positive detections in at least one sample are included in this table. A “J” flag indicates 

concentrations lower than the laboratory RL but above the laboratory MDL. These trace 

detections are positively identified but are only of approximate quantification and appear with 
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one significant digit.  The entry “bdl” (below detection limit) indicates a non-detect.  The 

complete laboratory data report is presented in Appendix C.  

 VOCs were detected in three downgradient wells: CFD-3S, CFD-5, and WP-2, but not in 

the upgradient well, MWC-5.  TCE and cis-1,2-dichloroethene (cis-1,2-DCE) were reported in 

CFD-3S, CFD-5, and WP-2. PCE was also reported in CFD-3S.  None of these compounds were 

detected in the deeper screen at the foot of the landfill, MWC-3, suggesting that the positive 

vertical groundwater gradient discussed in Section 4.2 has prevented constituents in the shallow 

water from moving deeper into the aquifer.  

 Twenty-one inorganic analytes were detected in the 2010 samples. With the exception of 

the essential nutrient metals (calcium, magnesium, potassium, and sodium), most inorganics 

were reported at low concentrations in only one or two wells. However, some exceptions are 

notable, including arsenic, iron, and manganese. The 2010 sample results for arsenic in CFD-5 is 

consistent with historic detections in that location. Mercury, detected in trace concentration near 

the laboratory MDL, had not been reported in sampling events prior to 2008. The iron and 

manganese concentrations in the southern part of the site are similar to other VOC-contaminated 

sites where reductive geochemical conditions are conducive to mobilizing metals that are ready 

electron accepters. 

 Evaluation of the CFDOU results includes comparison to several sets of concentration 

standards. Table 4-4 includes the three sets of screening criteria from EPA used to evaluate the 

results and the PRR Lower Patuxent aquifer background levels for the inorganic analytes. 

 Maximum Contaminant Levels (MCLs) and non-zero Maximum Contaminant Level 

Goals (MCLGs) from the National Primary Drinking Water Regulations are legally 

enforceable standards that apply to public water systems and protect public health by 

limiting the levels of contaminants in drinking water. MCLs and MCLGs are available on 

EPA’s Web site:  www.epa.gov/safewater/contaminants/index.html. These criteria are 

current to November 2010. 
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 National Secondary Drinking Water Regulations or Secondary MCLs (SMCLs) are non-

enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic 

effects. The SMCLs are also available on the EPA Web site. These criteria are current to 

November 2010. 

 Regional Screening Levels (RSLs) are health-protective chemical concentrations that are 

calculated using conservative residential exposure parameters for tap water and are based 

on a carcinogenic risk of 1E-06. The non-cancer RSLs are adjusted from a target hazard 

index of 1 to 0.1 per EPA Region III screening guidance (EPA, 2010). In previous LTM 

reports, the Army used EPA Region III tap water risk-based concentrations (RBCs) for 

screening the groundwater results. In September 2008, EPA published RSLs that 

supersede the EPA Region III RBCs. 

The lower of the cancer and adjusted non-cancer RSL was used as the screening criteria 

in Table 4-4. The EPA Region III RSLs, which were taken from the RSL table dated 

November 2010 (EPA, 2010), are available at www.epa.gov/reg3hwmd/risk. 

 Background concentrations for inorganics in the Lower Patapsco aquifer on the PRR are 

adapted from the metals results from monitoring well ODAMW-6D at the Ordnance 

Demolition Area.  Background concentrations were taken as the detections reported for 

the sample collected in May 1996. A high level of uncertainty is associated with the 

inorganic concentrations from this single sample and whether these results are considered 

to be characteristic of background water quality for the Lower Patapsco aquifer on the 

PRR.  Therefore, no background comparison with the 2010 groundwater data will be 

conducted; instead the background levels are presented for informational purposes only.  

4.3.2 MCL and SMCL Exceedances 

 TCE exceeded its MCL of 5 micrograms per liter (µg/L) in CFD-3S (7.8 µg/L) and WP-2 

(7.6 µg/L).  

 PCE exceeded its MCL of 5 µg/L in CFD-3S (18 µg/L).   

 Arsenic was the only metal that exceeded its MCL of 10 µg/L; arsenic was detected in 

the downgradient well CFD-5 (27.5 µg/L). 

 Iron and manganese both exceeded their SMCLs in four wells. 
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4.3.3 RSL Exceedances 

 TCE was detected at concentrations above its RSL of 2 µg/L in CFD-3S (7.8 µg/L) and 

WP-2 (7.6 µg/L). This compound had exceeded the RSL in CFD-5 in the previous 

sampling event but now is only detected in a trace concentration of 0.4 µg/L. 

 PCE was detected at concentrations above its RSL of 0.11µg/L in CFD-3S (18 µg/L).  

 Arsenic exceeded its RSL of 0.045 µg/L in the down gradient well CFD-5 (27.5 µg/L).  

 Cobalt exceeded its RSL of 1.1 µg/L in four down gradient wells, CFD-3S (11.7 µg/L), 

CFD-5 (2.7 µg/L), MWC-3 (5 µg/L), and WP-6 (7.4 µg/L), as well as in the up gradient 

well MWC-5 (29 µg/L).  

 Chromium exceeded its RSL of 0.043 µg/L in all wells: CFD-3S (5.8 µg/L), CFD-5 (3.2 

µg/L), MWC-5 (3.1 µg/L), WP-2 (6.7 µg/L), MWC-3 (5.8 µg/L), and WP-6 (2.7 µg/L). 

The results for CFD-3S and MWC-3 were “B”- flagged indicating that the analyte was 

also detected in the method blank. 

 Mercury exceeded its RSL of 0.057 µg/L in two down gradient wells, CFD-5 (0.076 

µg/L) and WP-2 (0.087 µg/L), and the up gradient well MWC-5 (0.073 µg/L). However, 

all these results are “J”-flagged, indicating that the result is an estimated value. 

 Iron exceeded its RSL of 2,600 µg/L in CFD-3S (5,070 µg/L) and CFD-5 (10,700 µg/L). 

4.4 DISCUSSION 

4.4.1 Current Groundwater Quality 

 The 2010 results indicate TCE, PCE, arsenic, chromium, cobalt, iron, manganese, and 

mercury are present at concentrations exceeding MCLs and/or RSLs. Cis-1,2-DCE, TCE, and 

PCE were detected only in wells downgradient from the CFD and are likely to be site related.  

Figure 4-2 and 4-3 shows the TCE and cis-1,2-DCE detections above screening level decrease 

down gradient from the landfill. The absence of the organic compounds in MWC-3 is consistent 

with the upward vertical gradient discussed in Section 4.2. 

 Arsenic was detected in CFD-5, the down gradient well, at a concentration exceeding the 

MCL and RSL, and was “bdl” in all other wells. Iron exceeded the SMCL in four wells and 

exceeded its RSL in two wells. Manganese exceeded the SMCL and RSL in the up gradient well 
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MWC-5 as well as down gradient wells CFD-3S, CFD-5, and WP-2. Chromium exceeded its 

RSL concentrations in all wells. Cobalt and mercury exceeded the RSL in the up gradient well 

and three or more down gradient wells. Most of these metals were also detected in MWC-3, 

suggesting the elevated concentrations are related to local subsurface conditions favorable to 

mobilizing metals. 

 WP-6 contains several metals at concentrations above the RSLs, but the VOCs were not 

detected, demonstrating that the organic contaminants are not migrating to the southeast off the 

property.  

4.4.2 Groundwater Quality Trends 

 One goal of the LTM program is to evaluate the chemical results for possible trends over 

the span of monitoring, in particular, to document that contaminant concentrations are not 

increasing over time. Table 4-5 presents the historic and current results for four constituents—

DCE, PCE, TCE, and arsenic--that have been consistently detected at the CFDOU. This table 

reveals a four-dimensional picture of the site contaminants; the wells specify the spatial 

distribution of the detections, and the succession of sampling rounds records the temporal 

distribution. For example PCE concentrations have been generally decreasing in CFD-3S since 

the 1993 sampling event. PCE is rarely detected in other wells.   

 The CFDOU data were evaluated with the Mann-Kendall trend test to search for trends 

that would be indicative of changing conditions in the groundwater quality.  The Mann-Kendall 

test does not require particular distributional assumptions, and non-detects are permitted.  

However, the test requires the data set to contain a minimum of four sample results.  The Mann-

Kendall tests were conducted using Visual Sample Plan (VSP) version 5.0 for analytes detected 

during the 2010 sampling event.  

 In generating the data set for the VSP tool, the non-detections were assigned the value of 

the RL even though the RL varied over the period of record, and the “J” flag results are included 

as detections.  VSP tools were set to “account for non-detects” which addresses variations in the 

RL values over time using the Kaplan-Meier Product Limit Estimator (Telephone conversation 

with Mr. Brent Pulsipher, 17 November 2010).  The Mann-Kendall test yields a value that 

corresponds to a probability level that a trend is the result of random fluctuations, based on the 

number of observations considered and the desired confidence level. If the probability is low that a 
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trend is based on random fluctuations (e.g., <5%), then the trend is considered to be statistically 

significant. Conversely, if the probability is high that a trend is based on random fluctuations (e.g., 

>5%), then the trend is considered statistically insignificant.  In addition to the Mann-Kendall trend 

test, VSP was used to produce Lowess curves for analytes of interest in selected downgradient 

wells.  These Lowess curves are presented in Appendix E. 

Table 4-6 presents the statistical trend analysis that was performed using the previous 5 

years of LTM data (2002 through 2010) to evaluate the chemical results for possible trends.  

Earlier site data (1991 through 1996) was not used because of the high number of non-detections in 

the data set and the large variability (2 to 3 orders of magnitude difference) of the chemical RLs 

used to represent the non-detect concentrations. The data produced skewed Mann-Kendall 

statistical results when all the available groundwater data were used. As shown in Table 4-6, the 

statistical analysis indicated very few upward or downward trends with the data even when the 

2002 through 2010 data were used. A significant portion of this data set consists of non-detects, 

which makes it unlikely that statistical tests, including the Mann-Kendall test, will detect a trend.  

To clarify possible trends, scatter plots were generated to visually examine the detected 

concentrations over time for select VOCs (cis-1,2-DCE, PCE, and TCE) and metals (arsenic, 

chromium, cobalt, manganese, and iron) at the CFD OU.  Appendix E presents the results. The 

PCE concentrations at CFD-3S (Figure E-1) appear to decrease over time (until 2006 when the 

concentration became steady at 18 μg/L), but the concentrations are above the MCL. The cis-1,2-

DCE and TCE concentrations remain fairly consistent over time (between 5 and 15 μg/L); the cis-

1,2-DCE concentrations remain below its MCL of 70 μg/L whereas the TCE concentrations remain 

above its MCL of 5 μg/L.  

The Lowess curves for well CFD-3S (Figure E-2) show downward trends for PCE and 

TCE. The cis-1,2-DCE Lowess curve indicates an inverse relationship with the PCE and TCE 

results; cis-1,2-DCE is at a low point in 2005 when the curves for PCE and TCE are showing a 

peak. The reverse occurs in 2007, however the cis-1,2-DCE concentrations decrease after 2007 and 

the PCE concentration curve appears to stabilize. Table E-1 and the data points in the Lowess 

curve for TCE show an increase in concentration from 2008 to 2010. 

 For monitoring well WP-2 (Figure E-3), the VOC concentrations increase during the 2006 

sampling event and then decreased again in 2008; however MCLs have never been exceeded 



DCE1

3/91 2/93 10/96 6/02 4/04 9/06 8/08 9/10

CFD-3S 5.9 bdl2 bdl 14.2 6.6 9.3 12 7

CFD-5 bdl bdl bdl 3.9 1.7 2 3.92 1.6

MWC-3 x3
x bdl bdl bdl bdl bdl bdl

MWC-5 x x bdl bdl bdl bdl bdl bdl

WP-2 x x 7.4 1 J bdl 12 8.2 31

WP-6 x x bdl bdl bdl bdl bdl bdl

PCE4

3/91 2/93 10/96 6/02 4/04 9/06 8/08 9/10

CFD-3S 37 67 60 25.8       47 D6  
18 18 18

CFD-5 bdl 2.5 bdl bdl bdl bdl bdl bdl

MWC-3 x x bdl bdl bdl bdl bdl bdl

MWC-5 x x bdl bdl bdl bdl bdl bdl

WP-2 x x bdl bdl bdl 17 bdl bdl

WP-6 x x bdl bdl bdl bdl bdl bdl

TCE5

3/91 2/93 10/96 6/02 4/04 9/06 8/08 9/10

CFD-3S 5.4 12 12 12.4 14 9.5 6 7.8

CFD-5 bdl 3 1.6 11.2 0.61 J6
1.1 1.9 0.4

MWC-3 x x bdl bdl bdl bdl bdl bdl

MWC-5 x x bdl bdl bdl bdl bdl bdl

WP-2 x x 6.1 1.5 J bdl 15 4.8 7.6

WP-6 x x bdl bdl bdl bdl bdl bdl

Arsenic
3/91 2/93 10/96 6/02 4/04 9/06 8/08 9/10

CFD-3S bdl bdl bdl bdl 5.43 J bdl 1 J bdl

CFD-5 37.4 10.4 43.3 31 26.5 27 27 27.5

MWC-3 x x bdl bdl bdl bdl 0.5 J bdl

MWC-5 x x bdl bdl bdl bdl 0.3 J bdl

WP-2 x x 7.81 bdl bdl bdl 1 J bdl

WP-6 x x bdl bdl bdl bdl bdl bdl

All concentrations in micrograms per liter (parts per billion).

Notes: 1 1,2-Dichloroethene (from 1991 and 1993 sampling events) and cis-1,2-Dichloroethene (from subsequent sampling events) have been 
combined as "DCE".

2 bdl = Below method detection limit and reporting limit 
3 x =  Not analyzed in this sampling event
4 PCE=Tetrachloroethene
5 TCE=Trichloroethene
6 Laboratory Qualifiers:  D = Dilution, J = Estimated value

TABLE 4-5

Sampling Event

Sampling Event

Sampling Event

Sampling Event

Summary of Historical Chemical Results for Selected Analytes
Clean Fill Dump



TABLE 4-6
Summary Statistics and Trend Analyses

No. of No. of 
Percent 
Non-

Shapiro-Wilk 
Distribution Test (b)

Standard 
Deviation

Detected Analytes
2010 Observ.  (a)

Non-
Detects

Detects 
(%)

Significant at 
alpha = 0.05

Mean (b) 
ug/L

of the Mean (b) 
ug/L

Median (b) 
ug/L

Range (b)  
ug/L

Minimum (b) 
ug/L

Maximum (b) 
ug/L S value

Prob from 
table

Significant     at 
alpha ≤0.05

MWC-5 (upgradient)
Chloroform 5 3 60% normal 0.91 0.71 1 1.79 0.21 2 -5 0.484 No trend
Aluminum 5 2 40% not normal 121.84 71.76 82.20 137 63 200 -3 0.816 No trend

Arsenic 5 4 80% not normal 6.26 5.13 10 9.70 0.30 10 -5 0.484 No trend
Cadmium 5 2 40% normal 3.23 4.28 0.50 9.79 0.21 10 -6 0.234 No trend

Cobalt 5 2 40% normal 29.20 14.17 29 40 10 50 1 1.184 No trend
Iron 5 3 60% normal 128.08 121.34 100 287 13 300 -6 0.234 No trend

Magnesium 5 1 20% not normal 4512 1998.70 5200 5000 1000 6000 0 1.184 No trend
Manganese 5 1 20% not normal 68.46 33.15 79.10 82.20 10 92.20 6 0.234 No trend

Nickel 5 2 40% normal 27.20 7.66 26 20 20 40 0 1.184 No trend
Zinc 5 1 20% normal 42.36 21.29 50 56 10 66 4 0.484 No trend

CFD-3S
Chloroform 5 4 80% normal 1.03 0.66 1 1.87 0.13 2 -5 0.484 No trend
cis12DCE 5 0 0% normal 9.82 3.26 9.30 7.60 6.60 14.20 -2 0.816 No trend

PCE 5 0 0% not normal 25.96 13.86 18 32 18 50 -5 0.484 No trend
TCE 5 0 0% normal 9.94 3.27 9.50 8 6 14 -6 0.234 No trend

Aluminum 5 4 80% not normal 162.54 83.76 200 187.30 12.70 200 -4 0.484 No trend
Arsenic 5 5 60% normal 5.51 4.48 5.43 9 1 10 -7 0.234 No trend

Cadmium 5 2 40% normal 3.11 4.38 0.35 9.93 0.07 10 -6 0.234 No trend
Cobalt 5 1 20% not normal 23.70 15.05 19 38.30 11.70 50 -10 0.008 Downward
Iron 5 0 0% normal 4460 949.13 4900 2270 3100 5370 2 0.816 No trend

Magnesium 5 1 20% not normal 2888 1204.60 2300 2900 2100 5000 -8 0.042 Downward
Manganese 5 0 0% normal 95.48 19.32 89 48 78 126 0 1.184 No trend

Nickel 5 0 0% normal 30.20 9.10 34 22.30 17.70 40 -8 0.042 Downward
Zinc 5 0 0% normal 72.92 8.49 69 21.50 65.80 87 1 1.184 No trend

CFD-5
cis12DCE 5 0 0% normal 2.56 1.10 2 2.30 1.60 3.90 -4 0.484 No trend

PCE 5 5 100% not normal 1.20 0.45 1 1 1.00 2.00 -4 0.484 No trend
TCE 5 0 0% not normal 3.04 4.60 1.10 10.80 0.40 11.20 -4 0.484 No trend

Aluminum 5 4 80% not normal 160.60 88.10 200 197 3 200 -4 0.484 No trend
Arsenic 5 0 0% not normal 27.80 1.82 27 4.50 26.50 31 1 1.184 No trend
Cobalt 5 2 40% not normal 23.38 24.37 7.19 47.30 2.70 50 -5 0.484 No trend
Iron 5 0 0% normal 12180 995.99 12000 2500 10700 13200 -7 0.234 No trend

Magnesium 5 0 0% normal 6950 2000.10 6200 4990 5310 10300 -4 0.484 No trend
Manganese 5 0 0% normal 213 80.31 190 202 142 344 -8 0.042 Downward

Nickel 5 3 60% normal 21.68 18.02 20 38.40 1.60 40 -5 0.484 No trend
Zinc 5 0 0% normal 48.24 33.50 39.30 79.40 17 96.40 -4 0.484 No trend

WP-2
cis12DCE 5 1 20% normal 10.64 12.33 8.20 30 1 31 7 0.234 No trend

PCE 5 4 80% not normal 4.40 7.06 1 16 1 17 -3 0.816 No trend
TCE 5 1 20% normal 5.98 5.71 4.80 14 1 15 4 0.484 No trend

Aluminum 5 1 20% normal 221.80 46.82 213 116 160 276 -6 0.234 No trend
Arsenic 5 4 80% not normal 6.40 4.94 10 9.02 0.98 10 -5 0.484 No trend
Cobalt 5 2 40% normal 24.45 23.97 16 49.32 0.68 50 -3 0.816 No trend
Iron 5 0 0% normal 663.20 221.13 690 555 383 938 -10 0.008 Downward

Magnesium 5 1 20% normal 3912 1040.30 3820 2660 2340 5000 -8 0.042 Downward
Manganese 5 0 0% normal 106.50 49.37 92 106 54 160 8 0.042 Upward

Nickel 5 3 60% normal 21.68 18.01 20 38.30 1.70 40 -5 0.484 No trend
Zinc 5 1 20% normal 12.10 8.89 11 21 1 22 -4 0.484 No trend

WP-6
Aluminum 5 4 80% not normal 164.38 79.65 200 178.10 21.90 200 -4 0.484 No trend
Cadmium 5 2 40% normal 3.25 4.27 1 9.87 0.13 10 -4 0.484 No trend

Cobalt 5 0 0% not normal 15.30 19.45 7.40 45 5 50 -6 0.234 No trend
Iron 5 0 0% normal 584.40 126.53 626 304 376 680 5 0.484 No trend

Magnesium 5 0 0% not normal 1707.40 1841.90 897 4210 790 5000 -4 0.484 No trend
Manganese 5 0 0% normal 23.84 2.97 24 7.60 19.30 26.90 6 0.234 No trend

Nickel 5 2 40% not normal 23.92 14.72 15 28 12 40 -3 0.816 No trend
Zinc 5 1 20% normal 28.40 9.61 28 24 20 44 0 1.184 No trend

MWC-3
Chloroform 5 4 80% normal 1.01 0.68 1 1.93 0.07 2 -5 0.484 No trend
Aluminum 5 4 80% not normal 161.18 86.80 200 194.10 5.90 200 -4 0.484 No trend

Arsenic 5 4 80% not normal 6.30 5.07 10 9.50 0.50 10 -5 0.484 No trend
Cadmium 5 3 60% normal 3.27 4.26 1 9.87 0.13 10 -2 0.816 No trend

Cobalt 5 2 40% not normal 24.44 23.43 10.70 45 5 50 -5 0.484 No trend
Iron 5 3 60% normal 126.44 123.09 100 287 13 300 -8 0.042 Downward

Magnesium 5 1 20% not normal 2706 1292.80 2200 3110 1890 5000 -10 0.008 Downward
Manganese 5 0 0% normal 26.22 1.36 26.20 3.30 25 28.30 -1 1.184 No trend

Nickel 5 3 60% normal 22.62 16.79 20 33.60 6.40 40 -5 0.484 No trend
Zinc 5 1 20% normal 13.99 6.46 9.90 13.60 8.40 22 -2 0.816 No trend

(a)  Number of Observations beginning with the 2002 Long Term Monitoring.

(b)  Statistics from Visual Sampling Plan (VSP), Summary Statistics; VSP setting to account for non-detects was involked.

(c)  Statistics from Visual Sampling Plan (VSP), Mann-Kendal Trend Analysis; VSP setting to account for non-detects was involked.  Data were not required to be normally distributed.

All calculations performed using Visual Sample Plan; field duplicates are treated as lab quality control samples and are not considered in this statistical evaluation.

Mann-Kendall Trend Test (c)
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except for PCE during the 2006 sampling event. The cis-1,2-DCE concentrations have been 

generally increasing since the 2004 sampling event, however all concentrations remain far below 

the cis-1,2-DCE MCL of 70 μg/L. From 2008 to 2010, the concentration of cis-1,2-DCE increases 

from 8.2 to 31 μg/L, possibly indicating that natural attenuation is occurring. The Lowess curves 

for WP-2 (Figure E-4) show an upward trend for cis-1,2-DCE. The Lowess curves for PCE and 

TCE trend downward following the June 2007 timeframe.  

 With the exception of one TCE result (11.2 μg/L) in 2002 at CFD-5 (Figure E-5), the VOC 

concentrations remain below MCLs. Scatter plots and Lowess curves were not generated for 

monitoring wells MWC-3, WP-6, and MWC-5 because PCE, TCE and cis-1,2-DCE are not 

detected from 2004 to 2010. 

 Scatter plots for arsenic, chromium, cobalt, manganese and iron are presented in Appendix 

E. Scatter plots were not generated for mercury because the detections are primarily trace or 

estimated concentrations. These scatter plots examine the metal concentrations over time of the 

LTM program.  With the exception of chromium, the concentrations remain constant over time in 

each sampled well. Arsenic (Table E-6) and iron (Table E-11) are primarily detected in well CFD-

5 at the CFDOU.  The 2010 chromium concentrations presented in Table E-8 are an order of 

magnitude higher in all wells. The increase in chromium concentrations and the detected trace 

concentrations of mercury are likely attributed to lower laboratory reporting criteria being used 

during the 2008 and 2010 sampling events analytical work. The cobalt (Table E-9) and 

manganese (Table E-10) concentrations have remained consistent over time.  

 Lowess curves were generated for iron and manganese in wells CFD-3S (Tables E-12) 

and WP-2 (Table E-13). The iron and manganese concentrations in the southern part of the site 

are similar to other VOC-contaminated sites where reductive geochemical conditions are 

conducive to mobilizing metals that are ready electron accepters. At CFD-3S, both iron and 

manganese show an upward trend after the 2007 timeframe which coincides with the downward 

trends of the PCE and TCE Lowess curves. Scatter plots for CFD-3S were generated for 

manganese (Table E-10) and iron (Table E-11).  The detected concentrations of these metals 

show a slight increase in the post-2006 LTM sampling event data. These results seem to indicate 

that natural attenuation of the VOCs is occurring at CFD-3S, but the process is slow and cyclical 

in nature.  The 2010 redox levels reported for CFD-3S are positive (see Appendix A purge form 
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record); these levels indicate that site conditions at this well are not conducive to natural 

attenuation.  

 At WP-2, the Lowess curves (Table E-13) show a downward trend for iron and an 

upward trend for manganese. The manganese and cis-1,2-DCE scatter plots and Lowess curves 

for WP-2 seem to indicate that natural attenuation processes are occurring; however, the iron 

results are contradictory.  The 2010 redox levels reported for WP-2 are negative (see Appendix 

A) and indicate that site conditions are conducive to natural attenuation. 

 In conclusion, the VOC concentrations have decreased over time in downgradient wells, 

but the concentrations still remain higher than screening criteria. The groundwater trend analysis 

indicates that some natural attenuation is occurring, but the process is occurring quite slowly.  

The historical and current LTM results indicate that VOCs are not migrating off-site to potential 

receptors. VOC contamination remains contained at the site and land use controls prevent access 

to the groundwater.   

 With the exception of arsenic, the metal concentrations have remained consistent over 

time at the CFDOU and are likely attributed to background; this observation cannot be supported 

without regulatory approval of background levels for FGGM.  Oddly, arsenic concentrations are 

mostly non-detect throughout the site except at CFD-5 where it is detected above the MCL. Also, 

chromium, cobalt, iron, manganese, and mercury were detected above screening criteria at CFD-

5; therefore migration of metals to off-site receptors is possible. The groundwater measurement 

data still indicates that a positive vertical gradient and the potential of upward flow in the aquifer 

exist at the site. Therefore any dissolved constituents in the shallow groundwater are not likely to 

move to deeper intervals.  

4.4.3 IDW Characterization and Disposal 

 The water was not sampled, because it is considered IDW water with trace explosives 

(i.e., non-hazardous).  Purge water was placed in 55-gallon drums and was collected and will be 

disposed of by Potomac Environmental, Inc. All disposable sampling material including tubing 

and personal protective equipment was collected in trash bags and disposed of as directed by 

Post personnel. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 CONCLUSIONS 

 The 2010 sampling event has addressed the four objectives of the LTMP. Key 

observations include:  

 LTMP Objective 1: contaminant concentrations are not increasing over time. The 

scatter plots and Lowess curves indicate that the VOC concentrations are decreasing over 

time. The metal concentrations remain fairly constant over time at the CFDOU.  

 LTMP Objective 2: new constituents are not appearing. Generally the same group of 

analytes appears in the 2010 results as have been detected in previous rounds. The 

appearance of trace concentrations or increased concentrations of some metals (e.g., 

mercury and chromium) is attributed to the use of lower laboratory reporting criteria. 

 LTMP Objective 3: contaminants are not migrating to potential off-site receptors. 

No VOCs or metal concentrations were above comparison criteria at WP-6. No VOCs 

appear to be migrating off-site at CFD-5.  Oddly, arsenic concentrations are mostly non-

detect throughout the site except at CFD-5 where it is detected above the MCL. Also, 

chromium, cobalt, iron, manganese, and mercury were detected above screening criteria 

at CFD-5; therefore migration of metals to off-site receptors is possible. It is unknown if 

the metal concentrations can be attributed to background levels or site-related 

contamination. 

 LTMP Objective 4: metal concentrations are consistent with background levels in 

the Lower Patapsco aquifer. Background level screening was not performed in this 

report because of the level of uncertainty associated with the background data derived 

from a single sampling event (1996) in one well, ODAMW-6D.  Without screening 

results, this objective represents a data gap in the report. The scatter plot results indicate 

that most of the metal concentrations appear to be fairly constant over time; these 

conclusions are based on subjective visual evaluations. Upward temporal trends were not 

detected from the Mann-Kendall tests however sample sizes were too small to conduct 

reliable trend evaluations. Slight detections of some metals have occurred due to lower 
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laboratory reporting criteria. It is unknown whether the detected levels are consistent with 

background levels.    

 At this time several controls continue to protect human health by preventing exposure to 

potential receptors. Institutional controls established by the ROD restrict the use of groundwater 

at the site. Refuge policy does not make this site available to refuge visitors. Engineering 

controls include a concrete barrier on Boundary Road to prevent vehicular traffic entering the 

site from the north. Barricades on Wildlife Loop at the Little Patuxent River bridge discourage 

entry from the Patuxent Research Refuge. A locked gate secures the main entrance to the 

CFDOU from the established roads.  The Army plans to take further steps to document the site’s 

land use controls (see Section 5.2) and provide better protection of human health and the 

environment at the CFDOU.  

The well inspection revealed that the protective casings of most LTMP wells were in 

serviceable condition. The paint was faded on many well casings and the exterior well ID was 

difficult to read. Hinges were broken on CFD-1, CFD-2, CFD-3S, CFD-5, and should be 

considered for replacement.  

5.2  RECOMMENDATIONS 

 Constituents remain in the CFDOU groundwater at concentrations higher than MCLs,  

non-zero MCLGs; therefore, the following recommendations are made based upon the 2010 

groundwater sample results and the feedback received from stakeholders regarding the  CFDOU 

5-year review (URS, 2009):  

 Prepare an Explanation of Significant Difference (ESD) that will change the CFDOU 

remedy from “no further action with long-term monitoring” to “land use controls with 

long-term monitoring.” Use the ESD process to change the sampling frequency from 

biennial to annual. 

 Include sampling for monitored natural attenuation (MNA) parameters and VOC 

daughter products from the LTM wells in all future LTM events. 

 Install a new monitoring well (screened 60 to 70 feet mean sea level) down gradient from 

CFD-3S to better track vertical migration.   
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 Sample all existing CFDOU wells (both shallow and deep) for Resource Conservation 

and Recovery Act (RCRA) metals and VOCs as a supplemental effort to the LTM 

program (i.e., one-time event during the next planned LTM round) to 1) provide a better 

understanding of current site conditions, 2) identify potential background wells, 3) 

identify LTM program data gaps, and 3) revise the LTMP.  

 Discuss the background data gap issue with stakeholders to better determine whether 

metal concentrations at the CFDOU are attributed to background rather than site-related 

contamination. The supplemental sampling effort (see bullet above) will provide data for 

this discussion. 

 Collect an up gradient and down gradient surface water sample from the seep adjacent to 

CFD-5 and two samples from the Little Patuxent River - one upstream from where the 

tributary enters the Little Patuxent River and the other one downstream - to determine 

whether site-related metal concentrations (e.g., arsenic near CFD-5) are migrating off 

site. 

 

Table 5-1 presents the proposed 2011 sample analysis plan for the CFDOU. 
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APPENDIX C: 

LABORATORY RESULTS 
(CD only) 

[Due to the size of the appendix, the data are presented in electronic  

format only; see the compact disk (CD) included with this report.]
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3.3 Calibration

To obtain correct measurement values, the sensors need to be calibrated using standard

solution before measurement. You can select simultaneous auto calibration of the pH, COND

and TURB sensors in pH4 standard solution and DO and DEP sensors simultaneously in air,

or manual calibration of individual measurement parameters. You can check the result of the

previous calibration using the procedure on “ 3.5.4 Checking the calibration record ” (page

70).

Note

Wait at least 20 minutes after turning the system power ON before calibrating the DO sensor.

Make the DO and COND compensation settings before calibration since these settings are

applied during calibration.

You can select only the desired parameters for calibration and calibrate just those parameters

(see “ 3.2.4 Sensor selection ” (page 25)).

Use about 200 mL of standard solution in the calibration cup.

Calibration data is stored in the sensor probe.

3.3.1 Auto calibration

Tip

The following parameters are calibrated (at 25 C):

pH: Set to 4.01 (zero-point calibration); the span is adjusted to the factory default value.

COND: 0.449 S/m (4.49 mS/cm, span calibration); the zero point is adjusted to the factory default

value.

TURB: 0 NTU (zero-point calibration); the span is adjusted to the factory default value.

DO: 8.92 mg/L (span calibration); the zero point is adjusted to the factory default value.

DEP: 0 m (zero-point calibration); the zero point is adjusted to the factory default value.

If the air temperature changes, the readout value may not be stable. Ensure that the ambient air

temperature is the same temperature as the calibration solution, because the internal probe

temperature sensor and external temperature sensor (in the calibration solution) are used for the

auto calibration. Allow the probe and standard solution to equilibrate for 1 hour if a thermometer

is not available to verify that these temperatures are the same. 

Do not hold the probe while performing the auto calibration. Body temperature may elevate the

internal temperature sensor measurement creating DO calibration error. 

1. Remove the sensor guard and wash the sensor probe 2 or 3 times with deionized

water.

sensor guard
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2. Remove the transparent calibration cup.

3. Fill the transparent calibration cup to the line with pH 4 standard solution.

The transparent calibration cup has With TURB Measurement and Without TURB

Measurement gauge lines.

4. Press the control unit’s CAL key to set the calibration mode.

5. Press the down ( ) key to move the cursor to "Auto Calibration", then press the

ENTER key.

Transparent calibration cup

Without TURB Measurement gauge line

With TURB Measurement gauge line
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6. Immerse the sensor probe in the transparent calibration cup.

Check that the pH sensor, ORP sensor, reference electrode, COND sensor, TURB

sensor and temperature sensor are submerged in the pH 4 standard solution and

check that there are no air bubbles on the sensor.

7. With the sensor probe still in the transparent calibration cup, place the transparent

calibration cup into the black calibration cup.

Transparent calibration cup

Sensor probe

Black calibration cup

Transparent calibration cup

Sensor probe
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8. When all the sensor values have stabilized, press the ENTER key to start

calibration.

Note

Do not remove the sensor probe from the calibration solution. U-53 turbidity data will display “----”

until the calibration is completed.

Calibration is finished when the message "Cal complete. MEAS to measure." appears.

Press the MEAS key to set the measurement screen, then start measurement.

If a calibration error occurs, start calibration after first resolving the issue according to the

instructions in “ 4.6 Troubleshooting ” (page 89).

3.3.2 Manual calibration

The procedures below describe how to calibrate each sensor individually.

Note

The displayed units are the units set by selecting "Unit for report" in the "SETTINGS" screen.

Temperature (TEMP) calibration

1. Fill a bucket or similar container with water of a known temperature, and insert the

sensor probe in it.

Wait 5 minutes before starting calibration to allow the sensor probe temperature to

stabilize.

2. Press the control unit’s CAL key to set the calibration mode.

3. Press the down ( ) key to move the cursor to “Manual Calibration”, then press the

ENTER key.
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4. In the parameter selection screen, move the cursor to “Temp”, then press the

ENTER key.

5. Press the up ( ) and down ( ) keys to set the calibration value - the temperature of

the water containing the submerged sensor probe.

6. Check that “Measurement value” has stabilized, then press the ENTER key to start

calibration.

Calibration is finished when the message “Cal complete. CNT to measure.” appears.

pH calibration

Note

You can select one calibration point (zero-point calibration) or two calibration points (zero-point

calibration and span calibration). Carry out two calibration procedures to ensure good measurement

precision throughout all measurement ranges.

1. Calibrate the zero point. Wash the transparent calibration cup 2 or 3 times with

deionized water, then fill it to the reference line with pH 7 standard solution.

2. Wash the sensor probe 2 or 3 times in deionized water to remove any dirt, then

submerge the sensor probe in the transparent calibration cup.

3. Press the control unit’s CAL key to set the calibration mode.

4. Press the down ( ) key to move the cursor to "Manual Calibration", then press the

ENTER key.
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5. In the parameter selection screen, move the cursor to "pH", then press the ENTER

key.

6. Set the number of calibration points, then press the ENTER key.

7. Press the up ( ) and down ( ) keys to set the pH value of the pH 7 standard

solution containing the submerged sensor probe at the measurement temperature

8. Check that "Measurement value" has stabilized, then press the ENTER key to start

calibration.

Temp. ( C)
pH 4 standard solution

Phthalate

pH 7 standard solution

Neutral phosphate

pH 9 standard solution

Borate

0 4.01 6.98 9.46

5 4.01 6.95 9.39

10 4.00 6.92 9.33

15 4.00 6.90 9.27

20 4.00 6.88 9.22

25 4.01 6.86 9.18

30 4.01 6.85 9.14

35 4.02 6.84 9.10

40 4.03 6.84 9.07

45 4.04 6.84 9.04
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9. Press the ENTER key to start the span calibration procedure when the message

"Cal complete. Press ENT to Span cal." appears.

10. Wash the transparent calibration cup 2 or 3 times with deionized water, then fill it to

the reference line with pH 4 or pH 9 standard solution.

11. Wash the sensor probe 2 or 3 times in deionized water to remove any dirt, then

submerge the sensor probe in the transparent calibration cup.

12. Press the up ( ) and down ( ) keys to set the pH value of the pH 4 or pH 9

standard solution containing the submerged sensor probe at the measurement

temperature.

13. Check that "Measurement value" has stabilized, then press the ENTER key to start

calibration.

14. Calibration is finished when the message "Cal complete. ENT to manual cal menu."

appears. Press the ENTER key to return to the calibration parameter
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ORP calibration

Note

If the prepared ORP standard solution is left in open air for one hour or more, the solution may be

transformed. For this reason ORP standard solution cannot be stored.

Calibrate within one hour of preparing the solution.

When measuring sample with low concentrations of oxidants and reductants after conducting an

operational check using a standard substance, the measured values may not stabilize or the

results of measurement might not be repeatable. If this is the case, start the measurement after

immersing the sensors in the sample water sufficiently.

Note that when measuring the ORP of solution with extremely low concentrations of oxidants and

reductants, such as tap water, well water, or water treated with purifying equipment, there may be

less responsiveness, repeatability, and stability, in general.

When alkaline ion water is left for 5 minutes, its ORP undergoes changes significantly. Always

measure alkaline ion water promptly.

1. Fill a clean beaker with one bag of ORP standard powder No. 160-22 or No. 160-51.

Add 250 mL of deionized water and agitate the solution thoroughly (there will be

some excess quinhydrone (a black powder) that floats on the surface when

agitating the solution). Fill the transparent calibration cup to the reference line with

this standard solution.

2. Wash the sensor probe 2 or 3 times in deionized water to remove any dirt, then

submerge the sensor probe in the transparent calibration cup.

3. Press the control unit’s CAL key to set the calibration mode.

4. Press the down ( ) key to move the cursor to "Manual Calibration", then press the

ENTER key.

5. In the parameter selection screen, move the cursor to ORP, then press the ENTER

key.

6. Press the up ( ) and down ( ) keys to set the mV value of the ORP standard

solution containing the submerged sensor probe at the measurement temperature.
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Table 1  Indicated value of ORP standard solution at various temperatures (mV)

7. Check that "Measurement value" has stabilized, then press the ENTER key to start

calibration.

8. Calibration is finished when the message "Cal complete. ENT to manual cal menu."

appears. Press the ENTER key to return to the calibration parameter selection

screen.

Temperature 160-22 16051

5 +274 +112

10 +271 +107

15 +267 +101

20 +263 +95

25 +258 +89

30 +254 +83

35 +249 +76

40 +244 +69
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Conductivity (COND) calibration

Note

To support a wide range of sample concentrations, electrical conductivity is divided into three

measurement ranges: 0.0 mS/m to 99.9 mS/m, 0.090 S/m to 0.999 S/m, and 0.9 S/m to 9.99 S/m.

When manually calibrating conductivity, you can select two calibration points (one zero-point

calibration point and a span calibration point for one of the three measurement ranges) or four

calibration points (one zero-point calibration point and span calibration points for all three

measurement ranges). Carry out the four calibration points to ensure good measurement

precision throughout all measurement ranges.

Make the compensation setting before calibration since this setting is applied during calibration.

(Refer to “ 6.5.3 Temperature coefficient ” (page 104)).

1. Prepare the standard solution. Dry Potassium chloride (KCl) powder (high-grade

commercially available) at 105 C for two hours, and leave it to cool in a desiccator.

2. Consult the following table and weigh potassium chloride (KCl), then prepare three

standard potassium chloride (KCl) solutions following the procedure below.

3. Dissolve the weighed Potassium Chloride (KCl) in deionized water.

4. Put the dissolved Potassium Chloride (KCl) into a 1 L measuring flask, and fill to

the 1 L mark with deionized water.

5. Calibrate the zero point. Wash the sensor probe 2 or 3 times in deionized water to

remove any dirt, then remove all moisture from the sensor probe (it will be

calibrated in air).

6. Press the control unit’s CAL key to set the calibration mode.

7. Press the down ( ) key to move the cursor to "Manual Calibration", then press the

ENTER key.

Potassium 

chloride (KCl) 

standard 

solution

Conductivity 

(COND) value

Potassium chloride (KCl) 

mass (g) at solution 

temperature of 25 °C

Calibration range

0.005 mol/L
71.8 mS/m 

(0.718 mS/cm)
0.373

0.0 mS/m to 99.9 mS/m

(0.00 mS/cm to 0.999 mS/cm)

0.050 mol/L
0.667 S/m

(6.67 mS/cm)
3.73

0.090 S/m to 0.999 S/m

(1.00 mS/cm to 9.99 mS/cm)

0.500 mol/L
5.87 S/m

(58.7 mS/cm)
37.2

0.9 S/m to 9.99 S/m

(10.0 mS/cm to 99.9 mS/cm)
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8. In the parameter selection screen, move the cursor to “Cond”, then press the

ENTER key.

9. Set the number of calibration points, then press the ENTER key.

The instructions below assume that four calibration points have been set.

10. Press the up ( ) and down ( ) keys to set the "Cond" value to 0.0 mS/m (0.000 mS/

cm).

11. Check that "Measurement value" has stabilized, then press the ENTER key to start

calibration.

12. When the message "Cal complete. Press ENT to Span cal." appears, press the

ENTER key to start the first span calibration procedure.

13. Wash the transparent calibration cup 2 or 3 times with deionized water, then fill it to

the reference line with 71.8 mS/m (0.718 mS/cm) standard solution.

14. Wash the sensor probe 2 or 3 times in deionized water to remove any dirt, then

submerge the sensor probe in the transparent calibration cup.
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15. Press the up ( ) and down ( ) keys to set the "Cond" value to 71.8 mS/m (0.718

mS/cm).

Calibration range = 0 mS/m to 99.9 mS/m (0 mS/cm to 0.999 mS/cm)

16. Check that "Measurement value" has stabilized, then press the ENTER key to start

calibration.

17. When the message "Cal complete. Press ENT to Span cal." appears, press the

ENTER key to start the next span calibration procedure.

18. Wash the transparent calibration cup 2 or 3 times with deionized water, then fill it to

the reference line with 0.667 S/m (6.67 mS/cm) standard solution.

19. Wash the sensor probe 2 or 3 times in deionized water to remove any dirt, then

submerge the sensor probe in the transparent calibration cup.

20. Press the up ( ) and down ( ) keys to set the "Cond" value to 0.667 S/m (6.67 mS/

cm). 

Calibration range = 0.100 S/m to 0.999 S/m (1.00 mS/cm to 9.99 mS/cm)

21. Check that "Measurement value" has stabilized, then press the ENTER key to start

calibration.

22. When the message "Cal complete. Press ENT to Span cal." appears, press the

ENTER key to start the next span calibration procedure.
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23. Wash the transparent calibration cup 2 or 3 times with deionized water, then fill it to

the reference line with 5.87 S/m (58.7 mS/cm) standard solution.

24. Wash the sensor probe 2 or 3 times in deionized water to remove any dirt, then

submerge the sensor probe in the transparent calibration cup.

25. Press the up ( ) and down ( ) keys to set the "Cond" value to 5.87 S/m (58.7 mS/

cm). 

Calibration range =  1.00 S/m to 10.00 S/m(10.0 mS/cm  to 100.0 mS/cm)

26. Check that "Measurement value" has stabilized, then press the ENTER key to start

calibration.

27. Calibration is finished when the message "Cal complete. ENT to manual cal menu."

appears. Press the ENTER key to return to the calibration parameter selection

screen.



3 Basic Operation

52

Turbidity (TURB) calibration

Note

To support a wide range of sample concentrations, turbidity is divided into three measurement

ranges: 0.0 to 9.9 NTU, 10 to 100 NTU, and over 100 NTU.

When manually calibrating turbidity, you can select two calibration procedures (one zero-point

calibration procedure and a span calibration procedure for one of the three measurement

ranges), three calibration procedures (one zero-point calibration procedure and a span

calibration procedure for two of the three measurement ranges) or four calibration procedures

(one zero-point calibration procedure and span calibration procedures for all three measurement

ranges). Carry out the four calibration procedures to ensure good measurement precision

throughout all measurement ranges.

Always use the calibration cup provided. Using other containers can create effects from ambient

light that cause incorrect calibration.

Preparing the standard solutions

1. Weigh out 5.0 g of hydrazine sulfate (commercial special grade or above), and

dissolve it in 400 mL of deionized water. Dissolve 50 g of hexamethylene tetramine

(commercial special grade or above) in 400 mL of deionized water in anther flask. 

2. Mix the two solutions and add deionized water until the total solution volume is

1000 mL, and mix well. Store this solution at a temperature of 25 C ±3 C for 48

hours.

The turbidity value (TURB) of this solution is equivalent to 4000 NTU.

3. Dilute 4000 NTU-solution 5 times (use a pipette to measure 50 mL of the 4000 NTU

solution and pour it into a 250 mL measuring flask, and fill up to 250 mL meniscus)

The turbidity value (TURB) of this solution is equivalent to 800 NTU.

4. Dilute 800 NTU solution 10 times (use a pipette to measure 25 mL of the 800 NTU

solution and pour it into a 250 mL measuring flask, and fill up to 250 mL meniscus)

The turbidity value (TURB) of this solution is equivalent to 80 NTU.

5. Dilute 80 NTU solution 10 times (use a pipette to measure 25 mL of the 80 NTU

solution and pour it into a 250 mL measuring flask, and fill up to 250 mL meniscus)

The turbidity value (TURB) of this solution is equivalent to 8 NTU.

Note

Instead of the standard solutions above, you can use other standard solutions of known

concentration measured with other standard instruments.

U-52, U-53 turbidity calibration

Set the number of calibration points.

You can set between 2 and 4 points.

1. Press the control unit’s CAL key to set the calibration mode.

2. Press the down ( ) key to move the cursor to "Manual Calibration", then press the

ENTER key.
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3. In the parameter selection screen, move the cursor to "Turb", then press the

ENTER key.

4. Press the up ( ) and down ( ) keys to set the number of calibration points, then

press the ENTER key.

The instructions below assume that four calibration points have been set.

5. Calibrate the zero point. Wash the transparent calibration cup 2 or 3 times with

deionized water, then fill it to the reference line with deionized water.

6. Wash the sensor probe 2 or 3 times in deionized water to remove any dirt, then

submerge the sensor probe in the transparent calibration cup.

7. Press the up ( ) and down ( ) keys to set the "Turb" value to 0.0 NTU.

8. Check that "Measurement value" has stabilized, then press the ENTER key to start

calibration.
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9. When the message "Cal complete. Press ENT to Span cal." appears, press the

ENTER key to start the first span calibration procedure.

10. Wash the transparent calibration cup 2 or 3 times with deionized water, then fill it to

the reference line with 8 NTU standard solution, or a standard solution of known

concentration between 0.1 and 10 NTU.

11. Wash the sensor probe 2 or 3 times in deionized water to remove any dirt, then

submerge the sensor probe in the transparent calibration cup.

12. Press the up ( ) and down ( ) keys to set the "TURB" value to 8 NTU, or to the

known concentration of the standard solution between 0.1 and 10 NTU. (Input

range = 0 NTU to 9.9 NTU (U-51) or 0 NTU to 9.99 NTU (U-52))

13. Check that "Current measurement value" has stabilized, then press the ENTER key

to start calibration.

14. When the message "Cal complete. Press ENT to Span cal." appears, press the

ENTER key to start the next span calibration procedure.

15. Wash the transparent calibration cup 2 or 3 times with deionized water, then fill it to

the reference line with 80 NTU standard solution, or a standard solution of known

concentration between 10 and 100 NTU.

16. Wash the sensor probe 2 or 3 times in deionized water to remove any dirt, then

submerge the sensor probe in the transparent calibration cup.
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17. Press the up ( ) and down ( ) keys to set the "Turb" value to 80 NTU, or to the

known concentration of the standard solution between 10 and 100 NTU. (Input

range = 10.0 NTU to 99.9 NTU)

18. Check that "Measurement value" has stabilized, then press the ENTER key to start

calibration.

19. When the message "Cal complete. Press ENT to Span cal." appears, press the

ENTER key to start the next span calibration procedure.

20. Wash the transparent calibration cup 2 or 3 times with deionized water, then fill it to

the reference line with 800 NTU standard solution, or a standard solution of known

concentration 100 NTU above.

21. Wash the sensor probe 2 or 3 times in deionized water to remove any dirt, then

submerge the sensor probe in the transparent calibration cup.

22. Press the up ( ) and down ( ) keys to set the "TURB" value to 800 NTU, or to the

known concentration of the standard solution 100 NTU above. 

(Input range = 100 NTU to 800 NTU (U-51), 100 NTU to 1000 NTU (U-52))

23. Check that "Measurement value" has stabilized, then press the ENTER key to start

calibration.

24. Calibration is finished when the message "Cal complete. ENT to manual cal menu."

appears. Press the ENTER key to return to the calibration parameter selection

screen.
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Dissolved oxygen (DO) calibration

Note

You can select one calibration procedure (span calibration) or two calibration procedures (zero-

point calibration and span calibration). Carry out the two calibration procedures to ensure good

measurement precision throughout all measurement ranges.

It is necessary to prepare new solution before calibration of the Dissolved Oxygen (DO) sensor.

The calibration cup (included) cannot be used to manually calibrate the DO sensor. Use a
suitable bottle in which the DO sensor and the temperature sensor can be immersed.

Wait at least 20 minutes after turning the system power ON before calibrating the DO sensor.

Make the compensation setting before calibration since the setting is applied during calibration.

The DO sensor is affected by flow. When performing span calibration with saturated dissolved

oxygen water, move the cable slowly up and down (move the sensor probe at a rate of roughly 20

to 30 cm a second) or agitate the saturated dissolved oxygen water.

1. Prepare the standard solution.

Add about 50 g of sodium sulfite to 1000 mL of water (either deionized water or tap

water) and stir the mixture to dissolve the sodium sulfite in it.

Pour 1 to 2 liters of water into a suitable flask (either deionized water or tap water).
Using a air pump, feed air into the water and aerate the solution until oxygen is

saturated.

2. First, calibrate the zero point. Press the control unit’s CAL key to set the calibration

mode.

3. Press the down ( ) key to move the cursor to "Manual Calibration", then press the

ENTER key.

4. In the parameter selection screen, move the cursor to DO or DO%, then press the

ENTER key.

5. Set the number of calibration procedures, then press the ENTER key.

The instructions below assume that two calibration points have been set.
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6. Wash the sensor probe 2 or 3 times in deionized water to remove any dirt, then

submerge the sensor probe in the bottle.

7. Press the up ( ) and down ( ) keys to set the DO value to 0.00 mg/L or 0.0%.

8. Check that "Measurement value" has stabilized, then press the ENTER key to start

calibration.

9. When the message "Cal complete. Press ENT to Span cal." appears, press the

ENTER key to start the span calibration procedure.

10. Wash the sensor probe 2 or 3 times with deionized water to remove any dirt, then

submerge the sensor probe in the container filled with the span solution.

11. Press the up ( ) and down ( ) keys to set the DO value to the saturated dissolved

oxygen value (mg/L) of the water at that temperature or the dissolved oxygen

saturation ratio.

12. Check that "Measurement value" has stabilized, then press the ENTER key to start

calibration.

13. Calibration is finished when the message "Cal complete. ENT to manual cal menu."

appears. Press the ENTER key to return to the calibration parameter selection

screen.
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Amounts of saturated dissolved oxygen in water at various temperatures 

(salinity=0.0%)

JIS K0101

ISO5814

Temp. 

( C)
DO (mg/L)

Temp. 

( C)
DO (mg/L)

Temp. 

( C)
DO (mg/L)

Temp. 

( C)
DO (mg/L)

0 14.16

1 13.77 11 10.67 21 8.68 31 7.42

2 13.40 12 10.43 22 8.53 32 7.32

3 13.04 13 10.20 23 8.39 33 7.22

4 12.70 14 9.97 24 8.25 34 7.13

5 12.37 15 9.76 25 8.11 35 7.04

6 12.06 16 9.56 26 7.99 36 6.94

7 11.75 17 9.37 27 7.87 37 6.86

8 11.47 18 9.18 28 7.75 38 6.76

9 11.19 19 9.01 29 7.64 39 6.68

10 10.92 20 8.84 30 7.53 40 6.59

Temp. 

( C)
DO (mg/L)

Temp. 

( C)
DO (mg/L)

Temp. 

( C)
DO (mg/L)

0 14.62

1 14.22 11 11.03 21 8.91

2 13.83 12 10.78 22 8.74

3 13.46 13 10.54 23 8.58

4 13.11 14 10.31 24 8.42

5 12.77 15 10.08 25 8.26

6 12.45 16 9.87 26 8.11

7 12.14 17 9.66 27 7.97

8 11.84 18 9.47 28 7.83

9 11.56 19 9.28 29 7.69

10 11.29 20 9.09 30 7.56
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Span setting values for calibration in air 

The software should display these values when auto calibration is performed. 

Use this table to input values for manual span calibrations in air.

Tip

The DO measurement value of air-saturated water  and air are different. 
Due to the pressure difference against the membrane in air versus the membrane in water, the

measurement value in air is about 10% higher than the value of air-saturated water on average. 

Amounts of saturated dissolved oxygen in air at various temperatures

Following tables are applicable only to the air calibration of the U-50 DO sensor.  Do not use

them for other purpose.

Air calibration value in adopting evaluation based on JIS K0101

Air calibration value in adopting evaluation based on ISO5814

0 15.58

1 15.15 11 11.74 21 9.55 31 8.16

2 14.74 12 11.47 22 9.38 32 8.05

3 14.34 13 11.22 23 9.23 33 7.94

4 13.97 14 10.97 24 9.08 34 7.84

5 13.61 15 10.74 25 8.92 35 7.74

6 13.27 16 10.52 26 8.79 36 7.63

7 12.93 17 10.31 27 8.66 37 7.55

8 12.62 18 10.10 28 8.53 38 7.44

9 12.31 19 9.91 29 8.40 39 7.35

10 12.01 20 9.72 30 8.28 40 7.25

0 16.08

1 15.64 11 12.13 21 9.80

2 15.21 12 11.86 22 9.61

3 14.81 13 11.59 23 9.44

4 14.42 14 11.34 24 9.26

5 14.05 15 11.09 25 9.09

6 13.70 16 10.86 26 8.92

7 13.35 17 10.63 27 8.77

8 13.02 18 10.42 28 8.61

9 12.72 19 10.21 29 8.46

10 12.42 20 10.00 30 8.32
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Water depth (DEPTH) calibration

1. Calibrate the zero point. Wash the sensor probe 2 or 3 times in deionized water to

remove any dirt, then remove all moisture from the sensor probe (it will be

calibrated in air).

2. Press the control unit’s CAL key to set the calibration mode.

3. Press the down ( ) key to move the cursor to "Manual Calibration", then press the

ENTER key.

4. In the parameter selection screen, move the cursor to "Depth", then press the

ENTER key.

5. Press the up ( ) and down ( ) keys to set the "Depth" value to 0.00 m.

6. Check that "Measurement value" has stabilized, then press the ENTER key to start

calibration.

7. Calibration is finished when the message "Cal complete. ENT to manual cal menu."

appears. Press the ENTER key to return to the calibration parameter selection

screen.
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