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1. INTRODUCTION
The Water Resources Discipline (WRD) of the U.S. Geological Survey (USGS) performs a wide variety of groundwater data-collection programs and investigations to assess the status of the Nation’s groundwater resources. Results of these activities are used to aid the Nation in developing, managing, and maintaining its groundwater resources. 

As the Nation’s principal earth-science information agency, the USGS is depended upon to collect accurate data and produce factual and impartial interpretive reports. Methods for data collection and analysis that were developed by the USGS have become standard techniques used by numerous Federal, State, and local agencies and by private enterprises. Data collected by scientific organizations such as the USGS are being used increasingly by the public to define and examine a variety of natural-resource and environmental problems. Many of these problems are addressed through an open, public process. As a result, scientific organizations are being challenged to demonstrate the credibility of their data on the basis of objective evidence rather than on the organization’s history and reputation.

To address these demands and expectations, the WRD has implemented a program designed to ensure that all scientific work done by or for the WRD is conducted in accordance with a quality-assurance program. The Office of Groundwater (OGW), in coordination with the Branch of Technical Development and Quality Systems, has the responsibility to develop, coordinate, and implement the quality-assurance program for Water Science Center groundwater activities. As part of that program, the OGW has directed the preparation of this Quality-Assurance Plan for Groundwater Data Activities (GWQAP), which covers groundwater level activities by the Arkansas Water Science Center.

A quality-assurance plan can be defined as a formal document that describes the management policies, objectives, principles, organizational authority, responsibilities, accountability, and implementation plan of a responsible organizational unit or group for ensuring quality in its products. The implementation of a GWQAP will enhance groundwater data collected by the USGS by providing for the following:

· Consistency (across projects, Water Science Centers, WRD, and so forth);
· Accountability (to client, scientific community, and regulatory agencies);
· Comparability (yields results of known quality);
· Traceability (written record of how, who and when work was performed, training, equipment, etc.);
· Repeatability (documentation of technique that leads to the similar results time after time with the same accuracy).





The purpose of this GWQAP is to establish a minimum set of guidelines and practices to be used by the Arkansas Water Science Center to assure quality in groundwater level activities. Included within these practices are the assignment of responsibilities for implementing quality-assurance activities in the Water Science Center and establishment of review procedures needed to ensure the technical quality and reliability of the groundwater products. This document presents quality-assurance policies pertaining to the organizational responsibilities; data collection; data processing, review, and storage; and archiving of groundwater level data. This document closely follows the procedures as outlined in “A Quality-Assurance Plan for District Groundwater Activities of the U.S. Geological Survey” by Burnett and others (1997).

2. ORGANIZATION AND RESPONSIBILITIES

Though quality assurance is a personal responsibility of all employees of the USGS, ultimate quality-assurance responsibility within the Arkansas Water Science Center lies with the Water Science Center Director. Clear statements of specific responsibilities promote an understanding of each person’s role in the overall process of assuring quality and can help to prevent errors and deficiencies that may otherwise occur. Implementation and follow-up responsibilities lie with data-collection staff, project chiefs, section chiefs, discipline specialists, Water Science Center Directors, regional specialists, and others. Even if quality-assurance responsibilities are ancillary duties for some employees, these functions are to be documented.

The following is a list of specific responsibilities of Arkansas Water Science Center personnel for implementing the GWQAP for groundwater level activities.

The Water Science Center Director is responsible for:

· Managing and directing the Water Science Center program, including all groundwater level activities.
· Ensuring that groundwater level activities in the Water Science Center meet the needs of cooperating agencies, including state and local agencies; the general public; and the Federal Government.
· Ensuring that all aspects of this GWQAP are understood and followed by Water Science Center personnel.
· Providing final resolution of any conflicts of disputes related to groundwater level activities within the Water Science Center.
· Keeping Water Science Center staff briefed on procedural and technical communications from Region and Headquarters.
· Ensuring that technical reviews of all groundwater level activities are conducted. 
· Ensuring that all publications and other technical communications released by the Water Science Center are accurate and are in accord with USGS policy.
· Ensuring that groundwater level training is incorporated into each employee’s training plan, where appropriate.


The section chief is responsible for:

· Managing and directing groundwater level activities assigned to the section and ensuring that the stated objectives are met in a timely manner.
· Reviewing the work plans for groundwater level programs and projects.
· Providing the project chief with technical and administrative support as needed.
· Creating, with groundwater personnel in the section, a training plan for each employee, where appropriate.
· Reviewing groundwater level reports under his or her direction.
· Monitoring progress of groundwater project chiefs in implementing the GWQAP for their respective projects.

The groundwater project chief is responsible for:

· Directing and conducting the technical work of the project, including all phases of data collection, data review, data storage, data analysis, and report preparation according to appropriate procedures (appendix: GWPD-1, 2, 4, 5, 11, AR-GWPD-1, 2 and 3).
· Communicating project plans, progress, and problems to supervisors by providing written progress reports at periodic reviews.
· Preparing written work plans, documenting project activities, and ensuring that data are placed in the USGS National Water Information System (NWIS) database, as appropriate, prior to project termination.
· Maintaining a project file containing memoranda, personal communications, groundwater procedure documents used (appendix), original data, and other documentation.
· Ensuring that project activities are carried out in a timely manner.
· Creating, with the supervisor, a personal training plan.
· Archiving of project files, at the completion of the project.

Some of the duties of the Arkansas Water Science Center groundwater specialist may be delegated to other personnel. For the remainder of this document, “Water Science Center groundwater specialist” will refer to these individuals. The Water Science Center shall appoint a groundwater specialist whose duties shall include but not be limited to:

· Maintaining current groundwater technical expertise for the Water Science Center.
· Consulting with the Water Science Center staff on groundwater technical matters.
· Advising on training needs for employees engaged in groundwater activities.
· Participating in technical reviews of groundwater activities.
· Reviewing groundwater related project proposals.
· Reviewing groundwater related project reports.

3.  GROUNDWATER DATA COLLECTION

Written records of exactly how data are collected are critical to establishing the consistency, comparability, repeatability, and traceability of scientific data. The methods used to collect a specific data set shall be documented and the documentation shall be maintained with the data. For routine field activities, groundwater procedure documents (GWPD) are a means of ensuring that detailed documentation is generated prior to data collection and shall be identified or prepared during the formal planning phase of the project, as applicable.

A groundwater procedure document is a detailed description of a sequence of actions to be used to collect data to ensure repeatability of the work and comparability of results. The USGS groundwater procedure documents related to Arkansas Water Science Center groundwater level measurements and associated activities are included as an appendix to this GWQAP.

All instruments, devices, and equipment (including steel tapes) used to collect groundwater level data are categorized as instruments. Because of the complexity of some instruments, their effect on the quality of the data may be unknown or unquantifiable. To ensure the consistency, comparability, and repeatability of collected data, instruments must be identified, calibrated, maintained, and operated in an appropriate method (Appendix:1, AR-GWPD-1).

3.1 PERIODIC GROUNDWATER LEVEL MEASUREMENTS

Periodic groundwater level measurements include all manual measurements by personnel or equipment that are stored in GWSI. These include any regularly scheduled measurements (i.e. quarterly, semiannual, annual), initial measurements, and check measurements at continuous sites. 

3.1.1 Measurements are performed according to OGW GWPD’s, appendix 1.
3.1.2 Field-data entries should be made using blue or black ink, per the USGS National Field Manual, which supersedes OGW GWPD.
3.1.3 Any project measuring periodic groundwater levels on a schedule to a known site should use the MONKES program (https://collaboration.usgs.gov/wg/FCIS/MONKES/default.aspx) in the field to record water-level measurements.
	MONKES program-The Multi Optional Network Key Entry System (MONKES) is a program used on handheld computers for ground-water data entry and processing. It is designed to operate on a handheld computer that has a Windows CE Operating System (Pocket PC). The MONKES program is used to input and process ground-water level measurements in the field.
3.1.4 MONKES data files will be downloaded from the pda or laptop computer at no greater interval than weekly.
3.1.5 MONKES data files will be processed into GWSI within a week of downloading.
3.1.6 Periodic groundwater levels entered into GWSI will be reviewed by personnel within a week of entry into GWSI.
3.1.7 MONKES data files will be stored according to the policy in section 3.6.


3.2 CONTINUOUS GROUNDWATER LEVEL MEASUREMENTS

Continuous groundwater level measurements are automated measurements performed at least daily by a data logger and float tape, transducer, punch tape recorder, or other mechanical processes. This will include the real-time sites and all other continuous recorder sites. The data file will be transferred or loaded into ADAPS. 

3.2.1 During a site visit, the field personnel will download all the data since the last site visit to a file on a personal data assistant (pda) or laptop computer, naming the file the site name and the date.
3.2.2 Field-data entries should be made using blue or black ink, per the USGS National Field Manual, which supersedes OGW GWPD.
3.2.3 A periodic water-level measurement will be performed for each site visit and recorded using the MONKES program. 
3.2.4 The pressure reading, water level, battery voltage, and any other pertinent information will be recorded on a field form or in a field note book during each site visit. 
3.2.5 Periodic groundwater level measurements will be performed by the specifications in section 3.1.
3.2.6 If the continuous data from the site is not automatically loaded into ADAPS, the data file will be loaded into ADAPS within a week of downloading the data. Real-time sites are automatically loaded into ADAPS, whether transmitted by satellite or modem. Continuous sites that are not real-time require periodic site visits to download data from a data logger, recorder, or transducer. 
3.2.7 The method for correcting, reviewing and approving continuous data in ADAPS is described in AR GWPD, appendix 1. 
3.2.8 Continuous data in ADAPS will be corrected and placed ‘in review’ within 30 days of being loaded into ADAPS.
3.2.9 Continuous data ‘in review’ will be reviewed for approval within 30 days of being set ‘in review’.
3.2.10 Continuous data files will be stored according to the policy in section 3.6.

3.3 AQUIFER TESTS

An aquifer test is a test whereby water levels are measured in a well or wells in response to a stress imposed on the groundwater system. Examples of stresses include pumping water from a well or causing an instantaneous change in water level by insertion or removal of a displacing volume in a well bore. Aquifer tests are done to obtain estimates of hydraulic properties of aquifers and other hydrogeologic units (for example, confining units).   Typical hydraulic properties derived from aquifer tests include hydraulic conductivity, transmissivity, storage coefficient, and storativity. Information for each aquifer test is recorded per the following requirements: 

3.3.1 An aquifer test analysis will include the specifications stated in OGW Tech Memo 94.02, appendix 2
3.3.2 Aquifer test analyses will be reviewed by the AR WSC Groundwater Specialist prior to being sent to the Central Regions Groundwater Specialist
3.3.3 After approval by the AR WSC Groundwater Specialist, the aquifer test analysis will be sent to the Central Regions Groundwater Specialist for review, in accordance with OGW Tech Memo 94.02, appendix 2
3.3.4 Aquifer test analyses and data files will be stored according to the policy in section 3.6.


3.4 GROUNDWATER MODELING


Groundwater modeling involves the assemblage or synthesis of hydrologic data pertaining to an aquifer system. Groundwater models commonly are used for evaluating the direction and magnitude of groundwater flow, and potential changes in the flow system to changes in stress within the groundwater system. Groundwater modeling with the AR WSC is subject to the following requirements:
 
3.4.1 The AR WSC Groundwater Specialist is responsible for reviewing groundwater modeling reports.
3.4.2 Groundwater models will follow the documentation and policies defined in the OGW Tech Memos 96.04 and 00.02, appendix 2. 
3.4.3 The AR WSC Groundwater Specialist is responsible for ensuring that project chiefs store approved groundwater models in the groundwater model archive. 
3.4.4 Groundwater models and data files will be stored according to the policy in section 3.6.


3.5 GEOPHYSICAL BOREHOLE LOGGING

The collection geophysical borehole logs are essential for the understanding of groundwater hydrologic systems and the construction of groundwater models. Geophysical borehole logs define the characteristics, thickness, top, and bottom of a formation or layer of rock in the subsurface. 

3.5.1 Geophysical borehole logs will follow the documentation and policies defined in the OGW Tech Memos 00.03 and 06.03, appendix 2.
3.5.2 Geophysical borehole logs will follow the procedures described in AR GWPD 3, appendix 1.

3.6 DATA PROCESSING, REVIEW, AND STORAGE

A data-management plan describes the procedures used for data processing, review, and storage, and may also include archiving. After groundwater level data are collected, they often are processed using one or more procedures, such as the application of time or datum corrections, and then are stored in computerized or physical files. Additionally descriptive information on data-collection sites, such as well construction data and location, are stored. In general, data are most accessible and useful to the project chief and other Water Science Center employees, as wells as to those outside the Water Science Center office, if they are stored in a computerized database. Storage in a single database also enables interpretations to be more easily verified and repeated. All water data collected as part of the routine data collection of the WRD, which are all groundwater level data collected by basic data programs and Water Science Center projects must be stored in computer files of the USGS National Water Information System (NWIS) Groundwater Site Inventory (GWSI).

A quality database is maintained by:

· checking data-base files against original data files to ensure accuracy,
· performing internal cross-checks of the data in the database to identify anomalous data, and
· maintaining the original data in paper or electronic archives to ensure integrity.

Original data are those data -- from automated data-collection sites, laboratories, outside sources, and non-automated field observations -- unmodified as collected or received, once put into conventional units (Hubbard, 1992).

The Arkansas Water Science Center shall perform the following quality-assurance activities.

Data Processing

3.6.1 All regularly scheduled periodic groundwater water-level measurements should be recorded using the MONKES program, with a pda or laptop computer. Original files are stored at \igskedcwgswin\GW_archive\MONKES_files. All original data shall be preserved unmodified as collected or received.

3.6.2 All original data in paper form shall be placed in project or data-collection program files. Original data in electronic form shall be stored in designated archives within the computer network. In the case of MONKES files, original files are stored at \\ igskedcwgswin \GW_archive\MONKES_files. All original data shall be preserved unmodified as collected or received.

3.6.3 All data collected as part of the routine data collection of the WRD, and all existing data collected by WRD and other data that are used to support published USGS documents and not published or archived elsewhere, shall be placed in GWSI unless excluded under current WRD policy (Hubbard, 1992).

3.6.4 The Arkansas Water Science Center has prepared and implemented a NWIS  Groundwater Data Management and Quality Assurance Plan (USGS, 2010), which documents established policies, conventions, and responsibilities for data processing, data review, handling project and data collection program files, and computerized databases. The NWIS  Groundwater Data Management and Quality Assurance Plan shall be used to:

· Describe the processing of each type of water-level measurement data through such steps as entry on a field form, data review, data entry, and filing of the original data. Data processing that is described in a groundwater procedure document may be referenced.
· Include descriptions of filing systems for site data and maps, local well-numbering systems, requirements for field-checking sites, and Water Science Center-specific database management policies and practices.
· Indicate how the Water Science Center ensures that data are reviewed promptly after data collection. Data reviews shall verify that as data are collected, they are entered  in the database and that the data in the database have been checked against the original data, application of shifts and datum’s, correction of transducer drift, and so forth. Data reviews shall be documented during project reviews.


Review

Data shall be reviewed promptly after any data-processing procedure is completed to ensure that the procedure was correctly applied and that the results are consistent both internally to the data set and with other data for the same site. This review shall be performed prior to publication or other dissemination to the general public and prior to the technical review of publications that contain the data or that sue the data in interpretations. The Water Science Center shall establish a review schedule for data in addition to or in conjunction with other reviews. Reviews should be scheduled and implemented for data-collection programs as well as interpretive projects.

Storage

3.6.2.1 Periodic groundwater level data are produced in two formats, electronic files and field form records. 
3.6.2.1.1 Electronic files will be in the format from the MONKES program, producing two files. Original copies of both files are stored in the MONKES Archive located at \ igskedcwgswin \GW_archive\MONKES_files. 
3.6.2.1.2 Field form records are stored in the site folders in the groundwater records cubicle, when the field form has been completed. 
3.6.2.2 Continuous groundwater level data for nonreal-time sites are electronic data files that are stored at igskedcwgswin \GW_archive\Realtime_Continuous.
3.6.2.3Aquifer test files are in hard copy and electronic format.
3.6.2.3.1 Hard copy aquifer test files are stored in the groundwater records cubicle in the drawers labeled aquifer tests and are ordered by county
3.6.2.3.2 Electronic aquifer test files are stored in the aquifer test archive located at \igskedcwgswin\GW_archive\Aquifer_Tests.
3.6.2.4 Groundwater models are stored in the aquifer test archive located at \ igskedcwgswin \GW_archive\GW_Modeling
3.6.2.5 Geophysical borehole logs are produced in two formats, hard copy and electronic files. Hard copy logs may be converted to electronic files by scanning. 
3.6.2.5.1 Hard copy geophysical borehole logs are stored in file cabinets in the groundwater records cubicle. They are sorted by county and township and range.
[bookmark: _GoBack]3.6.2.5.2 Electronic geophysical borehole logs are stored according to OGW Tech Memos 00.03 and 06.03, located at \igskedcwgswin\GW_archive\Geophysics\Geophysical_Logs.

4. ARCHIVING

Archiving is the final step in the process of data collection, analysis, and interpretation. Although the report represents the summary of the current work, the data and its interpretation should be available for further analysis.

Archiving is the systematic process of storing data and information to protect it from change or loss, by providing the necessary security. Electronic archiving is the systematic process of removing data from active, on-line computer storage and preserving it with the capability to recover the data.

To quality assure the archiving process, the Arkansas Water Science Center shall perform the following steps:

1. All data shall be archived as specified by current WRD policy.

2. An archiving plan for the Arkansas Water Science Center which documents the disposition of all NWIS Groundwater Data level information upon completion of Water Science Center projects is contained in USGS (2001). The archiving plan shall document the archiving process and the responsibilities of personnel assigned to archiving tasks.
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1.1 WATER-LEVEL MEASUREMENT USING GRADUATED STEEL TAPE

NUMBER: GWPD 1

PURPOSE: To measure the depth to the water surface below a measuring point using the graduated steel tape (wetted-tape) method.

MATERIALS AND INSTRUMENTS:

1. A steel tape graduated in feet, tenths and hundredths of feet. A black tape is better than a chromium-plated tape. If a chromium-plated tape has to be used, paint the back of the tape with a flat black paint to make it easier to read the wetted chalk mark. A break-away weight should be attached to the ring on the end of the tape with wire strong enough to hold the weight, but not as strong as the tape, so that if the weight becomes lodged in the well the tape can still be pulled free. The weight should be made of brass, stainless steel, or iron.
2. Blue carpenters chalk.
3. Clean rag.
4. Black or blue ink pen.
5. Steel tape calibration and maintenance equipment log book.
6. Water level measurements (Field) form (table 1), electronic available on internal page .
7. Tape calibration data, from file on internal web page. 
8. Two wrenches with adjustable jaws for removing well cap.
9. Dilute solution of common household chlorine bleach (optional).


DATA ACCURACY & LIMITATIONS:

1. A graduated steel tape is commonly accurate to 0.01 foot.
2. The steel tape should be calibrated against another acceptable steel tape. An acceptable steel tape is one that is maintained, in the office, for use only for calibrating steel tapes.
3. If the well casing in angled, instead of vertical, the depth to water will have to be corrected.
4. When measuring deep water levels, tape expansion and stretch is an additional consideration (see Garber and Koopman, 1968).




ADVANTAGES:

1. The graduated steel tape method is considered to be the most accurate method for measuring the water level in nonflowing wells of moderate depth.
2. Easy to use.

DISADVANTAGES:

1. May be impossible to get reliable results if water is dripping into the well or condensing on the well casing.
2. Not recommended for measuring pumping levels in wells.

ASSUMPTIONS:

1. An established measuring point (MP) exists. See GWPD 3 for groundwater procedure document on establishing an MP.
2. The MP is clearly marked and described. 
3. A water-level measurement taken during the last field visit is available to estimate the length of tape that should be lowered into the well.
4. The black sheen on the steel tape has been dulled so that the tape will retain the chalk.
5. The well is free of obstructions. Obstructions can cause errors in the measurement if they affect the plumbness of the steel tape.


INSTRUCTIONS:

1. Chalk the lower few feet of the tape by pulling the tape across a piece of blue carpenter’s chalk. The wetted chalk mark will identify that part of the tape that was submerged. 
2. Lower the weight and tape into the well until the lower end of the tape is submerged below the water. The weight and tape should be lowered into the water slowly to prevent splashing. Continue to lower the end of the tape into the well until the next graduation (a whole foot mark) is opposite the MP, record this number in the ‘MP HOLD’ (table 1) column of the water level measurements field form (#1, table 1).
3. Rapidly bring the tape to the surface before the wetted chalk mark dries and becomes difficult to read. Record the number of the wetted chalk mark (sometimes referred to as the cut) in the ‘WETTED CHALK MARK’ (table 1) column of the water level measurements field form (#2, table 1).
4. Subtract the wetted chalk mark number from the number help to the MP, and record this number in the ‘DEPTH TO WATER FROM MP’ (figure 1) column of the water level measurements field form (#3, table 1). The difference between these two readings is the depth to water below the MP.


5. Apply the MP correction to get the depth to water below or above land-surface datum. If the MP is above land surface (#4, table 1), the distance between the MP and land surface datum is subtracted from the depth to water from the MP (#3, table 1) to obtain the depth to water below land surface. If the MP is below land surface precede the MP correction value with a minus (-) sign and subtract the distance between the MP and land surface datum from the depth to water from the MP to obtain the depth to water below land surface. Record this number in the ‘DEPTH TO WATER FROM LSD’ (figure 1) column of the water level measurements field form (#5, table 1). If the water level is above LSD, record the depth to water in feet above land surface as a negative number.\
6. Record unique identifier for tape. Use tape calibration data/file to determine correction for water-level measurement and record in correction column. Apply correction to depth to water from lsd column and record corrected water level. 
7. Make a check measurement by repeating steps 1 through 6. The check measurement should be made using a different MP hold value (#6, table 1) than that used for the original measurement. If the check measurement does not agree with the original measurement within 0.01 or 0.02 of a foot, continue to make check measurements until the reason for the lack of agreement is determined or until the results are shown to be reliable. If more than two readings are taken, record the average of all readings.
8. After completing the well measurement, disinfect the steel tape by pouring a dilute amount of common household chlorine bleach on a clean cloth and wiping down the part of the tape that was submerged below the water surface; this will avoid possible contamination of other wells.
9. Maintain the tape in good working condition by periodically physically checking the tape for rust, breaks, kinks, and possible stretch due to the suspended weight of the tape and the tape weight.
10. In some pumped wells, a layer of oil may float on the water surface. If the oil layer is a foot thick, read the tape at the top of the oil mark and use this data for the water-level measurement instead of the wetted chalk mark. The measurements will differ slightly from the water level that would be measured were the oil not present. However, if several feet of oil are present in the well, or if it is necessary to know the thickness of the oil layer, a commercially available water-detector paste can be used that will detect the presence of water in the oil. The paste is applied to the lower end of the tape and will show the top of the oil as a wet line and the top of the water will show as a distinct color change. Since oil density is about three-quarters that of water, the water level can be estimated by adding the thickness of the oil layer times its density to the oil-water interface elevation.

DATA RECORDING: All calibration and maintenance data associated with steel tape use are recorded in its calibration and maintenance equipment log book. All water-level data are recorded on the water level measurements field form (Form 9-194) to the nearest 0.01 foot.
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Table 1. 
WATER-LEVEL MEASUREMENTS
(FIELD)

Site ID__________________________________________                    Station____________________________
     
Owner_________________________________    Aquifer Code_____________    County__________________

Altitude LSD____________        Depth_____________         MP________ Ft.  above  below   at LSD
	Date
	Hour
	Meas. By
	Tape Reading at
	Depth to Water
	Tape Used
	Correc-tion
	Corrected WL
	Remarks
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       *Hold minus cut
       **Hold minus cut minus MP height above LSD








1.2 REQUIRED TO IDENTIFY A GROUNDWATER SITE

NUMBER: GWPD 2

PURPOSE: To specify the minimum amount of information that should be collected during the initial site inventory of an individual groundwater site.

MATERIALS & INSTRUMENTS:

1. A state highway map and a USGS 7.5 minute topographic quadrangle map. Also, if available, an aerial photograph, and a town plat/lot number map.
2. USGS 7.5 minute latitude-longitude scale and a USGS 1:24,000 scale, graduated in miles and feet.
3. Global Positioning System (GPS) Unit.
4. Groundwater site inventory (GWSI) system groundwater site schedule, Form 9-1904A.
5. Water level measurements (Field) form.
6. USGS Hydrologic Unit Map for your state. 
7. Steel tape graduated in feet, tenths, and hundredths of feet, with a brass, stainless steel, or iron weight.
8. Electric tape.
9. Blue carpenters chalk and clean rag. 
10. Pencil and eraser.
11. Two wrenches with adjustable jaws for gripping for removing well caps.

DATA ACCURACY & LIMITATIONS:
1. Latitude and longitude values are determined with a GPS unit. Latitude and longitude is displayed in units of feet or meters and should be recorded with the latitude and longitude in the field book. Generally the accuracy ranges from 5 to 30 feet. This distance is of the order of about a tenth(s) of a second. The lat/long accuracy recorded on the GWSI form 9-1904-A should be to a tenth when using the GPS unit. Other GPS units that do not display latitude and longitude to tenths or hundredths should be indicated to a lat/long accuracy of one second.
2. Altitudes determined from topographic maps are accurate to within one half the USGS 7.5-minute topographic quadrangle map contour interval.
3. GPS determined latitudes, longitudes, and altitudes are accurate based on each instrument’s capabilities.

ASSUMPTIONS:

1. A groundwater site is a single point, not a geographic area or property.
2. All information available for a site will be compiled and entered into the GWSI system.
3. A USGS 7.5 minute topographic quadrangle map with a 1:24,000 scale will be used to locate the groundwater site.

INSTRUCTIONS:

1. The following data elements comprise the minimum amount of information needed to identify a groundwater site. The GWSI component number (C#) is shown for each data element.

a) Geographic location -- Latitude (C9), longitude (C10), latitude-longitude accuracy (C11), sketch map of site location (electronic map or aerial photograph are acceptable when sufficient roads are displayed and labeled), altitude (C16), and altitude accuracy (C18).
b) Political regimes -- District (C6), state (C7), and county or town identification (C8), and land-net location (C13).
c) Source identifiers -- Owner’s name (C161), source agency or company (C4), agency use (C803), date inventoried (C711), site identification number (C1), station name (C12), station type (C802), date of site visit (C187), and name of person conducting site visit (C188).
d) Individual site characteristics -- Hydrologic unit code (C20), topographic setting (C19), type of groundwater site (C2), data reliability (C3), use of site (C23), use of water (C24), measuring point (MP) beginning date (C321), MP height (C323), MP remarks (C324), water level (C30), date water level measured (C31), and source of water-level data (C33). Also must be in C235, C237 will not be in the water level file.

2. Locate the groundwater site on a USGS 7.5 minute quadrangle topographic map using the recorded GPS latitude and longitude from the field book. Determine the land net location (fig. 1), from the quadrangle map. This location should include the township, range, section, and quarters to the third quarter (quarter-quarter-quarter). The land net location is used as the station name for the Arkansas Water Science Center groundwater sites (step 11).
3. Prepare a detailed sketch map of the site location on the last page of the site schedule (form 9-1904-A) (electronic map or aerial photograph are acceptable when sufficient roads are displayed and labeled, attach to form). Orient the groundwater site on the sketch map relative to north using a compass. The sketch map should contain enough detail so that the site can be found again by a person who has never visited it. All distances should be made in feet from permanent landmarks, such as buildings, bridges, culverts, road centerline, and road intersection.

4. Determine the altitude (C16) of the land surface, in feet above the National Geodetic Vertical Datum of 1929, at the site using a USGS 7.5 topographic quadrangle map. Record the altitude accuracy (C18). Altitudes determined from topographic maps are accurate to within one half of the contour interval of the map.
5. Record the district (C6) code in the first two positions of the field, and use the third position to identify the subdistrict office, if applicable. Next enter the FIPS numeric codes for the state (C7) and county or town identification (C8) in which the site is located. If applicable, enter the land-net location (C13), the legal description of the 10-acre tract in which the site is located.
6. Record the owner’s name (C161).
7. Record the source agency (C4) that reports the data.
8. Record agency use (C803) as A (active), I (inactive), or O (inventory only).
9. Record the date the groundwater site was inventoried (C711).
10. Record the 15-digit site identification number (C1), which is formed initially from the latitude and longitude. The 14th and 15th digits are a sequence number used to distinguish between sites at the same location. The first sequence number assigned should be 01.
11. Record the station name (C12) for a groundwater site. The station name in the Arkansas Water Science Center is determined using the land net locations. The station name will include the township, range, section, quarter, quarter-quarter, quarter-quarter-quarter, and a two-digit sequence number. All numbers for the township, range, and section are to be written as two digits, (i.e. section one is written as 01). The directional abbreviations for the township and range of north, south, east, and west are to be abbreviated with the capital letters N, S, E, and W, respectively.
12. Record the station type (C802) by placing a Y in the appropriate position. Position 1, stream; 2, reservoir; 3, estuary; 4, unassigned; 5, spring; 6, well; or 7, meteorological station.
13. Record the date of the site visit (C187) and the name of the person conducting the site visit (C188). The date of the first site visit will be the same as the date the site was inventoried (C711).
14. Record the eight-digit hydrologic unit code (C20) for the Office of Water Data Coordination cataloging unit in which the site is located using the USGS Hydrologic Unit Map for your state.
15. Record the topographic setting (C19) at the site using the USGS 7.5 topographic quadrangle map. Types of topographic settings are given under general site data on form 9-1904-A.
16. Record the type of (electronic map or aerial photograph are acceptable when sufficient roads are displayed and labeled)site (C2) and the data reliability (C3). Codes for C2 and C3 are given under groundwater site data on form 9-1904-A.

[image: WellNoSystem]

Figure 1. Well location. 


17. Record the use of the site (C23) and the use of the water (C24). Codes for C23 and C24 are given under groundwater site data on form 9-1904-A.
18. Record the date the measurement point (MP) was established (C321) and the height of the MP (C323) above or below land surface datum (LSD). Values for measuring points below LSD should be preceded by a minus sign (-). Also record a detailed description of the MP (C324). See GWPD 3 for the groundwater procedure document on establishing an MP.
19. Record the water level (C30), the date of the water-level measurement (C31), and the source of the water-level data (C33). Codes for C33 are given under groundwater site data on  form 9-1904-A. Should also record water levels in C235, C237, C238, C239 (water-level file). Failure to enter water-level data using these components means the inventory water levels (C30’s) will not be included in any water-level tables. C30 series is not automatically entered into the water level file; it exists only in the general site file data. See groundwater procedure document GWPD 1 for making water-level measurements using a graduated steel tape, or GWPD 4 for making water-level measurements using an electric tape.

DATA RECORDING: Data are recorded in the field on the GWSI groundwater site schedule (Form 9-1904-A, available at http://nwis.usgs.gov/forms/gwforms.html). Water levels are also recorded on the water level measurements (Field available at http://ar.water.usgs.gov/district/gw_tools/) form.

REFERENCES: 

1. U.S. Geological Survey, 1990, National water information system user’s manual, groundwater site inventory system: U.S. Geological Survey Open-File Report 89-587, v. 2, chap.4, (variously paged).
2. American Society for Testing and Materials, 1994, ASTM standards on groundwater and vadose zone investigations (2d ed.): ASTM, Philadelphia, Pa., p. 300-304.
3. GWPD 1, water-level measurement using graduated steel tape, 2000 (draft).
4. GWPD 3, establishing a permanent measuring point, 2000 (draft).
5. GWPD 4, water-level measurement using an electric tape, 2000 (draft).
6. GWPD 5, locating a well, 2000 (draft).
7. Giovachino, Domenic, Graphic digitizer accuracy, ASPRS/ACSM/RT 92 technical papers, v. 3, gis and cartography, 4 p.












1.3 ESTABLISHING A PERMANENT MEASURING POINT

NUMBER: GWPD 3

PURPOSE: To establish a permanent reference point from which all water levels are measured in a particular well.

MATERIALS & INSTRUMENTS:

1. Groundwater site inventory (GWSI) system groundwater site schedule, Form 9-1904-A (available at http://nwis.usgs.gov/forms/gwforms.html).
2. Steel tape or graduated folding tape graduated in feet, tenths, and hundredths of feet.
3. Field notebook.
4. Black or blue ink pen.
5. Two wrenches with adjustable jaws for removing well cap.

DATA ACCUARCY & LIMITATIONS:
The accuracy to which the measuring point (MP) is established depends upon the accuracy of the water-level measurements being made. If water levels are measured in hundredths of a foot, then the MP should be established to an accuracy of 0.01 foot. If measured in tenths of a foot, then the MP should be established to an accuracy of 0.1 foot.

ASSUMPTIONS:

1. For comparability, water-level measurements must be referenced to the same datum (elevation).
2. Land surface datum (LSD) at the well was set by the person who made the initial water-level measurement in the well. LSD is an arbitrary plane chosen to be approximately equivalent to the average altitude of the ground around the well. Because LSD around a well may change over time, the distance between the MP and LSD should be checked periodically.
3. Measuring points change from time to time, especially on private wells.

INSTRUCTIONS:

1. Upon installation of a monitoring well, or when inventorying an existing well, establish a MP. The MP must be as permanent as possible, clearly defined, marked if the well is owned by the USGS, and easily located.
2. The measuring point is measured in reference to land surface datum (LSD) and is the most convenient place to measure the water level in a well.
3. The top of the casing should be designated as the MP whenever possible. The casing may be uneven, a cut or notch in the top of the casing can indicate the MP. 
4. If possible, position the MP at a particular point on the casing where a leveling rod could be set on it directly over the well and the measuring tape can hang freely when it is in contact with the MP.
5. Clearly mark the MP with an arrow using a permanent marker.
6. The height of the MP is measured in feet above or below LSD (figure 1) and is recorded on the GWSI groundwater site schedule (form 9-1904-A) as component 323 (C323). Values for measuring points below land surface (figure 1B) should be preceded by a minus sign (-). Also record the date the MP was established (C321) and a detailed description of the MP (C324). Depending on the purpose of a study, it may be desirable to “survey-in” the LSD and the MP. See GWPD 2 which describes the minimum set of data elements needed to identify a groundwater site.
7. Make a detailed sketch of the MP on the back of the GWSI groundwater site schedule (form 9-1904-A), and if you can, take a photograph. After the photograph is developed, mark the MP, and draw and arrow to them.

DATA RECORDING: All calibration and maintenance data associated with steel tape use are recorded in its’ calibration and maintenance equipment log book. MP data are recorded in a field notebook and on the GWSI groundwater site schedule (Form 9-1904-A).

REFERENCES:

1. U.S. Geological Survey, 1990, National water information system user’s manual, groundwater site inventory system: U.S. Geological Survey Open-File Report 89-587, v. 2, chap. 4.
2. United States, Office of Water Data Coordination, 1977-, National handbook of recommended methods for water-data acquisition: Office of Water Data Coordination, Geological Survey, U.S. Department of the Interior, Reston, Va., chap. 2, p. 1-149.
3. U.S. Geological Survey level 1 training, ground-water field techniques, 1994.
4. GWPD 2, minimum set of data elements needed to identify a ground-water site, 2000 (draft).




















1.4 WATER-LEVEL MEASUREMENT USING AN ELECTRIC TAPE

NUMBER: GWPD 4

PURPOSE: To measure the depth to the water surface below a measuring point using the electric tape method.

MATERIALS & METHODS:

1. An electric tape, also known as an “M-scope” or  an “E-tape”, marked in feet, tenths, and hundredths of feet. Electric tapes are commonly mounted on a hand-cranked supply reel that contains space for the batteries and some device for signaling when the circuit is closed.
2. A steel tape for the calibration of the electric tape. The steel tape is graduated in feet, tenths, and hundredths of feet.
3. Electric tape calibration and maintenance equipment log book.
4. Black or blue ink pen.
5. Water level measurements (Field) form (table 1, this procedure), electronic available on internal webpage.
6. Two wrenches with adjustable jaws for removing the well cap.
7. Common household chlorine bleach (optional).

DATA ACCURACY & LIMITATIONS:

1. Independent electric tape measurements of static water levels using the same tape should agree within + or – 0.04 foot for depths of less than about 200 feet.
2. For depths of about 500 feet, the maximum difference of independent measurements using the same tape should agree within + or – 0.1 foot. 
3. For depths in the 2,000 foot range, the repeatability of measurements using the same tape should agree within + or – 0.5 foot (Garber and Koopman, 1968, p. 11).

ADVANTAGES:

1. Superior when water is dripping into the well of condensing on the inside casing walls which may make it impossible to get a good water mark on the chalked tape. 
2. Superior in wells that are being pumped, particularly with large-discharge pumps, where the splashing of the water surface made consistent results by the wetted-tape method impossible.
3. Superior when a series of measurements are needed in quick succession, such as in aquifer tests, because the electric tape does not have to be removed from the well for each reading.
4. Safer to use in pumping wells because the water is sensed as soon as the probe reaches the water surface and there is less danger of exceeding the depth to water and subsequently lowering the tape into the pump impellers.


DISADVANTAGES:

1. Harder to keep calibrated than a steel tape. Electric connections need to be maintained in good order.

ASSUMPTIONS:

1. An established measuring point (MP) exists and the distance from the MP to land-surface datum (LSD) is known (table 1). See GWPD 3 for the groundwater procedure document on establishing a permanent MP.
2. The MP is clearly marked and described so that a person who has not measured the well will know where to measure from.



INSTRUCTIONS:

1. Before using an electric tape in the field, calibrate it by comparing the total length of the electric tape against the length of an acceptable steel tape (see AR-GWPD-1).  An acceptable steel tape is one that is maintained, in the office, for use only for calibrating tapes. This is especially important in the electric tape has been used for a long time or after it has been pulled hard in attempting to free the line, which may cause the electric cable to stretch .
2. Check the circuitry of the electric tape before lowering the probe into the well by dipping the probe into water and note the consistency of the contact tone and indicator light.
3. Make all readings using the same light or tone indicator so that water levels will be consistent between measurements.
4. Lower the electrode probe slowly into the well until contact with the water surface indicates that the circuit is closed. Place the nail of the index finger on the insulated wire at the MP when the light or tone you choose indicates contact with the water surface.
5. Partly withdraw the electric tape from the well so that the tone and/or indicator light turns off and record the measurement to the nearest one-hundredth foot. Repeat this procedure to confirm the initial water level measurement. Record this measurement as the depth to water below MP of the field measurement sheet.
6. Apply the MP correction to get the depth to water below or above LSD. If the MP is above land surface, its height is subtracted from the water level to obtain the depth to water below land surface. If the MP is below land surface precede the MP correction value with a minus (-) sign and subtract its height from the water level to obtain the depth to water below land surface. Subtract the MP correction (#5, table 1) from the depth to water from MP (#4, table 1) and record this number in the ‘DEPTH TO WATER BELOW LSD, IN FT’ column of the water-level measurements field form (#6, table 1). If the water level is above LSD, enter the water level in feet above land surface preceded by a minus sign (-).
7. Record unique identifier for tape. Use tape calibration data/file to determine correction for water  level measurement and record in correction colum. Apply correction to depth to water from lsd column and record corrected water level. 
8. Make a check measurement by repeating steps 4 through 7. If the check measurement does not agree with the original measurement within the accuracy given under data accuracy, continue to make check measurements until the reason for the lack of agreement is determined or until the results are shown to be reliable.
9. After completing the well measurement, rinse the electric tape by pouring a small amount of deionized water on a clean cloth and wiping down the part of the tape that was submerged below the water surface; this will avoid possible contamination of other wells. This may also be done along the entire length of the deployed cable, particularly in dirty or rusty well conditions.
10. Maintain the tape in good working condition by periodically checking the tape for breaks, kinks, and possible stretch due to the suspended weight of the tape and the tape weight. Do not let the tape rub across the top of the casing because the foot, tenth, and hundredth markers can become worn; consequently, placement of the markers should be calibrated periodically against a steel tape (see calibration section above in this procedure).

DATA RECORDING: All calibration and maintenance data associated with the electric tape being used are recorded in its calibration and maintenance equipment log book. All data are recorded in the water level measurements field form (Form 9-194) to the appropriate accuracy for the depth being measured. See data accuracy and limitations.



REFERENCES:

U.S. Geological Survey level 1 training, ground-water field techniques, 1994.

United States, Office of Water Data Coordination, 1977-, National handbook of recommended methods for water-data acquisition: Office of Water Data Coordination, Geological Survey, U.S. Department of the Interior, Reston, Va., chap. 2, p. 1-149.

Ralph C. Heath, 1983, Basic ground-water hydrology: Water Supply Paper 2220, Washington, U.S. Government Printing Office, p 72-73.
Garber, M.S., and Koopman, F.C., 1968, Methods of measuring water levels in deep wells: U.S. Geological Survey TWRI, book 8, chapter A1, Washington, U.S. Government Printing Office, p. 6-11.
GWPD 3, establishing a permanent measuring point, 1995.


Table 1. 
WATER-LEVEL MEASUREMENTS
(FIELD)

Site ID__________________________________________                    Station____________________________
     
Owner_________________________________    Aquifer Code_____________    County__________________

Altitude LSD____________        Depth_____________         MP________ Ft.  above  below   at LSD
	Date
	Hour
	Meas. By
	Tape Reading at
	Depth to Water
	Tape Used
	Correc-tion
	Corrected WL
	Remarks
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       *Hold minus cut
       **Hold minus cut minus MP (Measuring Point) height above LSD (Land Surface Datum)




1.5 LOCATING A WELL

NUMBER: GWPD 5

PURPOSE: To specify a procedure for characterizing the locating of a well at a groundwater site.

MATERIALS & INSTRUMENTS:

1. Global Positioning System (GPS) instrument, if available
2. GPS calibration and maintenance equipment log book
3. A state highway map
4. Town or country plat map
5. An aerial photograph, if available
6. USGS 7.5 minute topographic quadrangle map
7. USGS 7.5 minute latitude-longitude scale
8. USGS 1:24,000 scale, graduated in miles and feet
9. Groundwater site inventory (GWSI) system groundwater schedule, Form 9-1904A (available at http://nwis.usgs.gov/forms/gwforms.html)
10. Black or blue ink pen
11. Field notebook
12. Camera and film

DATA ACCURACY & LIMITATIONS

1. GPS instrument accuracy varies. Generally the more expensive the instrument, the greater the accuracy.
2. USGS 7.5 minute latitude-longitude scale should be accurate to 0.5 second or about 50 ft.

ASSUMPTIONS:

1. The person locating the well ahs been trained to use a GPS instrument to determine the latitude and longitude of a point on the ground.
2. The person locating the well has been trained to use a latitude-longitude scale to determine the latitude and longitude of a point on a USGS 7.5 minute topographic quadrangle map.




INSTRUCTIONS:

1. Each groundwater site should have a field notebook containing a detailed narrative description of the well, permanent landmarks, and the best route to the well.
2. Two location maps should be made of the well site, one showing the general location of the well, and the other showing a detailed sketch map of the site. Orient the sketch map relative to north. All distances should be shown in feet from permanent landmarks, such as buildings, bridges, culverts, telephone poles, road centerlines, and road intersections (figure 1).
3. Plot the general location of the well on a county road map.
4. Locate the well in the field on an aerial photograph, town or county plat map.
5. Transfer the location of the well from the aerial photograph, town, or county plat map to a USGS 7.5 minute topographic quadrangle map.
6. If a GPS instrument is available, determine the latitude and longitude of the well site. 
7. If a GPS instrument is not available, determine the latitude and longitude of the well site from a USGS 7.5 minute topographic quadrangle map using a USGS 7.5 minute latitude-longitude scale.
8. Prepare a detailed sketch map (figure 1) showing the location of the well site in the field notebook and on the last page of the groundwater site schedule (form 9-1904-A). The sketch map should contain enough detail so that the site could be found by a person who has never been to the site before.
9. Take a photograph of the well location and indicate on each photograph the direction of view. File location photographs with the GWSI form.

DATA RECORDING: All calibration and maintenance data associated with the GPS instrument use are recorded in its calibration and maintenance equipment log book. Data are recorded in a field notebook and on the GWSI groundwater site schedule (form 9-1904-A).

REFERENCES:

1. U.S. Geological Survey, 1990, National water information system user’s manual, ground-water site inventory system: U.S. Geological Survey Open-File Report 89-587, v. 2, chap. 4.
2. United States, Office of Water Data Coordination, 1977-, National handbook of recommended methods for water-data acquisition: Office of Water Data Coordination, Geological Survey, U.S. Department of the Interior, Reston, Va., chap. 2, p. 1-149.
3. U.S. Geological Survey level 1 training, ground-water field techniques, 1994.
4. GWPD 2, minimum set of data elements needed to identify a ground-water site, 2000 (draft).





1.6 WELL-DEPTH MEASUREMENT USING A GRADUATED STEEL TAPE

NUMBER: GWPD 11

PURPOSE: To measure the total depth of a well below land-surface datum using a graduated steel tape.

MATERIALS & INSTRUMENTS:

1. A steel tape graduated in feet, tenths, and hundredths of feet. A break-away weight should be attached to the ring on the end of the tape with wire strong enough to hold the weight, but not as strong as the tape, so that if the weight becomes lodged in the well the tape can still be pulled free. The weight should be made of brass, stainless steel, or iron.
2. Clean rag
3. Common household chlorine bleach (optional)
4. Two wrenches with adjustable jaws for removing well cap
5. Black or blue ink pen
6. Field notebook
7. Groundwater site inventory (GWSI) system ground-water site schedule, Form 9-1904A (available at http://nwis.usgs.gov/forms/gwforms.html).

DATA ACCURACY & LIMITATIONS:

1. A graduated steel tape is commonly accurate to 0.01 foot.
2. The steel tape should be calibrated against another acceptable steel tape. An acceptable steel tape is one that is maintained, in the office, for use only for calibrating steel tapes.
3. If the well casing is angled, instead of vertical, the well depth will have to be corrected.
4. When measuring well depth in deep wells, tape expansion and stretch is an additional consideration (see Garber and Koopman, 1968).

ADVANTAGES:

1. The graduated steel tape is considered to be the most accurate method of measuring well depth. 
2. Easy to use.

DISADVANTAGES:

Not recommended for measuring the depth of pumping wells.


ASSUMPTIONS:

1. An established measuring point (MP) exists. See GWPD 3 for ground-water procedure document on establishing an MP.
2. The MP is clearly marked and described.
3. The well is free of obstructions. Well obstructions (such as pump column centralizers) could cause errors in the measurement if they affect the plumbness of the steel tape.



INSTRUCTIONS:

1. Measure from the zero point on the tape to the bottom of the weight. Record this number as the length of the weight interval. 
2. Lower the weight and tape into the well until the weight reaches the bottom of the well and the tape slackens.
3. Partially withdraw the tape from the well until the weight is standing in a vertical position, but still touching the bottom of the well. A slight jerking motion will be felt as the weight moves from the horizontal to the vertical position, and the tape becomes taught from the downward pull of the weight.
4. Repeat step 3 several times by lowering and withdrawing the tape to obtain a consistent reading.
5. Record the tape reading held at the measuring point (MP).
6. Withdraw the tape from the well 1 to 2 feet, so that the weight will hang freely above the bottom of the well. Repeat steps 2-4 until two consistent depth readings are obtained. 
7. Calculate total well depth below land-surface datum (LSD) as follows:

Tape reading help at the MP		84.3 feet
Length of the weight interval		+1.2 feet
85.5 feet
MP correction				-3.5 feet
Total well depth below LSD		82.0 feet

8. After completing the well depth measurement, disinfect (with common household chlorine bleach) that part of the tape that was submerged below the water surface. This will avoid any possible contamination of other wells from the tape.

DATA RECORDING: Data are recorded in a field notebook. Well depth data should also be recorded in the groundwater site data section of the GWSI groundwater site schedule (Form 9-1904-A). All data are recorded to the nearest 0.01 foot.









REFERENCES:

1. U.S. Geological Survey, 1989, Technical procedure HP-61, Yucca Mountain Project, Use of hand-held steel tapes in vertical boreholes, p. 2.
2. GWPD 3, establishing a permanent measuring point, 2000 (draft).
3. Garber, M.S., and Koopman, F.C., 1968, Methods of measuring water levels in deep wells: U.S. Geological Survey TWRI, book 8, chap. A1; Washington, U.S. Government Printing Office, 23 p.


1.7 METHODS FOR CALIBRATION OF GRADUATED STEEL AND ELECTRIC TAPES FOR MEASURING WATER LEVELS

NUMBER: AR-GWPD 1

PURPOSE: To describe three methods for calibrating steel and electric tapes used in the measurement of water levels. The collection of continuous water-level data by float tape or a transducer requires manual check water-level measurements for correction within a database. Monitoring of ground-water levels in aquifers is essential for management of the resource. Calibration of the measuring instrument is necessary for quality assurance and quality control of ground-water level measurements. 

DESCRIPTION: Three methods will be described for calibrating steel and electric tapes used in water-level measurements; basic, well, and down-hole camera. An example calculation to determine the correction to be applied to a water-level measurement is given. 
BASIC
MATERIALS AND INSTRUMENTS:
1. A calibration steel tape graduated in feet, tenths, and hundredths of feet. The calibration steel tape should be used only for calibration and as long as the longest measuring tape. The calibration tape must be clearly identified as the calibration tape to prevent use in field measurements. The calibration steel tape should be secured when not being used for calibration. 
2. The steel or electric tape to be calibrated.
3. Black or blue pen and a calibration record book or laptop for recording calibration corrections.
4. Reasonably level section of ground the length of the calibration tape, usually black top or cement (parking lot). 
ASSUMPTIONS AND LIMITATIONS:
1. Steel tapes have similar stretching coefficients when the width and gauge are similar. 
2. Electric tapes with light weight probes and small gauge wires will have minimal stretch.
ADVANTAGES:
1. Provides a reasonable calibration of steel and electric tapes and a history of the condition of the tape throughout the equipment period of use.
2. Able to visually align the steel and electric tapes side by side with the calibration tape.
3. Calibration between the measuring tape and the calibration tape lengths are performed by close visual inspection of personnel.
4. Minimal difficulty in reading differences in lengths over calibration intervals. 
5. Least likely to damage or wear calibration tape. 
6. The most time efficient method.
DISADVANTAGES:
1. Does not take into account variable stretching coefficients for tapes that are constructed from different materials from the calibration tape.
2. Two persons required to perform calibration.
INSTRUCTIONS:
1. A minimum of two personnel are necessary.
2. Assign a unique identifier to every measuring tape that will be calibrated. The unique identifier must be permanently marked on the measuring tape. Unique identifiers should not be reassigned when a tape is replaced due to damage or loss. A new unique identifier should be assigned whenever a new measuring tape is purchased. 
3. Locate an area where the tapes can be laid down on a reasonably level smooth surface for the entire length of the calibration tape.
4. Determine a calibration interval, a distance interval that will be calibrated in segments throughout the length of the tapes. A larger calibration interval will have a greater error in the correction.  A smaller calibration intervals will provide better accuracy in the correction and increase the time necessary for calibration and calculation of the correction. The calibration interval should not exceed 100 feet. 
5. Place the calibration tape and the measuring tape parallel to the full length on the level surface. Align the zero foot marks of the two tapes, first person holds the tapes in place. If the measuring tape has been broken off or shortened, align the first unit foot mark (ie if tape is broken off at 6.57 feet, align at 7.00 foot mark). If the tape is short, record in the calibration record book the starting foot interval. 
6. The second person proceeds to the end of the first calibration interval, pulling both tapes to remove the slack and align the tapes parallel for the length of the calibration interval. Do not pull with enough force to stretch or remove kinks from the tapes, only enough to align the tapes and remove any slack. 
7. The second person reads the value of the measuring tape aligned next to the end of the calibration interval on the calibration tape, then records the correction for the interval in the calibration record book. The first person then moves the end of the calibration interval, aligns the tapes for the second interval and the process repeats for the length of the measuring tape. In table 1, the calibration interval is 100 feet. At the 100 foot mark on the calibration tape, the measuring tape aligned at 100.03 feet, the correction is recorded as -0.03 feet. The next segment is calibrated by holding the two tapes aligned at the 100.00 foot mark, then reading the correction for the 100 – 200 foot interval. When the length of the measuring tape has been calibrated, a cumulative correction is calculated for the calibration intervals. 
Table 1. Example calibration record.
	
	Tape A04

	Length
	Interval
	Cummulative

	0 -100
	-0.03
	-0.03

	100 - 200
	-0.05
	-0.08

	200 - 300
	-0.11
	-0.19

	300 - 400
	-0.07
	-0.26

	400 - 500
	-0.04
	-0.30




8. The process is repeated for the next measuring tape. When complete for all measuring tapes, the calibration data from the calibration record book is entered into an electronic file. The file is placed in a designated location accessible to water science center personnel. 

WELL
MATERIALS AND INSTRUMENTS:
1. A calibration steel tape graduated in feet, tenths, and hundredths of feet. The calibration steel tape should be used only for calibration and as long as the longest measuring tape. The calibration tape must be clearly identified as the calibration tape to prevent use in field measurements. The calibration steel tape should be secured when not being used for calibration. 
2. The steel or electric tape to be calibrated.
3. Black or blue pen and a calibration record book or laptop for recording calibration corrections.
4. An observation well, free of obstruction, with the water level at greater depth than the calibration interval. The well depth must be greater than the length of the calibration tape.




ASSUMPTIONS AND LIMITATIONS:
1. The measuring tape is measuring along the same pathway in the well as the calibration tape.
2. Variations in the well casing are not differentially altering the water-level measurements.
ADVANTAGES:
1. Provides a reasonable calibration of steel and electric tapes and a history of the condition of the tape throughout the equipment period of use.
2. Calibration method duplicates water-level measurements.
3. Accounts for variations in stretching between the calibration tape and the measuring tape.
4. Only one person necessary for calibration.
DISADVANTAGES:
1. May cause wear or damage to calibration tape. If calibration tape is excessively worn or damaged it will need to be replaced.
2. The least time efficient method.
3. Unable to determine if the measuring tape is measuring along the same pathway in the well as the calibration tape and that variations in the well casing are not differentially altering the water-level measurements.
INSTRUCTIONS:
1. Assign a unique identifier to every measuring tape that will be calibrated. The unique identifier must be permanently marked on the measuring tape. Unique identifiers should not be reassigned when a tape is replaced due to damage or loss. A new unique identifier should be assigned whenever a new measuring tape is purchased. 
2. Determine a calibration interval, a distance interval that will be calibrated in segments throughout the length of the tapes. A larger calibration interval will have a greater error in the correction.  A smaller calibration interval will provide better accuracy in the correction and increase the time necessary for calibration and calculation of the correction. The calibration interval should not exceed 100 feet. 
3. Locate a series of unobstructed observation wells in good condition with a water level in each calibration interval. 
4. Measure the water level in the well using the calibration tape. Record the water level according to Ground Water Procedural Document 1 for a graduated steel tape. 
5. Measure the water level in the well using the measuring tape. Record the water level according to the Ground Water Procedural Document for either a graduated steel tape or an electric tape.
6. Compare the two measurements, calculating the correction for the measurement tape by subtracting the measurement tape water level from the calibration tape water level. Record in the calibration record book.
7. Proceed to the second well with a water level in the second calibration interval. Repeat the measuring process for the calibration and measuring tapes. Calculate and record the correction for the second water level. 
8. Continue this process until a calibration correction has been determined in each calibration interval. 
9. Use the measurement corrections to interpolate a correction for the calibration intervals. 
EXAMPLE: The calibration interval is 0 to 50 feet. Measurement in the first well produces a correction of -0.02 feet for 30.01 foot measurement. Measurement in the second well produces a correction of -0.05 feet for 89.98 foot measurement. The interpolated correction for 0 to 50 feet would be -0.03 feet. 
10. The process is repeated for the next calibration interval. When complete for all measuring tapes, the calibration data from the calibration record book is entered into an electronic file. The file is placed in a designated location accessible to water science center personnel. 



DOWN-HOLE CAMERA
MATERIALS AND INSTRUMENTS:
1. A calibration steel tape graduated in feet, tenths, and hundredths of feet. The calibration steel tape should be used only for calibration and as long as the longest measuring tape. The calibration tape must be clearly identified as the calibration tape to prevent use in field measurements. The calibration steel tape should be secured when not being used for calibration. 
2. The steel or electric tape to be calibrated.
3. Black or blue pen and a calibration record book or laptop for recording calibration corrections.
4. A down-hole camera with sufficient resolution to read markings on steel and electric tapes.
ASSUMPTIONS AND LIMITATIONS:
1. The measuring tape is measuring along the same pathway in the well as the calibration tape.
ADVANTAGES:
1. Provides a reasonable calibration of steel and electric tapes and a history of the condition of the tape throughout the equipment period of use.
2. Calibration method duplicates water-level measurements.
3. Accounts for variations in stretching between the calibration tape and the measuring tape.
4. Eliminates interpretive variations from reading cut on chalk for steel tapes.
DISADVANTAGES:
1. Difficulty in aligning tapes to compare the lengths of the calibration intervals. 
2. Availability or cost of down-hole camera. 
3. Two persons required to perform calibration.
INSTRUCTIONS:
1. Assign a unique identifier to every measuring tape that will be calibrated. The unique identifier must be permanently marked on the measuring tape. Unique identifiers should not be reassigned when a tape is replaced due to damage or loss. A new unique identifier should be assigned whenever a new measuring tape is purchased. 
2. Determine a calibration interval, a distance interval that will be calibrated in segments throughout the length of the tapes. A larger calibration interval will have a greater error in the correction.  A smaller calibration interval will provide better accuracy in the correction and increase the time necessary for calibration and calculation of the correction. The calibration interval should not exceed 100 feet. 
3. Hang the down-hole camera in the well at the depth of the calibration interval. The first person holds the calibration and the measuring tapes side by side in the well at the top of the first calibration interval. 
4. The second person uses the down-hole camera to read the value on the measuring tape next to the bottom of the calibration interval on the calibration tape. Record the correction for the first calibration interval. 
5. Lower the calibration and measuring tapes to the top of the second calibration interval. Repeat the process and record the correction for the second calibration interval.
6. When the length of the measuring tape has been calibrated, a cumulative correction is calculated for the calibration intervals.  See table 2 for example.




Table 2. Example calibration record.
	
	Tape A01

	Length
	Interval
	Cummulative

	0 -100
	0.01
	0.01

	100 - 200
	0.00
	0.01

	200 - 300
	0.00
	0.01

	300 - 400
	-0.02
	-0.01

	400 - 500
	0.09
	0.08




CALCULATION OF A CORRECTION APPLIED TO A WATER-LEVEL MEASUREMENT:
1. A water level measurement of 367.52 feet is measured below land surface datum.
2. The tape used has a unique identifier of A04. The calibration data is shown in table 1. 

Table 1. Example calibration record.
	
	Tape A04

	Length
	Interval
	Cummulative

	0 -100
	-0.03
	-0.03

	100 - 200
	-0.05
	-0.08

	200 - 300
	-0.11
	-0.19

	300 - 400
	-0.07
	-0.26

	400 - 500
	-0.04
	-0.30



3. The cumulative correction from 0-300 is -0.19 feet. 
4. Using interpolation, calculate the correction from 300 to 367.52 feet. 
5. The correction for the 300-400 interval is -0.07 feet. Interpolation calculates the correction from 300 to 367.52 feet to be -0.047 feet, rounding to -0.05 feet.
6. The total correction for a measurement of 367.52 feet is -0.24, resulting in a corrected water level of 367.28 feet. 

1.8 CONTINUOUS GROUNDWATER WATER-LEVEL DATA FOR THE ARKANSAS WATER SCIENCE CENTER- INPUT CONVERSION, CORRECTING, REVIEWING, AND APPROVING

NUMBER: AR-GWPD 2
PURPOSE: To describe the procedures for input conversion, correction, and approval of continuous groundwater water-level data stored in National Water Information System (NWIS): Automated Data Processing System (ADAPS) at the Arkansas Water Science Center. To define the responsibilities of personnel correcting and reviewing these data. This procedure is essential for the quality assurance of continuous groundwater water-level data stored in ADAPS and available on NWIS WEB. 
DESCRIPTION: This procedure describes the method to determine the input of conversion equation, the calculation of correction values for continuous groundwater water-level data from field water-level measurements for entry into ADAPS, and for reviewing and approving continuous groundwater water-level data in ADAPS, after input of conversion and corrections. The input of conversion equation is used when the water-level data collected is not reported as depth below land surface datum in feet. 
EQUIPMENT AND DATA NEEDED:
5. Water-level measurement data collected in accordance with Office of Groundwater, Groundwater Procedural Document (GWPD) 1 or 4 from a calibrated electric or steel tape. 
6. For the conversion of input equation, the file containing the data at the time of the water-level measurement. 
7. CONVERSION OF INPUT EQUATION FOR CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM for the site. 
8. Blue or black ink pen.
9. Computer access to ADAPS.
ASSUMPTIONS AND LIMITATIONS:
3. The field water-level measurement has been collected in accordance with GWPD’s.
4. The electric or steel tape has been calibrated according to GWPD’s and any correction factors have been appropriately applied to the measurement value. 
5. The data recording instrument for measuring continuous water levels has been calibrated and is functioning within prescribed parameters.
6. The data recording instrument for measuring continuous water levels has been correctly programmed to record the continuous water-level data.
INSTRUCTIONS:
1. Conversion of Input
The conversion of input equation described is for determining the depth to water below land surface in an ADAPS data descriptor (DD). The conversion of input equation should be used when the data logger or recorder is incapable of being programmed to calculate the depth to water.  When data is collected as pressure in pounds per square inch (PSI) or as feet of water above the transducer (feet), this data is converted to feet below land surface datum by a conversion equation in ADAPS. When the conversion of input equation has been created in ADAPS, data will automatically be converted by the conversion of input equation when loaded into ADAPS.
a. At the time of the water-level field measurement, determine the closest corresponding time in the continuous water-level data. Record the date, time, and the water-level field measurement on the CONVERSION OF INPUT EQUATION FOR CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM (attached at bottom). Record the continuous water-level date, time, and value in the appropriate units location on the CONVERSION OF INPUT EQUATION FOR CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM. If the units of the continuous water-level data are in PSI, convert to feet by multiplying by 2.3067 feet per PSI (ft/psi) and fill in the feet value. 
b. Determine the depth of the pressure transducer by adding the depth to water measurement to the continuous water-level value in feet, enter on the CONVERSION OF INPUT EQUATION FOR CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM. See figure 1. 
[image: Well-N-Transducer.jpg]
	Figure 1. Well diagram. 

c. The formula for the conversion of input has a generic form of A*(B + input)C + D. Two different equations can be entered for determining the depth to water below land surface datum, depending on the units of the continuous data. Type A is for input units of PSI, type B is for input units of feet of water. 
A. PSI: Coefficients for this type are:
A = -2.3067 (ft/psi)
B = 0
C = 1
D = transducer depth determined in step 1.2
B. FEET: Coefficients for this type are:
A = -1
B = 0
C = 1
D = transducer depth determined in step 1.2
d. Enter the coefficients on to the CONVERSION OF INPUT EQUATION FOR CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM.
e. Enter the conversion of input equation into ADAPS.
A. Open an xterm window into NOVADARLRK and type in adaps. [image: ]



B. In the main menu, enter ‘PR’-Primary Data Processing. [image: ]

C. Enter 4-Update/Display Rating Tables. [image: ]

D. The next screen is to select the site and data descriptor (DD) for the conversion of input equation. Enter ‘st’ to enter the site id number for the site. [image: ]

E. Enter the site id number and return. [image: ]

F. Select the DD number for the water level below lsd (ft). [image: ]

G. Enter to continue to the conversion of input equation. [image: ]

H. When entering a new conversion of input equation, note the next number in the sequence of previously entered equations. This will be the next conversion of input equation rating number in a future page, step 1.5K. Carriage return. [image: ]

I. Select 2   MEAS input conversion. [image: ]

J. Data transportation types: use 1 DCP for satlink sites, 2 EDL for modem transmissions or entering data from a file. [image: ]

K. Enter the next rating number from step 1.5H. In this specific case, 4. [image: ]

L. Enter type “3” - equation. [image: ]

M. Enter comments or description of new conversion of input equation. [image: ]

N. Type in the letter for the coefficient and the value, continue to enter all coefficients from step 1.3A or 1.3B.

 [image: ]
O. Edit the rating dates for the new conversion of input equation. Enter only the beginning date if the data collection will continue to enter new data. If the data has a specific date range, enter both the beginning and ending dates. If the new conversion of input equation is replacing a previous conversion of input equation, enter the ending date for the previous equation, ending before the new conversion of input equation begins. [image: ]
P. Enter date, time, and datum code. [image: ]
Q. Check date and time information for new equation. [image: ]
R. Type ‘RE’ - Return to rating menu. 
S. Type ‘QU’ -- Quit this Program. 

[image: ]

1.6 Enter the continuous groundwater data into ADAPS using DECWIZ.
1.7 Check edited unit values in ADAPS for correct conversion of input to depth to water below land surface datum calculation.
A. From the Primary Data Processing menu, step 1.5C, enter 2, Edit Time-Series Data using Hydra. [image: ]
B. Enter the station number, DD, select edited unit values for the data type, and enter the dates for the period of record the conversion of input equation covers. The length of the period cannot be greater than one  year. [image: ]
C. The hydra program will produce a hydrograph, a control window displaying the data, and a zoom window. Check the data in the control window for correct conversion of input. Check water-level field measurement against edited unit value data at date and time of water-level field measurement. If the conversion of input is correct, proceed to next step. Under the file list in the control window, select “exit to ADAPS”. If the conversion of input is not correct, delete the entered data and edit the conversion of input equation. Delete the data by highlighting with the cursor and clicking on the delete button at the bottom of the window. Under the file list in the control window select “save and quit”.[image: ]\
1.8 Set conversion of input equation in ADAPS to review.
A. From the Primary Data Processing menu, step 1.5C, enter 4-Update/Display Rating Tables.
B. Enter the station and data descriptor (Water level, Below LSD (ft)), step 1.5D, when both are entered, return. 
C. Select the rating number, left column, the new conversion of input equation. [image: ]

D. ‘Set the rating to in-review’ by typing ‘ir’ , enter.[image: ]

E. Exit ADAPS by typing EX – Exit ADAPS Programs.


2. Continuous Data Correction
Data corrections are made from water-level field measurements from a calibrated instrument other than the instrument measuring the continuous water-level data. The most common instruments for making water-level field measurements used calibrated steel or electric tapes. Water-level field measurements usually are performed on a periodic schedule, dependent on the project. Corrections should be entered into ADAPS for each water-level field measurement. If the water-level field measurement and the continuous water-level data are the same (i.e. no difference, a correction of 0.00), the correction is recorded on the CORRECTING, REVIEWING, AND APPROVING CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM and entered into ADAPS as 0.00. If the continuous water-level data instrument or data logger is reset/corrected in the field, a correction of 0.00 is recorded on the CORRECTING, REVIEWING, AND APPROVING CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM and entered into ADAPS for the date and time of the reset. 
2.1 Record the date, time, and the water-level field measurement on the CORRECTING, REVIEWING, AND APPROVING CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM (attached at bottom). 
2.2 Open ADAPS, enter PR, then 2 for hydra. Enter the station number for the specified site, use the edited unit values, select the DD for depth to water, and set the date range for at least the period of record to be corrected (if unsure, use a 1-year period). The period of record to be corrected should begin prior to the most recent correction entered and extend to the last water-level field measurement or beyond. [image: ]
2.3 Scroll through the data table in the control window for the date and time of the continuous data closest to the water-level field measurement. Record the date, time, and the continuous value on the CORRECTING, REVIEWING, AND APPROVING CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM. [image: ]
2.4 Quit hydra in ADAPS. Stay in ADAPS. Do not exit. 
2.5 Determine the difference between the water-level field measurement and the continuous value by subtracting the continuous value from the water-level field measurement. The difference is the correction to the continuous data, record the correction on the CORRECTING, REVIEWING, AND APPROVING CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM.
2.6 Record the justification/remarks for the correction on the CORRECTING, REVIEWING, AND APPROVING CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM. (Examples: check measurement correction-instrument drift, cable stretch, reset data logger).
2.7 In ADAPS, enter a correction for the difference recorded on the CORRECTING, REVIEWING, AND APPROVING CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM, from step 2.5.
A. Enter 3, update/display data corrections. [image: ]
B. Enter the correct station, DD, and period, YR, for the data correction. The period is the water year, October through September. Water year 2010 is October 2009 to September 2010. [image: ]
C. Enter the set number, 1, for instrument drift. Use this set number for all corrections base on water-level field measurements. If there haven’t been any corrections entered for the water year it will state “No Records Found” and ask if you would like to add, respond with yes ‘Y’. Then jump to step 2.7E, if corrections have been entered continue to step 2.7D.  [image: ]
D. Enter ‘ed’ to edit/update correction values. This option allows entry of additional data and editing previously entered data. The ‘add’ option only allows adding new corrections, not editing any previously entered corrections. [image: ]
E. Enter ‘a’ to add a correction to the end of the list. The listing must be entered in date and time order. To change a correction already entered, use the up and down arrows to move cursor to the appropriate line, then type ‘c’. Editing keys are at the bottom of the correction listing. [image: ]
F. Enter the month/day, type the slash, if you arrow or space it will delete the slash, then space and the time of the correction. Then ‘enter’. The datum code will be automatically entered. [image: ]

Type in 0.00, ‘enter’, then the correction, then ‘enter’. The cursor will automatically space the correction and jump to the next line. Next ‘enter’ will move the cursor to enter text for justification/remarks comments for the correction. [image: ]
Type in the justification/remark, ‘enter’. [image: ]
If the instrument/data logger was reset. Enter the reset on the next line at the time of the reset, usually 1 minute after the correction, depending on the continuous data time interval. [image: ]

G. Type ‘q’ to exit entry. Type ‘s’ to save and quit entry. 
H. You will be asked to recompute the record, type ‘y’. When the computation is complete, ‘enter’. The ‘qu’ to quit ‘add/update corrections’ to menu.
2.8 In primary data processing, return to 2, hydra, change the data type to computed unit values. Compare the computed unit value for the date and time from continuous value to the water-level field measurement. If the two values match, continue with next step, if they do not match, return to step 2.1 and recalculate and re-enter the correction.
2.9 From the primary data processing menu, run a primary computation, 7, for the period of data starting from the date of the previous correction up to the date prior to the correction just entered in ADAPS. Exit ADAPS by entering ‘ex’. Enter date when primary computation was run on the CORRECTING, REVIEWING, AND APPROVING CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM. Initial the primary computation on the CORRECTING, REVIEWING, AND APPROVING CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM.

3 Data Review
3.1 Get water-level field measurement data from field record, NWIS web, or Groundwater Site Inventory (GWSI) for site to be reviewed. 
3.2 Enter ADAPS, enter PR, enter hydra, 2, step 2.7A
A. Enter the station, set data type to computed unit values, and the date range to cover at least the latest and previous water-level field measurement. [image: ]

B. Compare continuous value, shown in the control window of hydra, to water-level field measurements. If they match, exit hydra and continue to next step. If they do not match, exit ADAPS and return to entering personnel to recalculate and re-enter correction. [image: ]


3.3 Check the CORRECTING, REVIEWING, AND APPROVING CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM for the date and initials for the primary computation.
3.4  Enter data aging, 14, in ADAPS. 
A. Set date range to cover ‘working’ period of record up to the date prior to the correction. The date range should begin with the day following the approved period of record from the previous site visit and correction. 
[image: ]
B. Carriage return. This step is mostly overview by ADAPS[image: ]
C. The next page is a review of the current status of the data in ADAPS. The listing shows the different periods of record and the data aging status. After reviewing, carriage return. [image: ]
D. Select the appropriate time period or enter the dates by hand. [image: ]
E. Enter ‘IR’ to set to in-review. ADAPS will proceed through a series of checks, when the checks are complete, it will state that the period has a status of ‘in-review’.  [image: ]

3.5 Initial and date the “In –Review” on the CORRECTING, REVIEWING, AND APPROVING CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM.

4 Data Approval
4.1 Get water-level field measurement data from field record, NWIS web, or GWSI for site to be reviewed. 
4.2 Enter ADAPS, enter PR, enter data aging, 14, step 3.4A, check period of record for ‘in-review’ status, step 3.4C. Quit data aging menu. 
4.3 In ADAPS, enter PR, enter hydra, 2, step 2.7A. Select computed unit values and date range to cover at least the latest and previous water-level field measurement. Compare continuous value, in control window, step 3.2B, to water-level field measurements. If they match, exit hydra and continue to next step. If they do not match, exit ADAPS and return to reviewing personnel to re-review. 
4.4 Enter data aging, 14, in ADAPS. Set date range to cover ‘in-review’ period of record up to the date prior to the correction. Set record to ‘Approved’, step 3.4A-E. Exit ADAPS.
4.5 Initial and date the “Approved” on the CORRECTING, REVIEWING, AND APPROVING CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM.


CORRECTING, REVIEWING, AND APPROVING CONTINUOUS GROUNDWATER WATER-LEVEL DATA FORM FOR THE ARKANSAS WATER SCIENCE CENTER

Site ID___________________________   Station Name _________________________________________________
Aquifer ____________  Well Depth __________     Alt LSD ____________ Project _________________________
Corrections
Water-level measurement: Date __________ Time ________ Measurement _________                             Adaps Entry
Continuous Value:               Date __________ Time ________ Value ________   Correction ______      Date ______ Initials_____
Primary Comp.  Date_________ Initials_____In-review: Date ________ Initials _____ Aprroved: Date ________ Initials _____
Comments:______________________________________________________________________________________________
Water-level measurement: Date __________ Time ________ Measurement _________                             Adaps Entry
Continuous Value:               Date __________ Time ________ Value ________   Correction ______      Date ______ Initials_____
Primary Comp.  Date_________ Initials_____In-review: Date ________ Initials _____ Aprroved: Date ________ Initials _____
Comments:______________________________________________________________________________________________
Water-level measurement: Date __________ Time ________ Measurement _________                             Adaps Entry
Continuous Value:               Date __________ Time ________ Value ________   Correction ______      Date ______ Initials_____
Primary Comp.  Date_________ Initials_____In-review: Date ________ Initials _____ Aprroved: Date ________ Initials _____
Comments:______________________________________________________________________________________________
Water-level measurement: Date __________ Time ________ Measurement _________                             Adaps Entry
Continuous Value:               Date __________ Time ________ Value ________   Correction ______      Date ______ Initials_____
Primary Comp.  Date_________ Initials_____In-review: Date ________ Initials _____ Aprroved: Date ________ Initials _____
Comments:______________________________________________________________________________________________
Water-level measurement: Date __________ Time ________ Measurement _________                             Adaps Entry
Continuous Value:               Date __________ Time ________ Value ________   Correction ______      Date ______ Initials_____
Primary Comp.  Date_________ Initials_____In-review: Date ________ Initials _____ Aprroved: Date ________ Initials _____
Comments:______________________________________________________________________________________________
Water-level measurement: Date __________ Time ________ Measurement _________                             Adaps Entry
Continuous Value:               Date __________ Time ________ Value ________   Correction ______      Date ______ Initials_____
Primary Comp.  Date_________ Initials_____In-review: Date ________ Initials _____ Aprroved: Date ________ Initials _____
Comments:______________________________________________________________________________________________
Water-level measurement: Date __________ Time ________ Measurement _________                             Adaps Entry
Continuous Value:               Date __________ Time ________ Value ________   Correction ______      Date ______ Initials_____
Primary Comp.  Date_________ Initials_____In-review: Date ________ Initials _____ Aprroved: Date ________ Initials _____
Comments:______________________________________________________________________________________________
Water-level measurement: Date __________ Time ________ Measurement _________                             Adaps Entry
Continuous Value:               Date __________ Time ________ Value ________   Correction ______      Date ______ Initials_____
Primary Comp.  Date_________ Initials_____In-review: Date ________ Initials _____ Aprroved: Date ________ Initials _____
Comments:______________________________________________________________________________________________
Water-level measurement: Date __________ Time ________ Measurement _________                             Adaps Entry
Continuous Value:               Date __________ Time ________ Value ________   Correction ______      Date ______ Initials_____
Primary Comp.  Date_________ Initials_____In-review: Date ________ Initials _____ Aprroved: Date ________ Initials _____
Comments:______________________________________________________________________________________________

1.9 GEOPHYSICAL BOREHOLE LOGGING CALIBRATION AND COLLECTION OF GEOPHYSICAL DATA FOR THE ARKANSAS WATER SCIENCE CENTER

NUMBER: AR-GWPD 3
PURPOSE: To describe the method for preparation and calibrating geophysical logging tools and the procedure for collecting of geophysical borehole data. The collection geophysical borehole logs are essential for the understanding of groundwater hydrologic systems and the construction of groundwater models. Calibration of the measuring instrument is necessary for quality assurance and quality control of groundwater level measurements. 

Telephone Numbers in case of equipment problems:
USGS Texas Water Science Center			
	Greg Stanton			 (512) 927-3558 

Office of Groundwater
	John Williams			(518) 285-5670

Century Geophysical Corp.
	John McCormick		(918) 838-9811  x102
	Brian Peterson			(918) 838-9811  x103



**WARNING**   This is a guide written from a combination of notes taken from Century Geophysical Corp., K. McSwain, and M. Peck.  This is not a complete cookbook.  It is meant as reference.          Last updated March 17, 2010.

The Office of Groundwater Branch of Geophysics has many publications and online reference materials at http://water.usgs.gov/ogw/bgas/. Project Chiefs should consult with the Groundwater Specialist about the use of specific tools to meet project objectives.

THIS DOCUMENT IS NOT INTENDED AS A TRAINING MANUAL.  INEXPERIENCED USERS SHOULD BE SUPERVISED BY EXPERIENCED USERS AT ALL TIMES!!!


LOGGING SYSTEM SET UP

The following is a sequence of steps that should be following in the order shown to insure proper functioning of the borehole logging equipment:
[bookmark: _Toc499949799]1) Position borehole-logging vehicle
· Position the borehole-logging vehicle such that there is a clear, straight line of sight from the center of the drawworks to the top of the well casing.
· Position the tension meter (pulley) above the well either by hanging it off the drill rig or positioning the tripod above the well (See 5) Tripod Setup).

[bookmark: _Toc499949800]2) Configure computer
WARNING:  Connection of interconnect cables after the computer power is turned on may result in a blown fuse in the computer which will cause depth and logging rate data collection  to fail.
· Plug System 6, motor control box, and computer (if it has a plug-in, there is a reason for it) into 110V wall sockets.
· Connect the System6 interconnect cable (gray, 15 pin) from the System6 to the drawworks (round on the drawworks end) 
· Computer Setup: Plug in laptop computer by attaching power cord from the computer to the wall outlet; install the WellCAD dongle key into the USB port; connect the laptop computer to the System6 drawworks control using an Ethernet cable.

Double check that the UP/STOP/DOWN switch on the winch is in the middle position (STOP) the computer switch is in the off position (toggled to O), the motor control power switch on the winch is off, and the tool power switch is off before powering equipment!
[bookmark: _Toc499949801]3) Turn generator on
· Turn the fan on
· Press the start switch until engine fires. Allow engine to run for a few minutes until warmed up.
· Turn breakers to “ON”
· To shut down the generator, follow above steps in reverse order.

[bookmark: _Toc499949802]4) Start LOG program
· Turn on the laptop computer
· When Windows XP finishes booting up, double click on the LOG6 icon on the desktop or open LOG6 in the CENTURY file in the C:\ directory.  This will start the Century logging program.
· A screen appears with 5 buttons in the upper left corner (Log, Cal, Utils, Disp, Help).  Click once on the LOG button
· Three windows appear on the screen (Control Menu, Depth (ft), Collect Window) and only 2 of the menu choices remain (Cal,Help).  
· The Depth (ft) window states a depth (incorrect, you will set later) a rate of 0.0 ft/min and at the bottom it should state “Waiting for tool ID". 
5) Tripod Setup
If logging a borehole with a drill rig set up over the borehole, the tension meter can be hung from the rig.  If logging a well within a structure (wellhouse) the tension meter can be hung in a creative manner over the borehole.  
· Cover borehole with plate, bucket, or well cap.
· Place hardhat on head and steel toe boots on feet.
· Recruit a colleague or roughneck to help.
· Erect the tripod over the borehole.
· Place crossbar supports into tripod legs.
· Place tension meter on the tripod.
· Connect tension meter cable (small diameter, white, dirty) from System 6 box.  
· Using the motor control (see 7) Drawworks Controls below), feed cable to the drawworks and route through the tension meter.
[image: pic 006]
Tension meter, with cable from System 6 box attached.
6) Connect logging tool
· Remove the protective cap from the cable head and put in a safe place for later retrieval
· Inspect cablehead O-rings for damage; if the O-rings are cut or stretched from over use, replace and re-grease them; if the O-rings are dry, re-grease them using a silicon O-ring lubricant 
· Check the part of the cablehead that is protected with rubber hose and electrical tape to see if it needs to be re-taped
· Occasionally, the tape should be removed and the rubber hose moved back to inspect and grease the cable at the cable head
· Remove any dirt or grease from male four-pin connector with a dry paper towel prior to inserting cablehead into tool.  If there is any dirt in the female connector, remove with compressed air or a fine wire.
· Double check that the switch labeled “TOOL POWER” is off.
· Connect cablehead to the desired tool.
· Firmly tighten knurled connector (by hand only).
· Using electrical tape, tape knurled connector in place.
[bookmark: _Toc499949804]7) Drawworks Controls
· Using the drawworks controls, place the tool in the hole and position the tool to the top of the hole or well casing (“zero” position).  If you are not logging from zero, enter the correct tool location.
· The measuring point of the tool is located at the shoulder of the tool (see picture below); the shoulder of the tool should be positioned even with the top of the hole.  
· The drawworks speed control is a variable speed control knob located in the lower left quarter of the drawworks control box and just to the right of the UP/STOP/DOWN switch  
· The UP/STOP/DOWN switch is located in the lower left quarter of the drawworks control box. 
· Release the brake by pulling up slightly on the handle to the left of the drawworks control panel and removing the retaining pin; release the handle 
· Use the UP/STOP/DOWN switch and the speed control knob to position the tool for logging.  The speed control knob should be turned clockwise a very small amount when making small movements of the reel with a tool attached
· Turn on power to the tool.  The tool power switch is located in the upper right corner of the drawworks control box.  If the tool is receiving power, a green light will turn on just above the switch.  If the tool power is turned on without a tool connected to the cable head, the red CABLE OVER VOLTAGE light will illuminate.

NOTE:  When lowering or raising the tool, go very slowly until the rubber coated part of the cable has passed over the pully.  There are two tape-covered clamps on either end of the rubber section that can hang up in the pulley and cause the drawworks to malfunction.
[image: pic 010]
Red line indicates the shoulder of the tool to which the tool is zeroed at.
[bookmark: _Toc499949805]8) Establishing Tool ID
· When tool power is turned on with a tool connected to the computer through the drawworks, the tool transmits its serial number and a data string to the computer.  This is called "tool identification", "tool ID", or "tool transmission".  
· The only thing the tool knows about itself is its serial number.  When the system receives the serial number it looks for a file in the C:\CENTURY\LOG\CAL sub-directory with the serial number and the extension .CAL.  Example: If the tool serial number is 123, the system looks for "C:\CENTURY\LOG\CAL\123.CAL".  
· The calibration file contains the information about the tool type and all calibration information concerning the particular probe by serial number.  
· In addition to the calibration file there is a file, which the system uses, called a Tool Module (TM). 
The tool module knows everything the system needs about the particular probe to acquire data and record a log with all sensor readings on depth, including: the curve names, curve units, in engineering units and in counts per second, (CPS) and the depth offset of each sensor.  This permits the system to record each sensor's reading on depth. Additionally, any conversions or formulas required to convert CPS values to engineering units and application of calibration data is performed in the tool module.
· If the calibration file exists the system reads the calibration file to determine the tool type.  Then the system looks for a file in C:\CENTURY\LOG\TM sub-directory, which is the name of the tool type followed by the extension of .TM.  Example: 9041 tool type, tool module is 9041.TM.   Once the system has the information from both the calibration file and the tool module it applies any calibration values present to the appropriate curves.
· If all of this information is found successfully, the Collect Window will display the tool Type, Mode, S/N (serial number), and Sampling Interval

[bookmark: _Toc499949806]9) Configuring Tool
· Look in the Depth window to see if the tool has been recognized.  A statement “Waiting for tool Config” should appear in the Depth window if it is.  This should take less than a minute.
· Click on the “Configure Tool” button in the Control Menu window, and then respond to the field configurable parameter questions.
· For the 8144 tool a message box stating “Is natural gamma to be recorded in CPS?” appears.  Click on “No” to record Natural Gamma in engineering (API) units
· For the 7074 tool, a message box stating “Is caliper long arm (30 inch)” appears.  Click on “No” unless caliper arm extensions are installed.  If tool configuration is successful, the Depth (ft) window states ”successful tool config”

[bookmark: _Toc499949807]10) Header Information
· Select the “Header” button from the Control Menu Window.  
· Answer the message box “Use Last Header?” by clicking the “Yes” button, which copies the information from the last header into the current log header, or click “No” to start from scratch and edit a completely new header.  
· Select the appropriate edit boxes and enter the required information.
· More specific descriptions about the Header information can be found in Appendix I of this document.  
· Scroll to the top of the header section and click “OK save header and exit” to return to the Control Menu Window
[bookmark: _Toc499949808]11) Set Tool Position
· Using the draworks controls, position the attached logging tool so that the shoulder of the tool is level with the measuring point of the well.
· Select the “Tool Position” button from the Control Menu Window. 
· Enter “0” in the enter tool depth edit box for a tool positioned at land surface.  
· In most cases it is standard practice to position the shoulder of the tool at the top of the well casing (the measuring point for water levels). 
· If this is the case, measure with a tape from the land surface to the top of the well casing.  
· Be sure the top of the tool is set at the measuring point.  
· Enter the measuring point distance above or below land surface into the tool depth edit box as a NEGATIVE number (if above) or POSITIVE number (if below).  For example, if the casing stick-up is 2.25 feet above the land surface, enter -2.25.
· The depth will become positive as the tool moves below land surface.
· The system will only record a sample after the probe HAS MOVED the distance of at least one sample interval in the direction of logging.  
· Additionally, the system will not update the data in the Collect window after the tool header is created and tool depth position in set, until the tool begins moving















[bookmark: _Toc499949809]CALIBRATION
Certain sensors on the logging tools can only be calibrated by Century Geophysical.   These sensors are rugged and failure is apparent (i.e. they are not reading).  According to Century Geophysical, the default (factory) calibrations are generally reasonable for:
· Natural Gamma
· Fluid Resistivity
· SP (Spontaneous Potential)
· Single Point Resistivity
· 16 & 64 inch Normal Resistivities
· Lateral Resistivity
· Temperature
Unless error is apparent, these sensors do not need to be calibrated.  

According to Century Geophysical, the default (factory) calibrations are not generally reasonable for:
· Long & Short Arm Caliper
· Flowmeter

These sensors are calibrated by the user.
To Calibrate:
Click on the CAL button on the top left corner of the screen.
From the Calibration Window, you can select and set system defaults for LOG, Calibrate a tool, compute calibration data, or print calibration data.

[bookmark: _Toc499949810]System Calibration
· Click on “System” in the Calibration menu
· Units should be in feet
· Baud rate is 2400
· Sample Int is 0.10
· Max Weight is 50 (Lower weight gives higher sensitivity)
· Weight Offset is 2306
· Weight Gain is 1752
· Depth Factor is 0.25. 
  (This is specific to the depth encoder on your drawworks)
· Click OK after reviewing/correcting settings













[bookmark: _Toc499949811]Tool Calibration
Click on “TOOL” in the Calibration menu
A calibration curve window will pop up listing the tool name, serial number, and the total number of curves that can be modified by you.  Specifics for each tool follow:

[bookmark: _Toc499949812]7074 - CALIPER Tool Calibration 
[image: caliper]
Prior to logging, user calibration of this tool is necessary.  This is a 2 point linear calibration.  If logging to confirm a known hole size, such as surface casing, one calibration point would then be the pipe ID. A second point near the hole size is also recommended.   For instance, if you were logging a hole with 6 inch casing and an open hole drilled with a 5 7/8” bit, you would calibrate with a 3 inch ring and a 10 inch ring.  Anything round can be used in place of a ring, such as a bucket or the actual well casing.  Measure the diameter and use it in the same manner you would use the ring.

· For calibration, the tool needs to be centered in the calibration ring.  
· Three (3) curves, related to arm length, are available to be modified on this tool:  CALIPER INCH 2, CALIPERL INCH 2, AND CALIPERX INCH 2
· Double click on CALIPER INCH 2 if you are using the short arm caliper (only one set of arms, measures diameters from 1.5 to 20 inches).  This is what we use.
· [bookmark: DDE_LINK1]Double click on CALIPERL INCH 2 if you are using the caliper with one set of extension arms attached to the original set of arms (measures diameters from 1.5 to 42 inches)
· Double click on CALIPERX INCH 2 if you are using the caliper with two set of extension arms attached to the original set of arms (measures diameters from 1.5 to 72 inches)
· A window called calibration points opens
· Under “Point 1” there are 2 fields INCH and CPS.
· Enter the value in inches of the larger calibration ring
· Manually close the caliper arms and place the caliper tool inside the larger calibration ring
· Open the caliper tool inside the large calibration ring.  Make sure the tool is centered.
· Read the value in CPS in the collect window under value
· Type this value into the CPS box beneath the INCH number in the Calibration Points window
· Remove the tool from the large calibration ring and place it inside the smaller calibration ring.  This requires manually compressing the arms, placing the ring over the arms, allowing the arms to open, and making sure the tool is centered.
· Follow the same procedure above but place the values under “Point 2”
· Source ID should be 0
· Click on OK when finished
· Click Save Cal to finalize changes
· The tool is now calibrated
· Recheck calibration by placing the smaller ring back on the caliper tool and read the value displayed in the collect window.  If this value is within 5% of the ring size, calibration is correct.

Note:  Only log uphole with this tool!  Opening the tool while moving downhole will result in damage to the tool and/or the tool sticking downhole!
[bookmark: _Toc499949813]9512 - INDUCTION Tool Calibration
[image: induction]
Prior to logging, calibration of a part of the tool is necessary.  Additional calibration was performed by Century Geophysical and can only be recalibrated by Century Geophysical.
Allow at least 5 minutes after plugging in the tool for the temperature of the tool to equilibrate with the ambient temperature where the tool is being calibrated. (prevents temperature drift) 

User Calibration:
The only manual calibration is on the Conductivity sensor
There is a rubber stopper that indicates the proper placement of the calibration ring.  This point is about 34.5 inches from the bottom of the stainless steel bottom sub
· Double click on AP-COND
· Under Point 1 a value of 0 or 15 should be present at MMHO/M.  15 is used if you are working in very humid/wet conditions, 0 under normal conditions
· Stand at least 10 feet away from any metal object and have an assistant hold the probe vertically in the air in front of him/her with the cablehead down.  
· Click on the capture-off button to obtain the CPS values for air 
· After approximately 20 seconds the Collect Window values will freeze.  Place the CPS value found beside the AP COND label into the Point 1 CPS value in the Calibration Points window.
· Press any key to unlock the collect window.
· Place the 705 mmho/m calibration ring over the bottom portion of the tool and slide to rest on the black rubber ring (remove centralizer by unscrewing stainless steel sub on bottom)
· Stand at least 10 feet away from any metal object and have an assistant hold the probe vertically in the air in front of him/her with the cablehead down.  
· Type 705  in the Point 2 MMHO/M box
· Use the capture feature to collect CPS values as before
· Click Ok when finished
· Click Save Cal to finalize changes


[bookmark: _Toc499949814]8144 – Multi-parameter tool
[image: Multi_2]
There are no sensors to be calibrated on this tool as defaults are used.  However, when using the 8144 tool, the mudfish (connected to the drawworks) must be placed in a mudded hole in the ground in order to get a proper SP reading.   If error is apparent in the default calibration, we do have an electrical resistivity calibration box that can calibrate the long and short normal resistivity, following the prompts in the calibration menu. Temperature and specific conductance can also be calibrated following the prompts in the tool calibration menu. It is best to use the calibration file (unadjusted) that comes from Century unless error is apparent.

[bookmark: _Toc499949817]9800 - Acoustic Televiewer
[image: flow_meter]
There are no sensors to be calibrated on this tool as defaults are used.  However, be sure to fill out the header information to include magnetic declination and bit size.  Also, it is very important that this tool be centralized in the borehole.  Centralizers are provided with this tool.  The centralizers have 3 springs to center the tool in the hole.  Place one centralizer near the cable head and one centralizer near the sensor.  Using the locking bands on the centralizers, adjust centralizer to fit borehole.

Note:  Do not use this tool in a borehole smaller than 5 inches!!! Using the tool in a smaller hole will result in inaccurate readings and possibly cause the tool to stick downhole.

9721 –Electromagnetic (E-M) Flowmeter
A flowthrough chamber is required for the calibration of the E-M flowmeter.  Following the prompts in the calibration menu, enter the value of flow in feet per minute (gallons per minute * 25 = feet per minute for a 4 inch flow chamber) and the cps from the E-M flowmeter.  Begin with zero flow (flow chamber full, valve closed) and then repeat with a higher velocity.  After calibration, check zero flow.  If the flow is at or near zero, the tool is calibrated.
NOTE:  Do not use this tool in boreholes less than 4 inches!!! Because of the use of centralizers, the tool will stick downhole.  

DECONTAMINATION
All downhole borehole geophysical logging equipment, including tools, must be decontaminated prior to and after field logging of boreholes. This will include wiping down the logging cable and using sprayers and brushes to clean the downhole tools. The recommended order of cleaning procedures are as follows 
0. Initial rinsing using tap water; 
1. Cleaning - using Alconox or similar soap product, use scrub brushes and clean paper towels; 
2. Second tap water rinse to remove soap film; 
3. Final de-ionized water rinse. 
*Note: If contamination is likely to be present in a well, solvents such as methanol, ethanol, and hexane may be required as a rinsing agent. However, no organic solvents should be used at State research or other pristine sites. The decontamination process can introduce traceable amounts of these contaminants into the groundwater system. 
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OFFICE OF GROUND WATER TECHNICAL MEMORANDUM 94.02


Subject:  Guidance for the preparation, approval, and archiving
          of aquifer-test results

Analyses of aquifer tests to define the hydraulic characteris-
tics of a specific aquifer or aquifer system are an integral
part of our interpretive ground-water investigations.  The
results of these analyses are critical components of flow-system
or solute-transport analyses and important to conclusions
published in U.S. Geological Survey (USGS) reports.  Conse-
quently, reported aquifer characteristics such as hydraulic
conductivity, transmissivity, storativity and other hydraulic
characteristics derived from aquifer-test analyses must be
clearly documented and technically defensible.  The purpose of
this memorandum is to describe guidelines and procedures
necessary to obtain approval for the results of aquifer tests
analyzed by employees of the Water Resources Division (WRD) and
to provide guidelines for archival of the test results.


BACKGROUND

According to WRD Publications Guide (Article 11.01.2) "....calcu-
lated hydraulic characteristics such as transmissivity, hydrau-
lic conductivity, and storage coefficient, are interpretive and
must be approved by the Director, unless cited from a Director-
approved report."  In a memorandum dated March 11, 1992, the
Assistant Chief Hydrologist, Scientific Information Management,
delegated authority to approve aquifer-test results to the
Regional Hydrologists.  Approval is required for all calcula-
tions of aquifer-hydraulic characteristics to be released to the
general public, to cooperators, or published in or otherwise
used to support the results of investigations reported in
USGS-approved reports.

Estimates of aquifer-hydraulic characteristics commonly are
obtained from "textbook" or published values for various
lithologies.  These are not considered calculations of aquifer
characteristics and do not require approval under the terms of
this memorandum.  In addition, estimates of transmissivity
determined on the basis of specific-capacity measurements do not
require approval.


DOCUMENTATION, APPROVAL, AND ARCHIVAL OF AQUIFER-TEST RESULTS

While the USGS encourages the publication of aquifer-test
results, it is not feasible to publish the data and graphical results
for every test conducted.  In all cases, either as part
of a formal report or as a separate packet, aquifer-test results
should be submitted to the Regional Ground-Water Specialist for
review and subsequent approval by the Regional Hydrologist.  The
Regional Ground-Water Specialist reviews the report manuscript
or aquifer-test packet to assess (1) that the report or packet
contains the necessary data and related information to properly
analyze the subject test(s), and (2) that the analyses and
results are technically defensible.

Elements that typically should be submitted for review are
listed below.  These elements assume an aquifer test comprising
a pumping well and one or more observation wells and should be
modified as appropriate for other types of tests such as a
single-well slug test. The eight elements are as follows.



1.  A brief description of the test (this can be neatly
    hand written) which includes the purpose, date, test
    procedures, and methods of analysis of the results.
    Any unique or unusual features or problems related to
    the test or to the collection and analysis of test
    data should be described.  A brief description of the
    assumptions used in analyzing the test results also
    should be included, as needed to clarify the test.

2.  A sketch of the test site showing the distances from
    the pumped well to all observation wells and the
    location of any boundaries, streams, springs, ditches,
    pumping or flowing wells, or other features that
    possibly could influence test results.  Where the test
    includes multiple wells, the sketch of the test site
    should be drawn to scale.

3.  Description of test and observation well construction,
    including screened and open interval(s), casing and
    screen diameters, and location of filter pack and
    grouted intervals.

4.  A description of the site hydrogeologic characteris-
    tics, including sections that show the major water-
    bearing and confining zones or units.  The intervals
    of the pumping and observation wells that are screened
    or open should be depicted on the logs or sections.

5.  Time-discharge records of the pumped well (all
    measurements, not just average discharge).

6.  Water-level records and hydrographs showing pre-test
    trends and water levels during the pumping and
    recovery phases.

7.  Description of methods and computations showing
    adjustments to drawdown for pre-test trends,
    adjustments of recovery for projected drawdown, or
    adjustments to account for extraneous effects not
    related to pumping or recovery, such as barometric and
    tidal effects or other interferences.

8.  All plots of observed or adjusted drawdown or recovery
    data used to determine hydraulic characteristics,
    showing match points, when used, and computations.

It is recognized that in some cases it is not possible to
provide a complete description of these eight elements.
Investigators are encouraged to discuss their plans with the
Regional Ground-Water Specialist to determine the requirements
for a particular test packet or report before they forward it
for review and approval.

A transmittal memorandum, indicating that the test results have
been reviewed by the District or Area ground-water specialist or
his or her designee, should be included with the test packet or
report.  This review should include at least some checking of
the field data and a verification that the test results are
appropriate, given the site hydrogeology, well construction, and
test conditions and that the test results have been reviewed
independently before being submitted for regional review and
approval.

Following approval by the Regional Hydrologist, the packet or
report will be returned to the originating District or Office
where the hydraulic characteristics and related site and well
data should be entered into the Ground-Water Site Inventory
System or National Water Information System (NWIS) and the
packet and associated information appropriately archived in a
District "aquifer-test file."  These archived aquifer-test files
should include the draft-report routing sheet or packet-review
transmittal memorandum.  Districts also are encouraged to
archive test analyses and results completed prior to this
memorandum.  The aquifer-test files will be reviewed as a
routine part of District ground-water discipline reviews.

If computer software is used in the aquifer-test analysis,
the policy outlined in Office of Ground Water Technical
Memorandum 91.04, dated August 14, 1991, must be followed.  This
policy requires that the theoretical basis of the software be
documented and that it be demonstrated that a test-data set can
be correctly analyzed using the software.  Submittal of a
computer-software analysis does not eliminate the need for the
information described in item element 8, above.

This memorandum discusses information needs in the context of
single- or multiple-well aquifer tests. Aquifer characteristics
also may be calculated by other methods, such as, determination
of aquifer diffusivity from attenuation of a tidal pulse or
flood wave through an aquifer, or using hydrograph-recession
characteristics.  The same review procedures should be followed
for these types of analyses, and information in the report
manuscript or packet must be adequate to enable reviewers to
visualize the physical system, evaluate all data, verify all
calculations, and assess that the methods and results are
defensible.

                                   Sincerely,




                                   /s/ William M. Alley
                                   Chief, Office of
                                   Ground Water

Attachment

Distribution:  A, B, S, FO, PO
OFFICE OF GROUND WATER TECHNICAL MEMORANDUM NO. 96.04

Subject:  PUBLICATIONS--Policy on documenting the use of 
          ground-water simulation in project reports

It has been more than two decades since Ground Water Branch 
Technical Memorandum No. 75.11 was released on the subject of 
documenting the use of ground-water simulation in project 
reports.  Because of the time lapse, changes in modeling 
techniques, and the frequency of problems found when reports are 
reviewed, a revisit to policy on this subject is appropriate.

There is no rigid checklist or recipe for reporting on the use 
of simulation in a ground-water study.  The appropriate level 
of documentation will vary depending on the project objectives 
and the complexity of the simulations.  The general structure of 
a well-constructed report describing simulation is much the same 
as that for any investigative study.  It should present (1) the 
objectives of the study, (2) a description of the work that 
was done, (3) logical arguments to convince the reader that 
the methods and analyses used in the study are valid, and 
(4) results and conclusions.

Specific topics that should be addressed in reports that 
describe studies in which simulation is used include the 
following.

1. Describe the purpose of the study and the role that 
simulation plays in addressing that purpose.  

The objective of the simulation must be clearly stated.  The 
model should be represented as a tool to help solve specific 
problems or answer specific questions rather than as an end 
product.

2. Describe the hydrologic system under investigation.  

The extent, nature of boundaries, transmitting properties, 
storage properties, sources of water, discharge mechanisms and 
other relevant components of the ground-water system should be 
described as known or conceptualized.  Usually this can be 
accomplished in part by referencing previous works, but major 
relevant system characteristics should be summarized in the 
report that describes the simulation.

3. Describe the mathematical methods used and their 
appropriateness to the problem being solved.  

In most cases, a reference to a readily available publication 
will be sufficient to document mathematical details; however, it 
will usually be desirable to briefly summarize the methods that 
are used.  For a well-documented computer program, this will 
often require only a paragraph or two.  If a documented computer 
program is modified such that computed values are affected, the 
modifications should be documented and evidence that the 
modifications are correct should be supplied.

4. Describe the hydrogeologic character of the boundary 
conditions used in the simulation of the system.  

In many cases, the model boundaries are placed where the aquifer 
terminates against relatively impermeable rocks or is 
intersected by a perennial stream whose head variation in time 
and space is known.  In other cases, the aquifer may be so 
extensive relative to the area of interest that the modeled area 
may need to extend beyond the project area to accurately 
simulate the natural boundaries of the aquifer system.  If the 
modeled area is arbitrarily truncated at some distance from the 
area of interest, it should be shown that the selection of the 
arbitrary boundary condition does not materially affect the 
ability of the model to simulate the system for the purposes of 
the study.  Internal boundaries such as streams, lakes, and 
pinchouts of important hydrogeologic zones should be identified 
and their representation in the model should be described in the 
report.  A clear, convincing argument of the appropriateness of 
the boundary conditions used in the model to represent the 
actual system should be made for the entire bounding surface of 
the modeled volume or cross section, as well as for any internal 
boundaries.

5. If the method of simulation involves discretizing the system 
(finite-difference and finite-element methods for example), 
describe and justify the discretized network used.  

The spacing and distribution of the blocks, elements, or 
subregions should reflect, in part, the spatial variability of 
the hydraulic parameters and the location of boundaries (for 
example streams, lakes, bed pinchouts), human-made features (for 
example wells and dams), and stresses.  In most cases, a map 
showing the discretized network superimposed on the study area 
is required.  Vertical discretization should be described and/or 
shown on illustrations.  The manner in which time is discretized 
for transient models also should be described.  If a steady-
state model is used to simulate an average or approximate steady-
state condition, discuss the errors that could be introduced in 
the study results as a consequence of using a steady-state model.

6. Describe the aquifer system properties that are modeled.

Explain whatever inferences are made from field data and 
previous studies as to the spatial variation of hydraulic 
properties of aquifers and confining beds and how discretized 
values are computed throughout the simulated area.  During model 
calibration (see item 9), modeled values are often changed; the 
final aquifer system properties that are modeled should be 
described in the report.  This can be through maps or 
descriptions in the text.  Lists of model arrays do not 
generally provide much understanding of the model and 
accordingly should not be included in the report unless it is 
expected that readers will want to repeat the simulations.  If 
lists of arrays are included, they should usually be provided on 
electronic media.  Note that Office of Ground Water Technical 
Memorandum No. 93.01 describes the separate requirement for 
archiving the complete model data sets used in ground-water 
projects.

7. Describe all the stresses modeled such as pumpage, 
evapotranspiration from ground water, recharge from 
infiltration, river stage changes, leakage from other aquifers, 
and source concentrations in transport models.  

The relations between observed and modeled stresses should be 
described.  For example, it usually is desirable to provide a 
representative sample of actual pumping histories and the 
corresponding modeled pumping histories, although such 
information would not necessarily be provided for every pumped 
well.  The manner in which stresses are averaged within the 
discretized time and space scheme should also be described.
If a steady-state model is used to simulate an average or 
approximate steady-state condition, describe how the average 
stresses representing this system are calculated.

8. For transient models, describe the initial conditions that 
are used in the simulations.  

Ideally, a transient simulation will start from a steady-state 
condition, and the steady-state initial conditions will be 
generated by a steady-state simulation using the same model.  In 
this case, the steady-state simulation must use the same 
hydraulic and stress parameters that are used in the transient 
simulation, except that the transient stresses are removed.  In 
situations where it is not possible to start a transient model 
from a simulated steady-state condition, it is necessary to 
describe how the initial conditions were derived.  It is also 
important to estimate the error in the derived values and the 
possible impact on the model results.  

9. If a model is calibrated, present the calibration criteria, 
procedure, and results.  

Describe the source of the observed data to which model results 
are compared.  Explain the appropriateness of using these data 
for model comparisons and the rationale for any adjustments made 
to actual observations when making the comparisons.  For 
example, when steady-state models are used to simulate an 
approximate steady-state condition, it is important to explain 
to what extent the observations that have been made at specific 
points in time correspond to the approximate steady-state 
condition being simulated.  Give a representative sample of the 
actual comparisons used for calibration, and show the locations 
of the observation points on maps.  When the number of 
observations is extensive, locations of representative points 
can be shown.  It is important to report and use as many types 
of data as possible for calibration.  For example, in a flow 
model, both head and flow observations are desirable for use in 
calibration.

10. Discuss the limitations of the model's representation of the 
actual system and the impact those limitations have on the 
results and conclusions presented in the report.  

Evaluating the sensitivity of the computed model responses to 
changes in parameter values that reflect plausible parameter 
uncertainty helps to assess the model reliability.  If the model 
is to be used to make specific projections, it is useful to 
estimate the impacts of the uncertainty of parameter values on 
the projections.  In calibrated models, a concern is non-
uniqueness, which is the extent to which other combinations of 
parameter values or configurations may result in an equally good 
fit to the observed data.  Discuss the extent to which 
nonuniqueness may affect the use of the model in the study.

In summary, a report describing a study in which simulation is 
used should address the above topics; however, there is 
considerable flexibility in the form of such a report.  The 
report should describe the purpose of the simulation and 
convince the reader that the use of simulation is credible.  The 
report should further describe the system being simulated, the 
methods of simulation, and the data that are used.




                        William M. Alley
                        Chief, Office of Ground Water

Distribution: A, B, S, FO, PO

This memorandum supersedes Ground Water Branch Technical 
Memorandum No. 75.11


OFFICE OF GROUND WATER TECHNICAL MEMORANDUM NO. 00.02

Subject:  PROGRAMS AND PLANS--Update of the National Policy to
          Archive Ground Water Flow and Transport Models

INTRODUCTION

Office of Ground Water Technical Memorandum 93.01 established a policy for
archiving ground-water flow and transport models.  Although the fundamental
policy remains the same, there is a need to update the policy to account
for changes in storage technology and the wider use of supporting software
to generate input data for the models.  Rather than describing only the
changes, this memorandum contains the complete revised policy.

POLICY

Ground-water flow and transport models are an integral part of our
interpretive ground-water investigations, and the results of these models
form the basis for many of the conclusions published in U.S. Geological
Survey reports. The numerical data and related information that comprise
these models need to remain available to: (1) support and validate the
results in published reports, (2) assure that working versions of all
models are available for future scientific use, and (3) assure that the
data are available to the public when requested.  The appropriate model
data and related information are to be stored in a permanent,
well-documented manner to ensure their continued availability.

All ground-water flow and transport models that are a significant part of
ground-water investigations with completion dates of October 1993 or later
are to be included in a model archive.  The Regional Ground Water
Specialists are to act on behalf of the Office of Ground Water to assure
that all required information is present in the archive.  Status of the
archives also will be examined as a routine part of District ground-water
discipline reviews.  Implementation requirements for the archive are
presented in an Attachment to this memorandum.

The archive is for internal Water Resources Division (WRD) access and use.
The release of information from the archive is subject to compliance with
any existing WRD policies that may apply to the public release of such
information.  For example, the archive can be used to provide the public
with input data for model simulations that are described in a published
report.  Other data in the archive that were not directly used as model
input may require additional documentation prior to release.  For example,
geographic information system (GIS) data that were used to create model
input files may be stored in the archive, but such data could contain
interpretive information that was not documented in the model report.

The ground-water model archive does not relieve individual investigators of
the need to fully describe and document model analyses in their reports.




                                   William M. Alley
                                   Chief, Office of Ground Water

Attachment

WRD Distribution:  A, B, S, FO, PO
Regional Ground Water Specialists, NR, CR, SR, WR

This memorandum supersedes Office of Ground Water Technical Memorandum No.
93.01


ATTACHMENT

IMPLEMENTATION OF DISTRICT GROUND WATER MODEL ARCHIVES

Each District will set up an on-line archive on a locally based computer.
The archive must be located on disks that are routinely backed up as done
for other mission critical information.  Optical disk storage cannot be
used as a substitute for on-line storage.

The archive will consist of a main directory.  The suggested name for this
is GWMARCHIVE; however, another name can be used if desired.  A report
subdirectory, located directly below the main directory, will be
established for each published report containing a ground-water flow or
transport model analysis.  Each report subdirectory should be given a name
that clearly reflects the U.S. Geological Survey report number.

A subdirectory named CONTENTS, located immediately below each report
directory, will include one or more files that contain: (1) the full
reference for the subject report; (2) descriptions of the subdirectory
structure and of the files contained in each subdirectory, (3) descriptions
of data file formats, when appropriate; (4) the sequence of model runs; and
(5) instructions for running simulations.

The archive must include the model source codes, input files, macros and
operating files such as UNIX shell codes and personal computer batch (BAT)
files, and model output files for each simulation described in the report.
These simulations will include (when applicable) the final calibrated
steady-state and transient results and any predictive results described in
the publication.  Model results of minor importance, such as interim
calibration runs, should not be archived.  The model output files are
included to allow future verification that the model reproduces the
published results when the input files are rerun.  Input files must be
stored as read by the model.  Typically the input files will use an ASCII
format. In cases where model input files are proprietary or
machine-dependent, ASCII versions of the files should also be stored in the
archive if it is possible to generate them.  The ASCII version will make it
more likely that the files can be used on virtually any computer without
the need for specialized or proprietary software.

The storage of additional ancillary data is optional, but is strongly
encouraged.  Examples of ancillary data that might be stored are GIS data
files, data stored by pre-processor codes, or other data directly related
to the model simulations.  Where possible, these data should be stored in a
widely supported format as opposed to a proprietary format.  For example
ARC/INFO offers the ability to export GIS data stored in their proprietary
coverage format into formats that can be read by other applications.  If
ancillary data are stored elsewhere in permanent USGS storage systems, then
there is no need to duplicate the storage in the model archive.
Documentation of ancillary data must include a description, the source,
format, the version of software on which it was produced, etc.

When the input data of one model depends directly on output from another
model, both models are to be included in the archive.  If the models are
documented in separate reports, a cross-reference between the reports must
be included in the CONTENTS directory of the archive entry for each report.

The appropriate model files must reside in the District archive when the
report is submitted to the Region for approval.  If additional model
simulations are required as a contingency for approval, these simulations
should replace, or be added to the archive as appropriate.


OFFICE OF GROUND WATER TECHNICAL MEMORANDUM 00.03

Subject: PROGRAMS AND PLANS-Establishment of a National Policy to Archive
         Borehole-Geophysical Logs

   Borehole-geophysical logging is an important part of many geologic and
hydrologic investigations.  Increasingly, geophysical logs are collected as
digital data rather than paper analog charts.  At present, the U.S.
Geological Survey (USGS) has no standardized format for storing digital
geophysical logs.  Establishment of a standard format for storing digital
logs is important for the future development and application of USGS
geophysical databases.  This memorandum presents such standards and
establishes the policy that all digital geophysical logs collected after
October 30, 2000 be archived in a District database following these
standards.  The standard format has been designed to include the necessary
information, to correspond to but not duplicate what is stored in the
National Water Information System (NWIS), and to be flexible so as to not
greatly increase manual data entry.

   The borehole-geophysical log archive must be in ASCII format and consist
of the following:

1. Header that includes the NWIS site ID, station name, and other ID;
   logging operation and procedures; log-measuring point; magnetic
   declination; borehole and hydrologic conditions at the time of logging;
   and probe and calibration/standardization information (probe type and
   serial number and calibration/standardization date, standard, and
   response).
2. Data-identification heading that immediately precedes the data records
   and describes the data by column and includes a depth column heading
   followed by log parameter column heading(s); the column headings consist
   of two lines, parameter names on the top and corresponding units below.
3. Data records that include depth values and corresponding data values for
   one or more log parameters.

   ASCII headings and data records generated following the Log ASCII
Standard (http://www.cwls.org/las_info.htm) and other common digital
logging formats are acceptable for archiving purposes.  An example log
archive entry is shown in Attachment A.

   An NWIS site must be established for the logged borehole.  Borehole
construction greatly affects geophysical log response.  Many boreholes are
logged prior to their final completion so timing and details of
construction in relation to log-data collection is critical for log
analysis.  The casing and opening type, depth, and diameter data for the
hole at the time of logging must be part of the construction data sequence
entries in NWIS.  Information on logging operation and procedures,
log-measuring point, magnetic declination for magnetically oriented logs,
borehole and hydrologic conditions, and probe calibration/standardization
also is critical for log analysis but presently is not stored in NWIS.
This information, therefore, must be stored as part of the log header.

   As shown in the example (Attachment A), any pre-existing log headers
should be included after the standard header and before the headings and
data records.  In most cases, digital logs can be easily entered into the
data archive by simply adding the standard header in front of the log-data
file.  A log header entry program has been developed to aid in the
generation of the standard header.

   Some digital log data such as acoustic- and optical-televiewer and
borehole-radar data are not conducive for conversion to a standard format,
so they will need to be archived in their existing form.  Software needed
to display and analyze such log data should be identified in the log
header.

   Each District will set up an archive on a locally based computer system.
The archive will consist of a main directory called LOGARCHIVE.  Each
geophysical log file name will include the NWIS 15-digit Site ID number,
date of log collection (year month day), two-letter log-type code, and
sequence number extension.  The first log of the same type collected on a
particular day would have a sequence number of 01, the second, 02, etc.
The path name for the example entry shown in Attachment A would be:

LOGARCHIVE>424531077564201.20000601.MI01

   An executable file of any software needed for analysis of non-standard
log files should be included in the LOGARCHIVE with explanation of security
measures for proprietary programs.

   The log header entry program may be downloaded from the Office of Ground
Water (OGW) internal web page (http://water.usgs.gov/usgs/ogw).  The master
lists of geophysical log-type codes and heading-log parameters and units
also will be maintained on the OGW web page.  Requests for additional log
types and parameters should be directed to the OGW Borehole Geophysics
Advisor (jhwillia@usgs.gov).  The Regional Ground-Water Specialists are to
act on behalf of the Office of Ground Water to assure that the
borehole-geophysical logs collected by the Districts are properly archived.

   Adherence to the policy of archiving borehole-geophysical logs will
ensure that data collected by District offices will remain available for
support of published reports, future scientific investigations, and data
requests from the public.




                                         William M. Alley
                                         Chief, Office of Ground Water

Attachment

Distribution:  A (without attachment)
          DC, Regional Ground-Water Specialists, NR, SR, CR, WR
          Chief, Branch of Geophysical Applications and Support, CT
          John Williams, NY


                    Attachment A   Example log archive


                          U.S. GEOLOGICAL SURVEY
                              GEOPHYSICAL LOG
                  (output from log header entry program)

Site ID (C1): 424531077564201
Station name (C12): 515
Other ID (C190): MW-8
Date of log: 06-01-00
Start time of log: 15:35
Office/logging unit: USGS Any District
Logging operator: Jane Smith
Observer: John Doe

Description of log-measuring point: Land Surface
Height of log-measuring point above/below land-surface datum: 0.0 FT
Altitude of log-measuring point (NGVD): 516.0 FT
Log orientation: Magnetic North
Magnetic declination: 10
Logging direction: UP
Logging speed: 20 FT/MIN
Depth error after logging: 0.8 FT

Logging probe manufacturer: Century
Logging probe model: EM Induction, Gamma  #9510
Logging probe serial number: 746
Description of calibration/standardization: Century Calibration Ring
Date of calibration/standardization: 06-01-2000
Standard: 0 ms/M
Response: 72775 CPS
Standard: 690 ms/M
Response: 110400 CPS

Borehole fluid type: WATER
Depth of borehole fluid below log-measuring point: 364 FT
Borehole fluid resistivity/conductivity: 8 OHM-M
Borehole fluid temperature: 53.5 F
Hydrologic conditions: Mine-room roof collapse resulted in flooding of the
mine and major drawdown
in the overlying aquifers.
Software for non-ASCII logs: NA
Remarks: Borehole is 200 ft southwest of the edge of the sinkhole formed by
the mine-roof collapse.



                           Attachment A (cont.)
             (pre-existing log header--from logging software)

COMPANY        : US GEOLOGICAL SURVEY
WELL           : MW-8
LOCATION/FIELD : SALTVILLE
COUNTY         : SALT
STATE          : ANY
SECTION        :            TOWNSHIP          :            RANGE  :
DATE           : 06/01/00   ELEV. PERM. DATUM :
DEPTH DRILLER  : 702        LOG MEASURED FROM: LSD  GL
LOG BOTTOM     : 701.9      DRL MEASURED FROM:
LOG TOP        : 516.7      LOGGING UNIT      : ANY      TYPE  : 9510C
CASING DRILLER : 520        FIELD OFFICE      : ANY      THRESH:
CASING TYPE    : STEEL      RECORDED BY       : JANE SMITH
CASING THICKNESS  :         BOREHOLE FLUID    : WATER
BIT SIZE       : 6

DEPTH          GAM(NAT)  COND     RES(FL)                     |  data
identification heading
     FT        CPS       MMHO/M   OHM-M             |

     516.7     21        5552.334 0.180             |
     516.8     40        5543.827 0.180             |
.................                                                       |
ASCII data
.................                                             |
     701.8     210       27.428   36.459            |
     701.9     245       28.732   34.804            |




OFFICE OF SURFACE WATER TECHNICAL MEMORANDUM NO. 2005.07
OFFICE OF WATER QUALITY TECHNICAL MEMORANDUM NO. 2005.02
OFFICE OF GROUND WATER TECHNICAL MEMORANDUM NO. 2005.03
SUBJECT: Use of the Program HYDRA to Estimate or Modify Unit Values in ADAPS
THIS DOCUMENT SUPERSEDES:
OSW TECHNICAL MEMORANDUM NO. 2003.02
OWQ TECHNICAL MEMORANDUM NO. 2003.02
OGW TECHNICAL MEMORANDUM NO. 2003.01
BACKGROUND:
The latest release of the National Water Information System (NWIS) Automated 
Data Processing System (ADAPS), version 4.5, for the first time allows the 
direct editing of “computed” unit values. In previous NWIS releases only 
“edited” unit values could be manipulated in HYDRA. Also in this release, the 
computed unit values changed or added in Hydra automatically will be assigned an 
“estimated” remark code (e) which in turn will cause corresponding daily values 
subsequently computed from an ADAPS primary computation to be flagged as 
estimated. The release of these features as part of NWIS 4.5 requires updating 
the previous policy on editing unit-value data using HYDRA. 
It is now important to make a distinction between “edited” and “computed” unit 
values. “Edited” unit values are those that come directly from a field 
instrument but have undergone editing by a hydrographer. Such editing is limited 
and in general reflects the removal of bad data, application of remark codes, or 
combination of data from multiple data sources into one data set. “Computed” 
unit values are edited data that have had any necessary systematic data 
corrections applied. These corrections may be related to instrument drift, 
fouling, or corrections to a different datum, but in all cases are applied 
though the ADAPS primary processor rather than by hand. These types of unit 
values are commonly called computed “input” unit values. Computed unit values 
also may be values that are not directly recorded in the field but are 
calculated from another 
parameter, such as discharge calculated from stage or salinity calculated from 
specific conductance. These types of unit values are commonly called computed 
“output” unit 
values. Both computed input and output unit values reflect the final values of a 
given parameter, and are the only unit value data able to be displayed on 
NWISWeb.
These changes in the NWIS 4.5 release and the policy outlined in this memorandum 
are continuing steps toward making unit values the primary basic product of our 
data collection programs. However, there is nothing in this policy that requires 
the estimation of data at the unit value level at this time. For discharge and 
other time-series data for which estimating missing record is common (e.g., 
sediment load), it remains acceptable to estimate daily values. The new tools 
added to HYDRA allow and facilitate the estimation of data at the unit-value 
level where appropriate, as described below, and/or can be used to increase the 
efficiency of records processing.
POLICY:
The following guiding principles shall be used to judge the appropriate use of 
HYDRA to estimate or modify unit values:
1. Modifications to “edited” unit values should be limited to the application of 
appropriate remark codes, copying or hand entry of data from other sources, or 
removal of obvious spikes or other spurious data. Edited unit-value data should 
never be created if it did not previously exist on some recording device. Note 
that direct observation of a parameter and manual recording of this observation 
in field notes is considered a recording device. 
2. “Computed” unit values may be estimated by editing existing data or adding 
new data as necessary, subject to limitations based on the type of data being 
collected (see Appropriate and Inappropriate Uses below). This refers to both 
computed input parameters (e.g. stage) and output parameters (e.g. discharge). 
This editing may be done using all the available tools in HYDRA including the 
graphical editor. 
3. Otherwise correct input data, whether edited or computed, should not be 
changed simply to get a correct computed output result. 
4. It is preferable to estimate output unit values such as discharge directly, 
while still recognizing that input data have value to the user community and are 
not just a surrogate for the output unit values.
5. Estimation of ground-water level and water-quality time series data are not 
acceptable.
Appropriate uses:
1. It is appropriate to use the graphical editing option of HYDRA for computed 
unit values if there are stage data problems of any kind, including missing 
data. It is 
preferable that the estimates be done to the discharge data directly and that 
the bad stage data be marked erroneous. However, the computed stage data may be 
estimated and the estimated discharge developed from the primary computation, if 
it is important to have a complete stage record. 
2. It is appropriate to “paste” edited unit values from backup sources into the 
primary data source using the “select and paste” option in HYDRA. Backup 
measurement sources must record values at the same site. For example, stage may 
be measured at a site using a pressure transducer (primary sensor) and a 
float/counterweight (backup sensor); measurement of water-quality parameters may 
be made during the time that the water-quality sensors are removed for 
servicing.
3. It is appropriate to add an “erroneous” remark code (X) or to delete any 
spurious edited unit value data. It is preferable to mark such data “erroneous” 
as the decision is tracked more appropriately within the database. However where 
the data exhibit extreme fluctuations or spikes that will make graphical display 
of the dataset difficult due to scale issues, it is acceptable to delete the 
spurious edited unit value data.
Inappropriate uses:
1. HYDRA should NEVER be used to alter correctly recorded input unit values 
simply to generate correct output unit values. For example, input stage values 
that are correct, but are ice affected, should never be “adjusted” to create 
stage values which, when applied to a rating curve, yield the correct discharge 
unit values. Similarly, correctly recorded stream-stage values that are affected 
by backwater should not be edited to yield correct discharge unit-values. When 
these situations occur the discharge unit values should be estimated directly.
2. HYDRA should not be used to estimate missing ground-water levels or 
water-quality data. Only measured ground-water levels or water-quality values 
should be stored in NWIS and published in the Annual Data Report.
The version of HYDRA released as part of NWIS 4.5 has several changes that help 
enforce many of the above policy decisions. These include:
The direct importing of “computed” unit values into HYDRA and their graphical 
editing is now supported. Any editing of computed unit values will result in the 
automatic application of an “estimated” remark code and primary processing will 
pass that estimated remark code to any calculated unit and daily values.
Graphical editing of “edited” unit values has been turned off. This reflects the 
fact that such mass editing is actually data estimation and should be done to 
the computed unit values. The utility, nwts2rdb, has been modified to retrieve 
water levels from GWSI.
 
Stephen F. Blanchard /s/
Chief, Office of Surface Water
Timothy L. Miller /s/
Chief, Office of Water Quality

William M. Alley /s/
Chief, Office of Ground Water
  

OFFICE OF GROUND WATER TECHNICAL MEMORANDUM NO. 2006.03 
SUBJECT: Guidance for Determining the U.S. Geological Survey Role in Borehole 
Geophysical Logging 
This memorandum presents general guidance for defining the U.S. Geological 
Survey (USGS) role in conducting borehole geophysical logging. Geophysical 
logging involves the collection of depth-specific measurements of geohydrologic 
properties through use of downhole sensors housed in logging probes that are 
connected to a surface control unit. Geophysical logs are used to provide 
detailed information on subsurface conditions essential for the development, 
management, and monitoring of ground-water resources and the characterization 
and remediation of contaminated sites. 
With recent advances in technology, geophysical logging increasingly is used in 
ground-water investigations. Examples of applications to ground-water 
investigations include: 
  General geohydrologic characterization on a site- or aquifer-wide basis 
  including identification of lithology and geologic structure, fracture systems 
  and properties, and characterization of aquifer and borehole fluid properties, 

  Borehole-specific geohydrologic characterization for the design of hydraulic 
  tests, water-quality sampling programs, and discrete-zone monitoring systems, 
  Monitoring of hydrologic processes and remediation measures, and 
  Corroboration and calibration of geologic mapping and surface geophysical 
  surveys. 
The USGS has a long history of leadership in the development and application of 
geophysical logging tools and methods for ground-water investigations 
(Schneider, 1962; Keys and MacCary, 1971; Taylor and Dey, 1985; Keys, 1990). 
Examples of recent USGS research and development include the ‘tool-box’ approach 
to geophysical characterization of fractured rock aquifers (Haeni and others, 
2001), use of oriented acoustic and optical image logs (Williams and Johnson, 
2004), use of borehole radar logs in single- and cross-hole tomography modes 
(Lane and others, 1994; Day-Lewis and others, 2003), and use of flowmeter logs 
in unconsolidated and fractured rock aquifers (Hess, 1982; Hess and Paillet, 
1990). These applications of borehole geophysical logging have been effective 
for characterizing highly heterogeneous and complex aquifers, and the approach 
has been accepted by regulatory agencies and industry (Williams and Conger, 
1990; Morin and others, 1997; Johnson and others, 2001; Lane and others, 2001, 
2002). The involvement of the USGS in geophysical logging research and 
development is beneficial to the public and considered an appropriate role for 
the USGS. 
In recent years, technology transfer efforts by the USGS (e.g., Williams and 
Lane, 1998; Singha and others, 2000), other government agencies, and academia, 
coupled with significant industry investment, has increased the availability and 
breadth of private sector geophysical logging services. Given this increased 
availability, we must ensure that geophysical logging conducted by the USGS does 
not conflict with work more appropriately done by the private sector. 
The appropriateness of geophysical logging done by the USGS must be considered 
in light of the state of the technology, the objectives of the study, and the 
overall context of the project. One of the key roles of the USGS is to provide 
new understanding, approaches, technology, and research for defining and solving 
water-resource problems. 
Geophysical logging performed by the USGS is appropriate if the acquired logs 
are within the scope of a project that advances understanding of temporal or 
spatial hydrologic properties or processes, increases knowledge of the regional 
hydrology, geology, or geochemistry, or improves the current state of borehole 
logging technology. 
The following are examples of research needs that the USGS considers appropriate 
for our involvement: 
  Collection of borehole geophysical logs as part of hydrologic research to 
  estimate aquifer hydrologic properties, and develop or calibrate conceptual 
  and numerical flow models, 
  Collection of geophysical logs to monitor hydrologic processes, seasonal or 
  climatic effects on aquifer systems, recharge, or subsidence, or to delineate 
  and monitor the freshwater/saltwater interface, 
  Collection of geophysical logs to support water-quality sampling or to design 
  hydrologic monitoring systems in complex aquifers, and 
  Investigations of new geophysical logging tools, applications, or methods to 
  support ground-water investigations, 
A project should not provide geophysical logging ‘services’ that are both (1) 
readily available from the private sector and (2) conducted solely to meet an 
operational or regulatory requirement with limited scientific value beyond the 
immediate need of the cooperator. WRD Policy Memorandum No. 04.01 
(http://water.usgs.gov/admin/memo/policy/wrdpolicy04.01.html) provides more 
information on avoiding competition with the private sector and on projects that 
are not appropriate for WRD. 
William M. Alley /s/ 
Chief, Office of Ground Water 
Distribution: A, B, DC, OGW Staff, Regional and Water Science Center 
Ground-Water Specialists 
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tpschrad
USGS 342303091341001 1 11/03/2009 12/15/2009  Working

DATA AGING RECORDS FOR ALL RELATED DDs (“WORKING" PERIODS NOT LISTED):
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USGS 342303091341001 1 07/20/2009  11/02/2009  Approved 11/25/2008
tpschrad
USGS 342303091341001 1 11/03/2009 12/15/2009  Working

DATA AGING RECORDS FOR ALL RELATED DDs (“WORKING" PERIODS NOT LISTED):
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APRY USERID

Enter "US" to change options, "QU"/"EX” to exit to menu/Unix, or <CR> to proceed
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07/20/2009 TO  11/02/2009  Selectable Period with "Approved” data

11/03/2009 TO  12/15/2009  Selectable Period with "lorking” data

66  Enter "66" to select new dates within "Morking” periods

Your specified date range contains non-Working data,

you MUST select "66" or a row from the list above
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AGNCY SITE NUMBER DD START DATE  END DATE STATUS REVIEW DATE
APRY USERID

Enter "US" to change options, "QU"/"EX” to exit to menu/Unix, or <CR> to proceed
Option (<CR> = Continue):

Select a period from the list below

07/20/2009 TO  11/02/2009  Selectable Period with "Approved” data

11/03/2009 TO  12/15/2009  Selectable Period with "lorking” data

66  Enter "66" to select new dates within "Morking” periods

Your specified date range contains non-Working data,
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Enter command or "US","QU","EX" (KCR>="IR">: Il
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WARNING TO USERS OF THIS SYSTEM

This computer system, including all related equipment, networks, and network
devices (including Internet access), is provided by the Department of the
Interior (DOI) in accordance with the agency policy for official use and
limited personal use.

A1l agency computer systems may be monitored for all lawful purposes,
including but not limited to, ensuring that use is authorized, for managenent
of the system, to facilitate protection against unauthorized access, and to
verify security procedures, survivability and operational security. Any
information on this computer system may be examined, recorded, copied and
used for authorized purposes at any time. All information, including personal
information, placed or sent over this system may be monitored, and users of
this system are reminded that such monitoring does occur. Therefore, there
should be no expectation of privacy with respect to use of this system.

By logging into this agency computer system, you acknowledge and consent to
the monitoring of this system. Evidence of your use, authorized or
unauthorized, collected during monitoring may be used for civil, criminal,
administrative, or other adverse action. Unauthorized or illegal use may
subject you to prosecution.

novay adapsil
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| US. GEOLOGICAL SURVEY AUTOMATED DATA PROCESSING SYSTEM (ADAPS)

| REVISION NWIS-4.3.0-29 Dec 15, 2009 15:12:58 Tuesday

I MAIN MENU - WATER DATA PROCESSING OPTIONS
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Data Input
Primary Data Processing

ADAPS Statistical applications
Data Display

Data Retrieve/Write

Update Support Files/Record Flags
Maintain Database

Miscellaneous Utility Functions
Local Applications

DOC menu_opt -- Display documentation PGM - Display program_names
QU - Exit to previous menu EX -- Exit to Unix

Select desired menu option or program_name ([CR1 for menu): pril





