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EXECUTIVE SUMMARY 

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

Term Monitoring Plan (LTMP) (USACE, 2003) for the former Ordnance Demolition Area 

(ODA) located at the Patuxent Research Refuge-North Tract (PRR-NT), Anne Arundel County, 

Maryland (MD).  

In 2009, the U.S. Environmental Protection Agency (EPA) reviewed the results of the 

long-term monitoring (LTM) program and the 2009 Revised Draft Proposed Plan for the ODA 

and determined that it was uncertain whether natural attenuation was occurring at the site. The 

EPA recommended the following changes to the ODA LTM program:  

 Add the daughter products, cis-1,2-dichloroethene (cis-1,2-DCE) and vinyl chloride to 

the list of volatile organic compounds (VOCs) monitored at the site.  

 Add additional suite of monitored natural attenuation (MNA) parameters to the LTM 

program to more effectively measure natural attenuation processes at the site. 

These modifications will be incorporated into the 2003 LTMP (USACE, 2003) which 

was written based upon the Draft ODA Proposed Plan (dated April 2003). The revised LTMP 

will specify the sampling frequency and analytical program necessary to assure the remedy is 

protective of human health and the environment.  

The U.S. Army is proposing the following Remedial Action Objectives (RAOs) for the 

ODA.  The RAOs consist of goals to achieve adequate protection of human health and the 

environment. These objectives can be achieved by preventing exposure (e.g., limiting access) as 

well as by reducing contaminant levels. The RAOs developed for the ODA are as follows:  

(1) To prevent human exposure to groundwater COPCs that exceed remedial goals 

established at levels that satisfy the National Oil and Hazardous Substances Pollution 

Contingency Plan (NCP) requirements for the protection of human health and the 

environment; 

(2) To clean up the groundwater above the Arundel Clay to numerical PRGs defined as 

maximum contaminant levels (MCLs) and non-zero maximum contaminant level goals 

(MCLGs) and to meet site-specific, risk-based remedial goals; 
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(3)  To mitigate risks associated with the disturbance of buried munitions and explosives of 

concern (MEC); and  

(4) To prevent groundwater migration of contaminants beyond the current monitoring 

network. 

The U.S. Army believes that the LTM program modifications will better address the 

groundwater RAOs 1, 2, and 4 for the ODA. The third RAO for the ODA is not addressed in this 

LTM report.  

Table ES-1 lists the ODA target analytes and their PRGs. Table ES-2 present the MNA 

parameters added to the ODA LTM program. Attainment of the PRGs completes the remedial 

action, a required component of site closure. During the monitoring phase of the remedial 

activity, statistical techniques are applied to identify significant concentration trends. 

Table ES-1:  Target Analytes for the ODA 

Analyte PRG1 

Select VOCs 

  cis-1,2-Dichloroethene (cis-1,2-DCE) 3 70 

  Chloroform 2 2 

  Tetrachloroethene (PCE) 3 5 

  Trichloroethene (TCE) 3  5 

  Vinyl Chloride 3 2 

Select Explosives and Explosive Degradation Products 

  Cyclotrimethylenetrinitramine (RDX) 2  20 

  2A46-trinitrotoluene (TNT) 2  3.4 

  2-amino-4,6-dinitrotoluene (2A46-DNT) 2  0.8 

  4-amino-2,6-dinitrotoluene (4A26-DNT) 2  0.8 

Metals 

  Cadmium (filtered) 3 5 

Note 1:  PRG in units of micrograms per liter (µg/L) 
Note 2: HHRA-derived values (USACE, 2002a) 
Note 3: federal MCLs (dated November 2010) 
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Table ES-2:  Additional MNA Parameters for the ODA 

MNA Parameters 
Soluble Manganese 

Iron1 

Ferric Iron1 

Ferrous Iron1 

Organic Carbon1 

Alkalinity 

Chloride2 

Nitrate-Nitrite 

Sulfate 

Sulfite 
1 total and dissolved 
2 total only 

 
Groundwater samples were collected during September 20 through 29, 2010 from eight 

monitoring wells at the ODA and analyzed for selected explosives (RDX, TNT, 2A46-DNT, and 

4A26-DNT),, VOCs (PCE, TCE, chloroform, cis-1,2-DCE, and vinyl chloride), cadmium, and 

MNA parameter data. All detections of explosives and VOCs were collected from the four wells 

within the demolition site berm. PCE was the only target analyte with one result above its PRG 

from well ODAMW-4.Statistical tools (Mann-Kendall tests, scatter plots, and Lowess curves) 

were used to evaluate the chemical data for concentration trends. A downward trend for PCE was 

evident at ODAMW-1, but no discernable trends for PCE were identified at the other demolition 

ground wells. Trace detections of daughter product cis-1,2DCE were reported at wells ODAMW-

1, ODAMW-2, and ODAMW-4.  No VOCs were detected at side gradient well ODAMW-5, up 

gradient well ODAMW-7, and down gradient wells ODAMW-10 and ODAMW-11.  Therefore, 

the VOC groundwater contamination remains within the demolition grounds at the ODA. 

The trend analysis reports downward trends for RDX at wells ODAMW-1, ODAMW-3, 

and ODAMW-4.  The detected results for RDX at the demolition grounds have remained at or 

below the PRG of 20 μg/L from 2006 to 2010.  Similar to the VOCs, the LTM results for RDX, 

2A24-DNT, and 4A26-DNT were all non-detect for side gradient well ODAMW-5, up gradient 

well ODAMW-7, and down gradient wells ODAMW-10 and ODAMW-11.  The LTM results 

were below the PRG (0.8 μg/L) for 2A24-DNT and 4A26-DNT since 2007 and 2008 LTM events, 

respectively. The LTM results for TNT were all below the PRG of 3.4 μg/L. 
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Dissolved cadmium was last reported above the PRG of 5 μg/L in 2007 at ODAMW-3. 

The trend analysis reports a downward trend for cadmium concentrations at the demolition ground 

wells ODAMW-1, ODAMW-2, ODAMW-4, and downgradient well ODAMW-10. The LTM 

program has reported trace detections of cadmium in all the ODA wells; the detections of cadmium 

are more likely attributed to background rather than site-related contamination, but this cannot be 

substantiated without stakeholder-approved background screening criteria. 

The 2010 well inspection revealed that all of the site wells are in serviceable condition, 

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

compromise security. The protective casings of most of the LTMP wells have faded paint and the 

exterior well identification (ID) was difficult to read. Extensive, fine root systems obstructed 

ODAMW-1 and ODAMW-2, but were removed prior to sampling.  The concrete pads at 

ODAMW-1 and ODAMW-3 are broken and should be considered for replacement.  

Because PCE remains in the groundwater at concentrations greater than its PRG it is 

appropriate to continue the annual monitoring at the site. VOCs, explosives, and cadmium are 

still detected primarily within the demolition grounds. More MNA data are needed to discern 

whether natural attenuation is occurring at the ODA and address EPA’s concerns regarding this 

issue. 

The Army plans to make the following recommendations to the stakeholders to revise the 

LTM program in accordance with the 2010 groundwater sample results and the feedback that the 

Army received from the stakeholders regarding the ODA Revised Draft Proposed Plan (USACE, 

2009): 

 Continue groundwater monitoring under the 2003 LTMP, but update the LTMP using the 

feedback from stakeholders from the previous Final 2009 LTM Report (USACE, 2010) 

and the Revised Draft Proposed Plan (USACE, 2009). 

 Continue sampling LTM wells for MNA parameters and VOC daughter products, as well 

as select Resource Conservation and Recovery Act (RCRA) metals and select explosives 

constituents in all future LTM events. 

 Sample all existing on-site shallow well locations for select explosives (RDX, TNT, 

2A46-DNT, and 4A26-DNT), a select RCRA metal (cadmium), and select VOCs (PCE, 
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TCE, Chloroform, cis-1,2-DCE, and vinyl chloride) as a supplemental effort to the LTM 

program (i.e., one-time event during the next planned LTM round) to 1) provide 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 ODA are attributed to background rather than site-related 

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

this discussion. 

 Install one shallow and one deep monitoring well (screened above the clay) proximate to 

where the seep and intermittent drainage intersect. These wells will 1) re-confirm that 

contamination has not migrated to the Middle Patapsco Confining Clay, and 2) assess 

potential shallow eastward contaminant migration toward the unnamed intermittent 

drainage. 

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

the unnamed intermittent drainage adjacent to ODAMW-4 (four total samples) to 

determine whether ODA groundwater contaminants are migrating off site. 
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1.0 INTRODUCTION 

The U.S. Army Corps of Engineers (USACE) contracted URS Group, Inc. (URS) under 

contract W912DR-09-D-D017, Delivery Order 0020, to perform the 2010 annual groundwater 

monitoring as provided in the Long-Term Monitoring Plan (LTMP) for the Ordnance Demolition 

Area (ODA), Patuxent Research Refuge-North Tract (PRR-NT), Anne Arundel County, 

Maryland (MD) (USACE, 2003). The LTMP is being implemented under the purview of the 

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

Maryland Department of the Environment (MDE).  

The ODA is located on the Fort George G. Meade (FGGM) Legacy Base Realignment 

and Closure (BRAC) property that was transferred in 1991 to the Department of Interior (DOI) 

and the U.S. Fish and Wildlife Service (FWS). This property, including the ODA, is 

administered by FWS as the Patuxent Research Refuge-North Tract (PRR-NT): a National 

Wildlife Refuge. However, the Army retained responsibility for environmental issues associated 

with the ODA site that predate the transfer to FWS.  

The Revised Draft Proposed Plan for the ODA site dated December 2009 describes the 

groundwater contamination at the site and presents the proposed remedy of “monitored natural 

attenuation (MNA) and land use controls (LUCs).” A Record of Decision (ROD) has not yet 

been written for the ODA. In response to the EPA’s feedback on the Revised Draft Proposed 

Plan, the Army is proposing the following Remedial Action Objectives (RAOs) for the ODA.  

The RAOs consist of goals to achieve adequate protection of human health and the environment. 

These objectives can be achieved by preventing exposure (e.g., limiting access) as well as by 

reducing contaminant levels. The RAOs developed for the ODA are as follows:  

(1) To prevent human exposure to groundwater COPCs that exceed remedial goals 

established at levels that satisfy the National Oil and Hazardous Substances Pollution 

Contingency Plan (NCP) requirements for the protection of human health and the 

environment; 

(2) To clean up the groundwater above the Arundel Clay to numerical PRGs defined as 

maximum contaminant levels (MCLs) and non-zero maximum contaminant level goals 

(MCLGs) and to meet site-specific, risk-based remedial goals; 
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(3)  To mitigate risks associated with the disturbance of buried munitions and explosives of 

concern (MEC); and  

(4) To prevent groundwater migration of contaminants beyond the current monitoring 

network. 

Because hazardous substances remain on-site above levels that allow for unlimited use 

and exposure, the ODA is reviewed every 5 years after initiating the remedial action to ensure 

that the remedy continues to be protective of human health and the environment. As a result of 

the 2009 5-year review cycle, the EPA recommended that the daughter products, cis-1,2-

dichloroethene (cis-1,2-DCE) and vinyl chloride, for tetrachloroethene (PCE) and 

trichloroethene (TCE) be added to the list of volatile organic compounds (VOCs) monitored at 

the site.  Also, the EPA recommended that an additional suite of MNA parameters be added to 

the 2010 sampling event to more effectively measure natural attenuation processes at the site. 

Based upon EPA’s recommendations, the Army modified the long-term monitoring 

(LTM) program to incorporate the VOC daughter products and additional MNA parameters into 

the 2010 LTM sampling event. These modifications will also be incorporated into the 2003 

LTMP (USACE, 2003) which was based upon the April 2003 Draft ODA Proposed Plan. The 

revised LTMP will specify the sampling frequency and analytical program necessary to assure 

the remedy is protective of human health and the environment. The Fort Meade Environmental 

Partnership believes that these modifications will better address the first two RAOs for the ODA. 

The Partnership has established PRGs for certain constituents that were found to drive 

elevated risk or hazard. The PRGs for the analytes at the ODA are listed in Table 1-1. Table 1-2 

lists the additional MNA parameters added to the LTMP in 2010 to more effectively measure the 

natural attenuation processes at the ODA. The Army is preparing a separate Proposed Plan and 

ROD to address potential UXO exposure for the 7,600-acre PRR-NT parcel, which includes the 

ODA site. These documents will address the third RAO and define the remedial actions and 

LUCs necessary to protect human health and the environment from UXO exposure at the site. 

Therefore, the third RAO for the ODA is not addressed in this LTM report.  

This LTM report presents the results of the 2010 annual groundwater sampling conducted 

September 20 through 29, 2010. 
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Table 1-1:  Target Analytes for the ODA 

Analyte PRG1 

Select VOCs 

  cis-1,2-Dichloroethene (cis-1,2-DCE) 3 70 

  Chloroform 2 2 

  Tetrachloroethene (PCE) 3 5 

  Trichloroethene (TCE) 3  5 

  Vinyl Chloride 3 2 

Select Explosives and Explosive Degradation Products 

  Cyclotrimethylenetrinitramine (RDX) 2  20 

  2A46-trinitrotoluene (TNT) 2  3.4 

  2-amino-4,6-dinitrotoluene (2A46-DNT) 2  0.8 

  4-amino-2,6-dinitrotoluene (4A26-DNT) 2  0.8 

Select Metals 

  Cadmium (filtered) 3 5 

Note 1:  PRG in units of micrograms per liter (µg/L) 
Note 2: HHRA-derived values (USACE, 2002a) 

Note 3: federal MCLs (dated November 2010) 
 
 

Table 1-2:  Additional MNA Parameters for the ODA 

MNA Parameters 
Soluble Manganese 

Iron1 

Ferric Iron1 

Ferrous Iron1 

Organic Carbon1 

Soil Organic Carbon 

Alkalinity 

Chloride2 

Nitrate-Nitrite 

Sulfate 

Sulfite 
1 total and dissolved 
2 total only 
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1.1 PURPOSE 

The purpose of the annual LTM is to meet the all RAOs, except the third, for the ODA. 

To do this, the LTM report documents the plume configuration (if applicable), measures the 

contaminant concentrations, determines if degradation is occurring, and derives the rate at which 

degradation is/is not occurring. The LTM program assesses the progress of the MNA remedy in 

reducing constituent concentrations to the PRGs. 

The current detections are evaluated to assess changes in concentrations over time, and to 

determine if the PRGs for each contaminant has been achieved. The PRGs in Table 1 are 

comparison criteria used to screen the chemical results. The PRGs for PCE, TCE, vinyl chloride, 

cis1,2-DCE, and cadmium are federal MCLs. The PRGs for chloroform, 

cyclotrimethylenetrinitramine (RDX), 2A46-trinitrotoluene (TNT), 2-amino-4,6-dinitrotoluene 

(2A46-DNT), and 4-amino-2,6-dinitrotoluene (4A26-DNT) were developed in conjunction with 

the 2002 RI report and human health risk assessment (HHRA) (USACE, 2002a). The LTM 

program will continue until compliance with the PRGs has been established. 

1.2 SAMPLING PROGRAM 

The Fort Meade Environmental Partnership has specified that the revised LTM program 

involves eight existing monitoring wells. Samples from each well were analyzed for the 

constituents identified in Table 1-1, which include five VOCs, four explosive and explosive 

degradation compounds, and cadmium (filtered). The data was used for contamination trend and 

analysis.  In addition to the historical analysis, the samples were also analyzed for the suite of 

MNA parameters listed in Table 1-2 and include nitrate/nitrite, ferric/ferrous iron, sulfate/sulfite, 

alkalinity, chloride, and total organic carbon, soil total organic carbon, and soluble manganese. 

Since 2010 is the initial sampling for these parameters, a trend analysis cannot be performed. 

The following parameters were measured in the field during the sampling program: dissolved 

oxygen (DO), reduction-oxidation potential (redox), pH, temperature, conductivity, and 

turbidity. To achieve dissolved results, metals and MNA parameter samples were filtered 

through an environmental 0.45 micron filter to remove possible residual turbidity from the 

aquifer prior to analysis. 
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During the 2010 sampling event, each well was inspected to assure the integrity and 

security of the sampling points and the representativeness of the sample. Deficiencies are 

reported within this annual LTM report. 

Table 1-3 identifies the eight monitoring wells relative to their positions at the ODA. 

Because the previous investigations found PRG exceedances only in the water table aquifer, the 

LTM program includes only wells screened at the water table. Three deeper wells near the ODA 

are screened in an interval below a Patapsco confining layer (Middle Patapsco Clay), and are 

therefore not included in the LTM program. 

Table 1-3:  Summary of Well Locations 

Well Location Well Identification 

On Demolition Ground Site 
ODAMW-1 ODAMW-2 
ODAMW-3 ODAMW-4 

Up gradient ODAMW-7 

Down gradient ODAMW-10 ODAMW-11 

Side gradient ODAMW-5 
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2.0 BACKGROUND 

2.1 SITE HISTORY 

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

approximately halfway between Washington, DC, and Baltimore, MD. The PRR 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, 2003). 

The southern portion of FGGM was previously used for various training activities and 

firing ranges. As a result of this history, the potential exists for unexploded ordnance (UXO) to 

be present. Therefore, all subsurface investigations on the property require screening for MEC to 

be implemented by Explosive Ordnance Disposal trained personnel. 

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

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

FWS, expanding the contiguous Patuxent Wildlife Research Center. The transferred acreage 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 regional map in Figure 2-1 shows the location of the PRR-NT 

and the ODA. 

The ODA covers approximately 2.5 acres in the southern portion of the PRR-NT 

property, in an otherwise undeveloped wooded area along Wildlife Loop Road (Figure 2-2). 

Beyond the cleared site the area is heavily forested and locally contains palustrine wetlands to 

the east and south. A Baltimore Gas and Electric Company power line right-of-way and the 
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Patuxent River are located approximately 700 feet (ft) and 2,000 ft, respectively, to the 

southwest of the ODA. 

The functional portion of the former ODA is bounded by inner and outer earthen berms 

erected as safety features to reduce the hazard from ejected debris. The inner berm surrounds the 

ordnance demolition pit, a feature approximately 40 by 80 ft that is predominantly filled with 

sand. The inner berm rises approximately 8 ft and is constructed of rubble and earthen material. 

The outer berm is a similarly constructed protective earthwork. The area between the inner and 

outer berms varies in width from about 50 to 200 ft and is typified by flat grass cover. 

The ODA was used for the demolition of known and potential UXO removed from 

FGGM and the PRR-NT parcel. No documentation exists for earlier activities at the ODA, but 

given the long history of training, it is possible that the site was used for demilitarization of 

obsolete and out-of-date rounds. Ordnance demolition occurred within the demolition pit. The 

explosive limit on ordnance was 5 pounds of explosives, including the amount of donor 

explosives necessary to detonate the rounds (USACE, 2002a). The ODA is currently inactive.  

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 (F), with a daily annual 
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maximum of 72F and a minimum of 45F. Annual temperature extremes vary from -6°F to 

101F (USACE, 2003).  

2.2.2 Topography 

The PRR-NT lies within the Coastal Plain physiographic province, which is characterized 

by broad, low-rolling uplands and low-gradient streams. The area includes the Patuxent River 

system and numerous tributary streams; fluvial processes have shaped a complex system of small 

ridges and ponds where the river repeatedly changed course, leaving cutoff meander and ox-bow 

lake features. The portion of the PRR-NT near the ODA has a shallow slope toward the 

southwest. 

2.2.3 Surface Water Hydrology 

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

primary drainage systems in Anne Arundel County (USACE, 2003). Several bodies of surface 

water are present within the PRR-NT, including the Patuxent and Little Patuxent Rivers, Midway 

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

Patuxent River receives drainage from numerous intermittent streams that emerge from the PRR-

NT, including an intermittent stream that drains the former ODA. 

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. 

Surface drainage at the ODA is controlled by an intermittent stream along the east side of 

the outer berm. Near the ODA this stream is in a confined channel approximately 2 ft wide. 

South of the ODA, this drainage becomes a perennial stream and ultimately discharges to the 

Patuxent River. During wet seasons, a seep flows from inside the ODA berm to discharge into 

the surface water system. 

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 
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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” after 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 consist of, from youngest to 

oldest, the Patapsco Formation, Arundel Clay, and Patuxent Formation, and have a total 

thickness of at least 600 ft at the PRR. The formations result from fluvial and lacustrine 

deposition and consist of interbedded sand, silt, and clay layers. The Patuxent Formation is 

exposed at the surface west of the PRR, the Arundel Clay crops out over the western portion of 

the PRR, and the Patapsco Formation crops out over the central and eastern portions of the PRR. 

Quaternary alluvium and river terrace deposits locally overlay the Potomac Group near the 

Patuxent and Little Patuxent Rivers (USACE, 2003). 

The ODA is situated on Quaternary alluvium, which is the local water table aquifer. The 

underlying Lower Patapsco sands and clays have been penetrated by three well borings near the 

ODA. Wells do not extend as deep as the Arundel Clay and the Patuxent aquifer. A cross section 

showing the general stratigraphy of the southern portion of the PRR-NT is shown in Figure 2-3. 

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, 

2005b). 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 regional groundwater flow is 

to the southeast, generally following the eastward structural dip. However, groundwater flow in 

the water table aquifer often mirrors the topography and can deviate significantly from the 

surface configuration. Some seasonal fluctuations locally influence flow direction, but the 

general flow is controlled by the Patuxent River, the Little Patuxent River, and the perennial 

streams that serve as “constant head” hydraulic boundaries. 
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2.2.5.2 Local Hydrogeology. Quaternary river terrace sands are present in this area and are 

the water table aquifer at the ODA. The terrace deposits cover the Lower Patapsco sediments, 

which crop out on much of the PRR, and which underlie the terrace deposits at the ODA. Earlier 

investigations that supported the remedial action for the water table aquifer also demonstrated 

that the Lower Patapsco aquifer is hydraulically isolated from the water table aquifer. Three 

hydrostratigraphic units of the Cretaceous Potomac Formation are present at the ODA: 

 The uppermost hydrostratigraphic unit consists of the locally preserved Quaternary 

alluvial and terrace deposits, which is the water table aquifer. This unit is composed of 

surficial sandy soils and reddish and reddish-yellow, well sorted, medium-grained, quartz 

sands. The Quaternary terrace deposits are of similar lithology and difficult to distinguish 

in boring cuttings from the underlying Patapsco. Groundwater is encountered at depths 

between the ground surface (at the seep) and about 10 ft below ground surface (bgs). The 

thickness of this unit ranges up to 40 ft at the ODA.  

 The Lower Patapsco sand is a confined aquifer in this area and consists of approximately 

190 to 230 ft of yellowish-orange to brown sand and lesser amounts of sandy gravel. This 

unit crops out a short distance west of the PRR where it is in recharge as the water table 

aquifer. Because previous investigations demonstrated this aquifer is isolated from the 

water table aquifer, the ODA LTMP did not provide for monitoring this interval 

(USACE, 2003). 

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

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

systems, including FGGM, and for facilities on the PRR-NT. Production comes from 

screens as deep as 800 ft bgs. 

Two clay intervals separate the Potomac Group aquifers: 

 The middle portion of the Patapsco Formation in this area consists of low-permeability 

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

interval, which is approximately 70 ft thick at the ODA, acts as a confining unit. The 

three deep monitoring wells at the ODA are screened in sand intervals within the middle 

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

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

should be encountered at approximately 300 ft bgs 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 ft.  

Slug tests were performed in 1996 on five shallow wells at the ODA (USACE, 1998a). 

The calculated hydraulic conductivities (K) of the sand matrix of the (unconfined) water table 

aquifer are in the 1 to 7 ft per day range, and the geometric means calculated between the rising 

and falling head tests are approximately 3 ft per day. This is consistent with published 

conductivities for unconsolidated sands or silty sands (Freeze and Cherry, 1979). A previously 

estimated hydraulic gradient (dh/dl) of the water table across the ODA, calculated from the head 

difference between wells ODAMW-3 and ODAMW-1, was approximately 0.008 ft to the 

southwest toward the Patuxent River. Assuming an average conductivity of 3 ft per day and a 

porosity (n) of 0.3, the average linear groundwater velocity (v) using the equation  

v = K × (dh/dl)/n 

was estimated to be approximately 0.08 ft per day, or approximately 30 ft per year.  

The direction of groundwater flow in the shallow aquifer follows topography and is 

generally to the south-southwest. Based on the results of previous studies, shallow groundwater 

is assumed to discharge to the Patuxent River. 

2.2.6 Groundwater and Surface Water Use 

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) The 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 

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 

Patuxent River within the PRR, which ultimately receives drainage from the ODA, is also 

designated as a Use I-P waterway. 
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The six FGGM production wells are screened between 500 and 800 ft bgs 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 ODA 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 ft below the surface (Russ Dyrland, Personal 

Communication). Water is supplied from wells at the athletic fields near the entrance at 

Maryland Route 198, at the Visitor Contact Center, and at the Environmental Education Center. 

No groundwater is extracted near the ODA. Records exist of three additional Patuxent wells that 

once served isolated facilities on the property, but these wells are not in service and are in 

unknown condition at this time. 

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 FIELD ACTIVITIES 

3.1 GROUNDWATER SAMPLING AND CHEMICAL ANALYSES 

Eight monitoring wells were sampled for the 2010 LTM event. The field procedures and 

instrument calibration procedures are described in Appendix A and the field notes are provided 

in Appendix B. Figure 3-1 illustrates the location of the eight water table wells that were 

sampled, and the three deeper wells that were not included in the LTMP. Figure 3-2 is a 

geological cross section through the ODA that illustrates the relative positions of the well screens 

to the water table. The locations of and sampling rationale for the eight wells sampled in 2010 

are described below. Construction details of these wells are listed in Table 3-1. 

 ODAMW-1: This shallow well is located southwest of the demolition pit and is 

between the inner and outer berms. 

 ODAMW-2: This shallow well is located just south of the road to the demolition pit and 

is between the inner and outer berms. 

 ODAMW-3: This shallow well is just east of the demolition pit and is between the inner 

and outer berms. 

 ODAMW-4: This shallow well is located just east of ODAMW-1 and north of the seep. 

It is also immediately down gradient of the demolition pit between the inner and outer 

berms. 

 ODAMW-5 and -7: The ODAMW-5 is a side gradient well and the ODAMW-7 is an 

up gradient well from the ODA. These wells provide background water quality 

information from locations unlikely to be affected by the site activity. 

 ODAMW-10 and -11:  These wells are located south-southwest and are hydraulically 

down gradient of the demolition pit along the main axis of the plume.  
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Table 3-1:  Monitoring Well Construction Details 

Well No. 

Well 
Depth  

(ft bgs)s 

Approx 
Screen 

Interval 
(ft bgs) 

Borehole 
Diameter 
(inches) 

Surface 
Protective 

Casing/Well and 
Screen Diameter 

(inches) 

Top of Filter 
Pack 

(ft bgs) 

Top of Casing 
Elevation 

(ft NAVD* 1988)

ODAMW-1 13.5 3.5-13.5 13 6/4 3 95.40 

ODAMW-2 14 4-14 13 6/4 3 97.45 

ODAMW-3 15 5-15 13 6/4 3.5 98.36 

ODAMW-4 12 2-12 12 6/4 1.5 94.72 

ODAMW-5 12 2-12 12 6/4 1.5 98.76 

ODAMW-7 19.5 9.5-19.5 12 6/4 6 102.82 

ODAMW-10 15 5-15 12 6/4 2.8 86.70 

ODAMW-11 15 5-15 12 6/4 2.8 77.81 

* NAVD = North American Vertical Datum; ft = feet; bgs = below ground surface 

 
The parameters specified in the LTMP and the EPA analytical methods for the 

groundwater samples and the quality control (QC) are listed in Table 3-2. The metals samples 

were filtered in the field at the time of collection.  

Table 3-2:  Sample Analyses/Analytical Method 
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Equipment Rise             

Trip Blanks              

(1) PCE, TCE, Chloroform, cis-1,2-DCE, and vinyl chloride 
(2) RDX, TNT, 2A46-DNT, 4A26-DNT 
(3) Filtered Sample 
(4) Duplicate Sample labeled “ODAMW-12” 
(5) Two samples taken, one filtered, one not filtered 
(6) Preparation Method as listed for the Analytical Method 
(7) Preparation Method SW-846 5030B 
(8) Preparation Method SW-846 3535 
(9) Preparation Method SW-846 3005A 
(10) Preparation Method SW-846 3010A 

 

The sample container specification, preservation, and hold times for the analyte are 

provided in Table 3-3. 

Table 3-3:  Sample Containers, Preservation Methods, and Hold Times 

Parameter Container Type Preservation 
Container 
Quantity Hold Time 

VOCs 
40-mL glass bottles with 
Teflon-lined septum cap 

HCl to pH <2 
Cool, 4 ± 2oC 

3 14 days 

Explosives 
1-liter amber glass bottles with 

Teflon-lined caps 
-- 2 7 days 

Cd & Mn 500-ml plastic bottle 
HNO3 to pH <2 
Cool, 4 ± 2oC 

1 6 months 

Nitrate/Nitrite 250-ml plastic bottle 
H2SO4 to PH<2 
Cool, 4 ± 2oC 

1 28 days 

Ferric/ferrous Iron 
(Filtered) 

250-ml plastic bottle 
HCl to pH <2 
Cool, 4 ± 2oC 

1 24 Hours 

Ferric/ferrous Iron 250-ml plastic bottle 
HCl to pH <2 
Cool, 4 ± 2oC 

1 24 Hours 

Iron (Filtered) 250-ml plastic bottle 
HNO3 to pH <2 
Cool, 4 ± 2oC 

1 6 months 

Iron 250-ml plastic bottle 
HCl to pH <2 
Cool, 4 ± 2oC 

1 6 months 

Sulfate, Alkalinity, and 
Total Chloride 

500-ml plastic bottle -- 1 28 days 
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Parameter Container Type Preservation 
Container 
Quantity Hold Time 

Sulfite -- -- 
Use Hatch 

Kit 
Immediate 

Total Organic Carbon 
40-mL glass bottles with 
Teflon-lined septum cap 

H2SO4 to PH<2 
Cool, 4 ± 2oC 

2 28 days 

Dissolved Organic 
Carbon 

40-mL glass bottles with 
Teflon-lined septum cap 

H2SO4 to PH<2 
Cool, 4 ± 2oC 

2 28 days 

 

Three monitoring wells at the site (ODAMW-6D, ODAMW-8D, and ODAMW-9D) 

examined deeper parts of the aquifer during the ODA RIs. These wells are screened at depths of 

greater than 80 ft bgs, in a Lower Patapsco confined aquifer that is isolated from the water table 

aquifer by Patapsco clay layers. The RIs determined that site-related contaminants are not 

detected in deeper groundwater therefore these deep wells were not incorporated into the LTMP. 

Because of the former ordnance activity at the site, all access paths to wells were swept 

by a certified UXO technician to mark avoidances. All personnel and vehicular movement was 

restricted to the cleared areas near the wells. Based upon the results of previous sampling events, 

all personnel worked with personal protection equipment at Level D with foot, hand, and eye 

protection. 

Groundwater sampling was conducted September 20 through 29, 2010 using the low-

flow sampling method (see Appendix A). Each well was first inspected for integrity and security, 

and deficiencies were recorded. As the well cap was opened, the head space was tested with a 

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

water level and measure the total depth of each well. The volume of the water in each well and 

the saturated annulus was calculated using the conversion of 0.65 gallons per foot of column in 

the 4-inch diameter wells, and an assumed 30 percent porosity for the sand in the annulus. 

Between wells the water level meter was rinsed in deionized water, scrubbed in a non-phosphate 

detergent solution, and rinsed in deionized water. Purging and sampling were accomplished 

using 12-volt submersible pumps and disposable polyethylene tubing. According to the 

procedures presented in section 3.0 of the LTMP, the submersible pump was decontaminated 

prior to each use. The pump was placed in the well with the inlet screen at the deeper of the 

midpoint of the well screen or the midpoint of the water column. In cases where non-dedicated 

sampling equipment was used (e.g., rental bladder pumps), the equipment was transported to the 
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decontamination pad and decontaminated according to procedures outlined in Appendix A, 

Section A.3. 

Low-flow purging was used at all the ODA wells with the pump delivering 

approximately 0.18 to 0.53 liter per minute (L/min) while maintaining a drawdown of less than 

one ft (approximately 0.3 ft in most cases) from the static level. Water level was monitored at 

ten-minute intervals during the purge.  

During the purge the physical parameters of pH, conductivity, temperature, dissolved 

oxygen, redox, and turbidity were measured using an in-line flow cell and recorded at 

approximately ten-minute intervals. Purging continued until parameters had stabilized which is 

defined as three successive readings 10 minutes apart in which the pH changes by less than 0.1 

pH unit; temperature changes less than 1F or less; and conductivity and turbidity change by less 

than 10 percent. Table 3-4 presents the final monitoring parameters for the ODA wells.  The 

purge records in Appendix D list the full suite of monitoring parameters. Purge water was 

containerized for future disposal (see Section 3.5). 

Table 3-4:  Final Monitoring Parameters 

Well ID pH 
Temperature 

oC 
Conductivity 
(µmohs/cm) 

DO 
(ppm) 

REDOX 
(mV) 

Turbidity 
(NTU) 

Drawdown 
(ft) Date 

ODAMW-1 4.47 19.58 0.089 5.75 341 7.6 0.06 09/22/2010 

ODAMW-2 4.39 18.97 0.066 6.76 109 68.3 0.06 09/28/2010 

ODAMW-3 5.86 21.15 0.112 <0.2 55 29.7 1.08 09/22/2010 

ODAMW-4 2.24 19.45 0.1 5.23 418 21 0.29 09/22/2010 

ODAMW-5 5.35 19.41 0.047 0.1 117 83.3 1.26 09/28/2010 

ODAMW-7 4.36 16.07 0.06 7.78 362 3.8 0.28 09/23/2010 

ODAMW-10 4.47 16.36 0.054 <0.2 325 1.3 0.28 09/21/2010 

ODAMW-11 4.36 21.14 0.045 1.34 258 90.1 0.17 09/23/2010 

Notes: 
DO = dissolved oxygen µmohs/cm = micro mohs per centimeter 
°F =degrees Celsius NTU = nephelometric turbidity unit 
mV = millivolt ppm = parts per million 
ft = feet 
 

Minimum volume is when at least one equivalent well volume of water has been 

evacuated from the well (if practicable) before a sample is collected and the before-mentioned 

water quality parameters have stabilized. This minimum purge volume requirement is stated in 

the 2003 ODA LTMP (USACE, 2003).  URS further defines practicality as a minimum of 1 hour 

of purge time. Turbidity failed to meet the ten percent criterion at ODAMW-1 and ODAMW-3. 
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This parameter frequently failed to meet the stabilization criterion in past sampling rounds. 

Although the ODA wells were carefully developed after installation and had been purged in 

previous sampling events, the river terrace sediments continue to release fine particles, even with 

the low-flow protocol. Because the metals samples were filtered prior to analysis, residual 

turbidity is expected not to influence the metals results. It is not known if the residual turbidity 

influences the concentrations of the organic compounds. Temperature did not meet the specified 

criteria at ODAMW-2, ODAMW-3, ODAMW-5, and ODAMW-11. The pH level did not meet 

the specified criteria at ODAMW-3. These anomalies were due to persistent minor temperature 

and pH fluctuations.  

Samples were collected in laboratory-supplied and appropriately pre-preserved bottles. 

All bottles were labeled with the sample identification (ID), sample date and time, analysis, 

preservative, and sampler. The samples that required filtering were passed through a 0.45-micron 

in-line filter prior to filling the pre-preserved bottle. QC samples include one field duplicate 

sample and daily trip blanks that traveled with the VOC samples. Samples were collected for the 

laboratory matrix spike and matrix spike duplicate (MS/MSD) analyses at the same wells as the 

field duplicates. All samples were placed in sealed, ice-filled coolers for shipment. 

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

“ODAMW-4.” For the QC samples, the codes appended to the sample IDs are FD for field 

duplicate, MS for matrix spike, and MSD for matrix spike duplicate. The equipment rinse was 

collected with sample ODAMW-2 as well as the duplicate, labeled ODAMW-12. One equipment 

blank was collected from the decontaminated submersible pump per the requirement of one 

blank per 20 environmental samples. The daily trip blanks accompany the VOC samples and 

were designated Test Blank. 

3.2 CHEMICAL ANALYSIS 

The samples were shipped under Chain of Custody (COC) protocol to three Test America 

Labs to meet the specified hold time associated with each parameter. The Test America Lab 

locations are Nashville, Tennessee, Pittsburgh, Pennsylvania, and St. Louis, Missouri. COC 

forms and the waybills are included in Appendix E. The laboratory sample results summary 

sheets and definitions for field and laboratory QC samples are provided in Appendix E. 
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3.3 CHEMICAL DATA VALIDATION/REVIEW 

URS performed a Level III validation of the chemical data to evaluate and assess the 

quality of the sample data and the data usability for its intended purpose. 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, cross-contamination of samples, 

etc. All the results were reported as useable, with some flags noted. The Validation Report is 

provided in Appendix F. 

3.4 DATA MANAGEMENT 

Field data generated under this project were recorded in a bound field log book (see 

Appendix B) and on well inspection logs and purge and sampling forms provided in Appendices 

C and D, respectively. Chemical data were supplied by the laboratory in hardcopy and electronic 

formats as laboratory reports; the electronic copy is provided in Appendix E.  

3.5 INVESTIGATION-DERIVED WASTE 

Purge water was collected and stored in 55-gallon drums that will be collected and 

disposed of by Potomac Environmental, Inc. The water will not be sampled; 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 will be disposed of as directed by Post personnel. 
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4.0 RESULTS 

This section presents the results of the 2010 LTM fieldwork activities and analyses 

conducted as discussed in Section 3.0. The results are from activities that included well 

inspection, groundwater level measurements, groundwater sampling/chemical analyses, and 

statistical analyses. Historical chemical results are also provided in tabular form and are analyzed 

with the 2010 data in the trend analysis section. 

4.1 WELL INSPECTION 

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

during the sampling event. The inspection revealed that all of the 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. Extensive, fine root systems obstructed ODAMW-1 and 

ODAMW-2, but were removed prior to sampling.  The concrete pads at ODAMW-1 and 

ODAMW-3 are broken and should be considered for replacement. Table 4-1 presents a summary 

of the deficiencies discovered during the inspection. The well inspection logs are included in 

Appendix C. 

Table 4-1: Well Inspection Results 

Well ID Concrete Pad 
Casing  
Paint 

Well ID 
Legible 

Well Permit 
Tag Present 

Additional Notes 

ODAMW-1 Cracked Faded No Yes Roots in well 

ODAMW-2 Intact Faded No Yes Roots in well 

ODAMW-3 Cracked Faded No Yes -- 

ODAMW-4 Intact OK Yes Yes Ant infestation 

ODAMW-5 Intact Faded Yes Yes Rusted casing 

ODAMW-6D Intact OK No Yes Rusted casing 

ODAMW-7 Intact OK Yes Yes Rusted casing 

ODAMW-8D Intact OK Yes Yes -- 

ODAMW-9D Intact Faded Yes Yes Rusted casing 

ODAMW-10 Gravel pad OK Yes Yes -- 

ODAMW-11 Intact Faded Yes No Rusted casing 
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4.2 HYDROLOGICAL RESULTS 

Table 4-2 presents the static water levels measured on September 20, 2010. These 

elevations were used to produce the water level contour map presented in Figure 4-1. The 

groundwater flow at the ODA is to the south toward the Patuxent River. 

Table 4-2:  ODA Groundwater Elevations, September 20, 2010 

Well ID 

Top of Casing 
(TOC) Elevation1 

(ft) 

Depth to 
Water 

(ft, TOC2) 

Groundwater 
Elevation1 

(ft) 

Depth to Top 
of Screen 
(ft, TOC2) 

Height of Water 
Above Top of 

Screen (ft) 

ODAMW-1 95.40 8.28 87.12 5.38 -2.90 

ODAMW-2 97.45 10.73 86.72 5.92 -4.81 

ODAMW-3 98.36 9.55 88.81 7.04 -2.51 

ODAMW-4 94.72 6.98 87.74 4.28 -2.70 

ODAMW-5 98.76 11.87 86.89 4.25 -7.62 

ODAMW-7 102.82 15.00 87.82 12.37 -2.63 

ODAMW-10 86.70 11.93 74.77 7.27 -4.66 

ODAMW-11 77.81 4.61 73.20 7.08 2.47 

 Notes 1Elevation relative to Mean Sea Level NAVD 1988. 

              2Depth measured below top of casing (TOC) 

The horizontal gradient between wells ODAMW-3 and ODAMW-4 is approximately 

0.0054 ft per foot. Assuming the porosity of the terrace sediment is 30 percent and hydraulic 

conductivity is on the order of 3 ft per day, the horizontal groundwater velocity beneath the site 

is approximately 0.054 ft per day, or 19.5 ft per year to the southwest. This is similar to the 

velocity reported in Section 2.2.5.2 using historic data. 

The water table elevation relative to the well screen is revealed in the calculation of the 

height of the water above the top of the screen in Table 4-2. A positive result indicates the entire 

screen is in the saturated aquifer; a negative result indicates the screen straddles the water table 

and the vadose zone is exposed to the screen. At the time of the water level measurements, 

groundwater elevations were below the top of the screen in all wells except ODAMW-11.  

4.3 CHEMICAL RESULTS 

This section reviews the analytical results for the 2010 monitoring. The detections for the 

original parameters are compared to the PRGs identified in the 2002 RI Report and human health 

risk assessment (USACE, 2002a) and reviewed with the historic data to assess the progress 

toward the long-term goal of attenuation to the PRGs by natural attenuation. In addition, the 
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preliminary data for the new suite of analytes are presented. Since this is the first year of MNA 

parameter sampling, a trend analysis cannot be performed.  

4.3.1 Detections 

The chemical results for the 2010 monitoring are presented in Table 4-3. The PRGs for 

each analyte and the laboratory’s reporting limits (RLs) and method detection limits (MDLs) are 

included in this table. All concentrations reported greater than the Reporting Limit (RL) are 

considered detections; trace detections, concentrations reported greater than the MDL and below 

the RL have the laboratory qualifier “J” to indicate the concentrations are considered to be only 

approximate. The shaded boxes indicate concentrations that are above PRGs. Figure 4-2 shows 

the location of results that were above PRGs.  

4.3.2 PRG Exceedances 

 VOCs: Only one detected result (14 µg/L at OWAMW-4) for PCE was above its PRG. 

The other VOCs were either non-detect (e.g., chloroform and vinyl chloride) or the 

detections were below PRGs. No VOCs were detected in side gradient well ODAMW-5 

and up gradient well ODAMW-7. 

 Explosives and Explosive Degradation Products: None. 

 Metals: None. 

4.4 CHEMICAL EVALUATION 

This section examines the chemical results to evaluate the present site conditions and 

assess the progress of natural attenuation toward the goals of the PRGs. 

4.4.1 MNA Parameter Evaluation 

The 2010 sampling event marks the beginning of collecting the additional MNA 

parameters identified in Table 4-3. The MNA parameter data collected at the ODA will be used 

to access evidence of the reductive dechlorination of VOCs such as PCE and TCE. However, the 

likelihood of ODA VOCs inducing any geochemical reactions in the site groundwater is 

diminished by the extremely low groundwater VOC concentrations. Contaminant biodegradation 

is largely based upon microbial respiration. In respiration, microbes gain energy from the 
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consumption (oxidation) of electron donors coupled to the utilization (reduction) of electron 

acceptors. Contaminants will either serve as electron donors or electron acceptors. In general, 

rates of biodegradation follow an order of favorable electron acceptor availability: oxygen (O2) 

>manganese (Mn4+) >nitrate (NO3
-) >ferric iron (Fe3+) > sulfate (SO4

2-) >carbon dioxide (CO2).  

Thus, the indicators of anaerobic degradation include total organic carbon (TOC), DO, 

ferric/ferrous iron, sulfate/sulfite, nitrate/nitrite, magnesium, methane, alkalinity, chloride, and 

redox.  The indicators do not directly demonstrate that contaminant degradation is occurring, but 

provide weight of evidence of whether geochemical conditions in the aquifer are conducive to 

biodegradation.   

Theoretically, as the oxygen is depleted during aerobic biotransformation of organic 

chemicals, an anaerobic environment is created.  Under anaerobic conditions, iron (used as an 

indicator) is reduced from ferric iron (Fe3+), generally insoluble and stable under naturally 

oxygenated groundwater conditions, to ferrous iron (Fe2+), which is more soluble in reduced 

groundwater conditions.  

At the ODA, the DO levels reported in Table 3-4 are greater than 1 parts per million 

(ppm) except for wells ODAMW-3 and ODAMW-10; typically, low DO (less than 1 ppm) 

indicates that the oxygen is being consumed via aerobic biodegradation of the VOCs. The 2010 

redox levels for all the wells are positive values, ranging from 55 to 418 mV. Theoretically, 

aerobic degradative activity occurs at a highly positive redox potential, while anaerobic 

microbial processes such as methanogenesis (methane levels) and sulfate reduction will occur at 

strongly negative redox potentials. However, factors other than microbial activity can induce the 

low redox potential. 

In general, high TOC levels indicate a robust anaerobic environment. As noted in Table 

4-3, the dissolved TOC levels are low, ranging from 1.4 to 6.5 mg/L which is consistent with the 

very low VOC concentrations detected at the ODA. The soil TOC result was 31,100 mg/kg. 

4.4.2 Current Groundwater Quality 

The 2010 results show that only PCE was detected above its PRG; this exceedance was 

from ODAMW-4, which is located within the berm area of the site. With the exception of one 

trace concentration of cadmium (0.41 J µg/L) in up gradient well ODAMW-7, all the 2010 LTM 



4-8 

event detections were from wells located inside the formerly active bermed area. In the previous 

2009 LTM report (USACE, 2010), PCE was detected above its PRG in wells ODAMW-1 (8.4 

µg/L), ODAMW-3 (7.9 µg/L), and ODAMW-4 (7.9 µg/L). The detections in well ODAMW-1 

and ODAMW-3 were “J”-flagged, indicating the detection is an estimated value. TCE was also 

detected in the same well as PCE, but all the results were below the PRG of 5 µg/L. The TCE 

detections in ODAMW-1 and ODAMW-3 were also “J”-flagged. 

For the 2010 LTM event, the detected concentrations for the other VOCs, the explosives, 

and cadmium remained below the PRGs. TCE was positively detected at ODAMW-4 (1.6 µg/L) 

and ODAMW-3 (1 µg/L). The remaining 2010 detected results were “J-flagged” indicating that 

the concentrations were estimated. 

4.4.3 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 determine if degradation is occurring. Table 4-4 presents 

the historic and current results for the ODA.  

The ODA 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 available at http://vsp.pnl.gov/.  

The VSP is a software tool developed by Pacific Northwest National Laboratory for the 

Department of Energy – Office of Health, Safety, and Security. 

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

the detection (reporting) limit even though the detection limit 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 reported detection limit 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 trend is based on random 

fluctuations (e.g., <5%), then the trend is considered to be statistically significant. Conversely, if 
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4-11 

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 down gradient wells.  These Lowess 

curves are presented in Appendix G. 

Table 4-5 presents the statistical trend analysis that was performed using the previous 8 

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

Earlier site data (1993 through 2001) 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 

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

Kendall statistical results when all the available groundwater data were used. The trend analysis 

was conducted using one round of sample data collected in May 2002 (USACE, 2002b) and the 

2003 through 2010 LTM program data.  

As shown in Table 4-5, the Mann-Kendall statistical analysis indicated an upward trend for 

TNT at ODAMW-1; downward trends for RDX, PCE, TCE, and cadmium at ODAMW-1; 

downward trends for cadmium at ODAMW-2, ODAMW-4, and ODAMW-10; and a downward 

trend for RDX at ODAMW-4. Otherwise, the Mann-Kendall statistical analysis reported “no 

trend” for the remaining results.  To clarify possible trends, scatter plots were generated to visually 

examine the detected concentrations for the ODA LTM program. Appendix G presents the scatter 

plot and Lowess curve results.  

Tables G-1 through G-3 in Appendix G show the scatter plot results for PCE and TCE at 

wells ODAMW-1, ODAMW-3, and ODAMW-4, respectively. The LTM results for PCE and TCE 

were all non-detect at ODAMW-2. In Table G-1, the TCE concentrations range from 0.45 to 1.6 

μg/L and were all below the PRG of 5 μg/L. Even though the PCE concentrations fluctuate above 

the PRG during the 2006 through 2009 LTM events, the concentrations are generally decreasing 

and support the Mann-Kendall statistical results of a downward trend.   

The PCE and TCE concentration lines generally have matching fluctuations for ODAMW-

3 (See Table G-2) and ODAMW-4 (Table G-3). The TCE concentrations fluctuate closely around 

the PRG level at both wells. High PCE concentrations (60 μg/L and 39 μg/L, respectively) were 

reported during the 2007 LTM event for both wells.  The Mann-Kendall results in Table 4-5 
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indicate “no trend” for PCE and TCE at ODAMW-3 and ODAMW-4.  The Lowess curve for PCE 

at ODAMW-4 begins and ends with the concentration of 11 μg/L, also indicating “no trend.”  

The scatter plot for RDX (see Table G-4 in Appendix G) indicates a downward trend in 

concentrations for wells ODAMW-1, ODAMW-3, and ODAMW-4; the Mann-Kendall statistical 

results support this conclusion. The RDX results for ODAMW-2 tend to fluctuate between 1.2 and 

10 μg/L; no discernable trend is apparent.  RDX was not detected from 2003 through 2010 in wells 

ODAMW-5, ODAMW-7, ODAMW-10, and ODAMW-11. 

The other explosives (2A24-DNT, 4A26-DNT, and TNT) scatter plots are presented in 

Tables G-5 (ODAMW-1) and G-6 (ODAMW-4) in Appendix G.  The Mann-Kendall statistical 

results indicate an upward trend for TNT at well ODAMW-1.  However, the detected 

concentrations for TNT range from 0.2 to 0.5 μg/L during July 2003 to July 2004 of the LTM 

program; from 2005 to 2010, no detections of TNT are reported. All the LTM program results for 

TNT are below the PRG of 3.4 μg/L.  The Mann-Kendall results for 2A24-DNT and 4A26-DNT 

report “no trend” for wells ODAMW-1 and ODAMW-4. At ODAMW-4, the detected results for 

both explosives remain below the PRG of 0.8 μg/L from 2006 to 2010.  

As shown in Table G-7, cadmium concentrations exceed its PRG at wells ODAMW-3 and 

ODAMW-4.  The Mann-Kendall statistical results report a downward trend for cadmium at wells 

ODAMW-1, ODAMW-2, ODAMW-4, and ODAMW-10.  The Mann-Kendall results show no 

trend for cadmium at ODAMW-3 and the scatter plot results in Table G-7 support the Mann-

Kendall results. 

In conclusion, PCE remains a VOC of concern at the ODA. PCE was detected above its 

PRG at well ODAMW-4.  The Mann-Kendall analysis indicated a downward trend for PCE at 

ODAMW-1, but “no trend” was reported for the other wells. Trace detections of daughter product 

cis-1,2DCE were reported at wells ODAMW-1, ODAMW-2, ODAMW-4.  No VOCs were 

detected at side gradient well ODAMW-5, up gradient well ODAMW-7, and down gradient wells 

ODAMW-10 and ODAMW-11.  Therefore, the VOC groundwater contamination remains within 

the demolition grounds at the ODA. 

The trend analysis reports downward trends for RDX at wells ODAMW-1, ODAMW-3, 

and ODAMW-4.  The detected results for RDX at the demolition grounds have remained at or 

below the PRG of 20 μg/L from 2006 to 2010.  Similar to the VOCs, the LTM results for RDX, 
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2A24-DNT, and 4A26-DNT were all non-detect for side gradient well ODAMW-5, up gradient 

well ODAMW-7, and down gradient wells ODAMW-10 and ODAMW-11.  The LTM results 

were below the PRG of 0.8 μg/L for 2A24-DNT and 4A26-DNT since the 2007 and 2008 LTM 

events, respectively. The LTM results for TNT were all below its PRG of 3.4 μg/L. 

Dissolved cadmium was last reported above the PRG of 5 μg/L in 2007 at ODAMW-3. 

The Mann-Kendall analysis reports a downward trend for cadmium concentrations at the 

demolition ground wells ODAMW-1, ODAMW-2, ODAMW-4, and downgradient well 

ODAMW-10. The LTM program has reported trace concentrations of cadmium in all the ODA 

wells; the detections of cadmium are more likely attributed to background rather than site-related 

contamination, but this cannot be substantiated without stakeholder-approved background 

screening criteria. 

4.4.4 IDW Characterization and Disposal 

As noted in Section 3.5, the purge water was not sampled; it is considered to be IDW 

water with trace explosives (i.e., not hazardous).  The 55-gallon drums containing the purge 

water will be collected and 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 groundwater RAOs developed for the ODA are as follows:  

(1) To prevent human exposure to groundwater COPCs that exceed remedial goals 

established at levels that satisfy the NCP requirements for the protection of 

human health and the environment. Only PCE was detected above its PRG for the 

2010 LTM event.  The other VOCs, explosives, and cadmium detections were below 

PRGs.  

(2) To clean up the groundwater above the Arundel Clay to numerical PRGs defined 

as MCLs and non-zero MCLGs and to meet site-specific, risk-based remedial 

goals. The groundwater trend analyses indicate that RDX and cadmium concentrations 

are decreasing.  Additional MNA parameters were collected during the 2010 LTM 

event to better evaluate whether contaminant concentrations are naturally attenuating at 

the site.  However, more MNA data are needed to discern any natural attenuation 

trends. Meanwhile, LUCs are used to prevent unlimited groundwater exposure at the 

ODA. The Army plans to write a LUCIP to formalize the LUCs at the site.  

(3) To prevent groundwater migration of contaminants beyond the current monitoring 

network. The site contamination remains primarily within the demolition grounds. There 

is no evidence of off-site migration of contamination. 

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

serviceable condition, but the paint was faded on many well casings and the exterior well ID was 

difficult to read. Extensive, fine root systems obstructed ODAMW-1 and ODAMW-2, but were 

removed prior to sampling.  The concrete pads at ODAMW-1 and ODAMW-3 are broken and 

should be considered for replacement.  

Because PCE remains in the groundwater at concentrations greater than its PRG it is 

appropriate to continue the annual monitoring at the site. VOC, explosives, and cadmium are still 

detected primarily within the demolition grounds of the site. More MNA data are needed to 

discern whether natural attenuation is occurring at the ODA and address EPA’s concerns 

regarding this issue.  
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5.2 RECOMMENDATIONS 

 Constituents remain in the ODA groundwater at concentrations higher than the PRGs 

therefore the following recommendations are made to ensure that the remedy continues to be 

protective of human health and the environment and meets the RAOs:   

 Continue groundwater monitoring under the LTMP, but update the LTMP using the 

feedback from stakeholders from previous ODA LTM Report (USACE, 2010) and the 

Revised Draft Proposed Plan (USACE, 2009).  

 Continue sampling the eight LTM wells (ODAMW-1, ODAMW-2, ODAMW-3, 

ODAMW-4, ODAMW-5, ODAMW-7, ODAMW-10, and ODAMW-11) for MNA 

parameters in future LTM events. 

 Sample all locations in the existing LTM network for selected explosives (RDX, TNT, 

2A46-DNT, and 4A26-DNT), a select RCRA metal (cadmium), and selected VOCs 

(PCE, TCE, Chloroform, cis-1,2-DCE, and vinyl chloride) as a supplemental effort to the 

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

present day data, 2) identify potential background wells, 3) identify LTM program data 

gaps, and 3) revise the LTMP.  

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

whether metal concentrations at the ODA are attributed to background rather than site-

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

data for this discussion. 

 Install a well, one shallow (screened at the same depth as ODAMW-4) and one deep 

monitoring well (screened above the clay) proximate to where the seep and intermittent 

drainage intersect. These wells will 1) re-confirm that contamination has not penetrated 

the surficial sands and penetrated to the top of the Middle Patapsco Confining Clay, and 

2) assess potential shallow eastward contaminant migration toward the unnamed 

intermittent drainage.   

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

the unnamed intermittent drainage adjacent to ODAMW-4 (four total samples) to 

determine whether ODA groundwater contaminants are migrating off site. 
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A.1 SAMPLE CONTAINERS, PACKING, AND SHIPMENT 

Table A-1 provides information on the number and type of sample containers that will be 
used for each type of laboratory analysis.  Table A-1 also presents sample preservation and 
holding times information.  

Table A-1:  Summary of Sample Containment and Preservation for Groundwater Samples 

Parameter 

Sample 

Container 

Quantity 

Sample Container Type 
Preservation 

Methods 

Holding 

Times 

VOCs 3 
40-mL, amber glass vials, 

Teflon-lined septum cap 

HCl to pH<2 

Cool, 42C 
14 days 

SVOCs 2 
1-liter, narrow-mouth amber 

glass, Teflon-lined cap 
Cool, 42C 

Extraction: 7 days 

Analysis: 40 days 

Metals 1 1-liter, polyethylene bottle 
HNO3  to pH<2 

Cool, 42C 

6 months, except Hg

Hg - 28 days 

PAHs 1 
1-liter, narrow-mouth amber 

glass, Teflon-lined cap 
Cool, 42C 7 days 

Explosives 2 
1-liter, narrow-mouth amber 

glass, Teflon-lined cap 
Cool, 42C 7 days 

 

Legend 

HCl: Hydrochloric Acid SVOC: Semivolatile Organic Compound 

Hg: Mercury VOC: Volatile Organic Compound 

HNO3: Nitric Acid PAH: Polycyclic Aromatic Hydrocarbon 

 

 

Preparations for sample shipment include: 

1. The cap tightness will be checked and clear tape will be placed over the label, 

completely encircling the container; 

2. Each sample container will be wrapped in bubble wrap or closed cell foam sheets; 

and 

3. Each sample container will be enclosed in a clear zip seal plastic bag. 
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Subsequently, the following procedures will be followed: 

1. Several layers of bubble wrap will be placed on the bottom of the cooler.  The cooler 

will be lined with an open garbage bag, all samples will be placed upright inside the 

garbage bag, and the bag will be tied.  A temperature blank will be placed in each 

cooler to monitor internal temperature. 

2. Loose ice will be double-bagged and sealed to prevent melting ice from soaking the 

packing material.  The ice will be placed outside the garbage bag containing the 

samples. 

3. Appropriate sample documentation [i.e., Chain-of-Custody (COC) forms] will be 

placed in a waterproof plastic bag (zip seal bag), and the bag will be taped to the 

underside of the cooler lid.  When more than one cooler is used, each cooler will 

include its own documentation. 

4. Each cooler will be sealed with signed and dated custody seals so that if the cooler is 

opened, the custody seal will be broken.  Clear tape will be placed over the custody 

seal to prevent damage to the seal. 

5. Each cooler will be taped shut with packing tape over the hinges, and tape will be 

placed over the cooler drain in instances when the cooler has a drain plug. 

6. Coolers will be shipped via overnight delivery on the same day the samples are 

collected. 

A.2 LOW-FLOW GROUNDWATER SAMPLING 

The groundwater monitoring wells will be sampled using the low-flow sampling method.  

Pre-sample purging will be accomplished using EPA low-flow sampling guidance.  Purging will 

be accomplished using a peristaltic pump, bladder pump and/or whale pump, depending on the 

depth to groundwater. The groundwater samples will be collected once the water quality 

parameters are stabilized to the extent documented on the well purge forms in Appendix C. The 

following groundwater sampling procedures for the low-flow sampling method will be followed: 
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1. A clean piece of plastic sheeting will be spread on the ground around the well to 

protect the sampling equipment from possibly becoming contaminated. 

2. After opening the well, headspace readings in the well and in the breathing zone 

immediately above the well will be taken with a PID. 

3. If VOCs are measured in the well with the PID, the well will be ventilated for several 

minutes.  If the readings are continuous (exceeding 1 parts per million [ppm] but not 

greater than 5 ppm), then Level C personal protective equipment (PPE) will be worn 

while purging and sampling the well.  If the readings are continuously above 5 ppm, 

the site will be evacuated. 

4. Prior to purging any of the wells, the depths to the top of the water and bottom of 

the well will be measured for each well, with an electric water level indicator with an 

accuracy of 0.01 ft, from a permanently marked reference point located on top of the 

polyvinyl chloride (PVC) riser pipe and recorded in the field logbook.  Measurements 

will be taken three times to ensure accuracy.  Alternatively, the total well depth will 

be measured one or several days prior to sampling which will reduce the chance that 

materials potentially disturbed at the bottom of the well may affect the sample 

turbidity measurements. The tape and probe will be decontaminated between 

measurements at different wells, as discussed in Section A.3.  Each well will be 

inspected and the current condition of the well will be recorded on a well inspection 

sheet.  The U.S. Army, EPA, and MDE will be notified of damaged wells, along with 

recommendations for well rehabilitation. 

5. No minimum purge volume is specified in the EPA low-flow sampling guidance.  

However, it is useful to have an established minimum purge volume which must be 

removed in addition to satisfying the stabilization parameters.  The minimum purge 

volume for each well will be calculated using the saturated well screen length 

multiplied by the gallons per foot for a given well diameter.  For a typical 4-inch 

inner diameter 10 foot long well screen, the minimum volume is 6.5 gallons or 25 

liters (10 foot screen x 0.653 gallons/foot in a 4-inch well). 
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6. The pump intake will be slowly lowered into the well until it is at the mid-point of the 

screened interval or at the mid-point of the water column if the static water level is 

below the top of the screen.  The water level indicator is lowered to the top of the 

water column so that the water level will be monitored during the purging of the well. 

7. Purging will begin at the lowest rate necessary to pump water out of the well and 

eliminate air bubbles from the tubing.  As soon as the air bubbles are eliminated, the 

pumping rate will be adjusted to the lowest setting and then gradually increased until 

it matches the recharge rate.  Stabilization parameters including turbidity, pH, 

temperature, conductivity, redox potential, and DO will be measured at the beginning 

of purging using an in-line monitoring system.  Parameters will be measured and 

recorded approximately every ten minutes while pumping, using an in-line 

monitoring system.  The readings will be recorded on a Groundwater Low-Flow 

Sampling Form (provided in Appendix C) along with the time of the reading, the 

water level reading, the flow rate, a description of the water, and the cumulative 

volume extracted.  All purge water will be containerized for disposal as described in 

Section 4.2. 

8. To prevent aeration of the sample, the water level will not be lowered below the top 

of the well screen during purging whenever possible.  Every effort will be made to 

minimize drawdown and, consequently, minimize aeration and to promote laminar 

flow towards the well screen. 

9. A sample will be collected when drawdown reaches equilibrium, the water quality 

parameters are stabilized, and at least one equivalent well volume of water is 

evacuated from the well (if practicable).  The stabilization goal is three successive 

readings in which the pH changes by less than 0.1 pH unit; temperature changes 1F 

or less; and conductivity, redox potential, DO, and turbidity change by less than 10%. 

10. If the recharge rate of the well is very low and a steady pumping rate is not 

maintained without drawing down the water level, the well is purged to the top of the 

screened interval at a flow rate less than or equal to 1 Liter per minute (L/min).  
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Sampling will commence as soon as the volume in the well is recovered sufficiently 

to permit collection of samples. 

11. Samples will be collected using polyethylene tubing attached to the discharge point of 

the pump with stainless steel clamps. 

12. Sample bottles not containing preservatives will be triple-rinsed using sample water.   

13. All monitoring wells will be sampled for the required parameters.  The sample bottles 

will be filled in the order of decreasing volatility.  

14. The number of sample bottles, sample container types, and sample preservation 

methods with respect to specific analytes will be recorded on the COC form. 

15. Sample bottles will be labeled, enclosed in a plastic bag, and placed in a cooler 

maintained at 4±2C immediately after sample collection and preservation. 

16. A final measurement for turbidity, pH, temperature, conductivity, redox potential, and 

DO will be obtained for each sample. 

17. Stabilization parameter readings, PID readings, purge volume, flow rate, and sample 

information will be entered onto a Groundwater Low-Flow Sampling Form. 

Disposable sampling equipment will be discarded.  The pump and tubing will be 

transported to the decontamination pad and decontaminated according to procedures outlined in 

Section A.3. 

A.3 DECONTAMINATION PROCEDURES 

Decontamination activities for the long-term groundwater monitoring will take place on 

plastic sheeting.  Sampling equipment will be decontaminated in plastic tubs placed on the 

plastic sheeting. 

Submersible pumps and hoses that are used to purge groundwater from monitoring wells 

and to sample groundwater will be decontaminated before their initial use, and between uses in 

different wells as outlined below: 
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a. A sufficient amount of non-phosphate detergent will be pumped through the pump and 

hose to flush out any residual water; 

b. The exterior of the pump and hose will be scrubbed with non-phosphate detergent; 

c. The outside of the pump and hose will be rinsed with water from a USACE approved 

source (i.e., unchlorinated water from FGGM water supply Well No. 5); 

d. water from a USACE approved source will be pumped through the pump and hose to 

remove any remaining non-phosphate detergent; 

e. The outside of the pump and hose will be rinsed with deionized, organic-free water; and  

f. Plastic sheeting will be used to wrap the equipment to prevent contamination during 

storage/transit. 

The water level indicator will be decontaminated between wells as outlined below: 

a. Washed and scrubbed with non-phosphate detergent; 

b. Rinsed with water from a USACE approved source; 

c. Rinsed with deionized, organic-free water; and 

d. Wrapped in plastic sheeting to prevent contamination during storage/transit. 



 

 

Appendix A.2 Calibration Requirements
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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.
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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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