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NATIONAL WATER INFORMATION SYSTEM USER’S MANUAL
VOLUME 2, CHAPTER 3. AUTOMATED DATA PROCESSING SYSTEM

Compiled by George R. Dempster, Jr.

ABSTRACT

The Automated DAta Processing System (ADAPS) was developed
for the processing, storage, and retrieval of water data, and is
part of the National Water Information System developed by the
U.S. Geological Survey. The National Water Information System is
a distributed water data base in which data can be processed over
a network of minicomputers at U.S. Geological Survey offices
throughout the United States. This system comprises the
Automated DAta Processing System, the Ground-Water Site Inventory
System, the Quality of Water System, and the Water-Use Data
System.

This chapter of the National Water Information System
User’'s Manual describes the automated data processing of
continuously recorded water data, which are primarily surface-
water data. However, the system allows for processing water-
quality and ground-water data.

This manual introduces and describes various components
and features of ADAPS, and provides an overview of the data-
processing system and a description of the system framework. The
components and features included are: (1) data collection and
processing, (2) system programs and menus, (3) main menu task
selections, (4) interaction with the mainframe computer at U.S.
Geclogical Survey headquarters in Reston, Virginia, (5) control
and transfer file descriptions created by ADAPS, and (6) steps
for processing station records.

1 INTRODUCTION

The U.S. Geological Survey (USGS) investigates the
occurrence, quantity, quality, distribution, and movement of the
surface and underground waters that constitute the Nation’s water
resources. It is the ; _ncipal Federal water-data agency and, as
such, collects and disseminates about 70 percent of the water
data currently being used by numerous State, local, private, and
other Federal agencies to develop and manage our water resources.
These hydrologic data are used not only in determining the
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adequacy of water supplies, but also in designing dams, bridges,
and flood control projects; in allocating irrigation; in locating
sources of pollution; in planning for energy development; and in
predicting the potential effects of radioactive waste disposal on
water supplies.

As part of the Geological Survey'’s program of releasing
water data to the public, a large-scale computerized system has
been developed for the storage and retrieval of water data
collected through its activities.

The Water Resources Division uses a minicomputer-based
distributed information system (DIS) to improve efficiency by
providing a high level of local water data processing and
computing capability. Each District office (node) of the DIS is
linked to a central mainframe computer, and each office communi-
cates electronically with another office and, at times, does work
at a remote (distant) location. This linking of computers is
accomplished using modern packet switching telecommunications
network technology, and forms a private subnetwork of leased
telephone lines (Tymnet Corporation*). This nationwide
communications network service, called GEONET, supports
USGS/Department of the Interior host computing resources and
communicating terminals.

The Automated DAta Processing System (ADAPS) is part of a
National Water Information System (NWIS), which includes the
Quality of Water (QW) System, the Ground Water Site Inventory
(GWSI) System, and the Water-Use Data System (SWUDS). All
systems that are part of NWIS use DIS resources to process water
data.

Locally, ADAPS is operated interactively with batch process-
ing as an option for some programs. The system accepts user
input at a local terminal and generally displays output to a
terminal screen. The system is available, with limitations, to
other Federal agencies and selected cooperators of the Geological
Survey who acquire or use water data. Authorization to use the
system is obtained from the District Chief for each District
(State or States).

* Use of firm names and trade names in this manual is for
identification purposes only and does not constitute
endorsement by the U.S. Geological Survey.
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1.1 System Overview

The Automated Data Processing System (ADAPS) consists of a
collection of computer programs and files designed to provide a
comprehensive system of up-to-date standardized water data

processing procedures. In each District where ADAPS is used,
there is a designated local administrator and/or data base
manager. These people are usually responsible for installation

and maintenance of system software and hydrologic data files, as
well as performing additional tasks necessary for efficient
operation of the system. The system is designed to run
interactively with multiple users.

The current implementation of the system uses Prime
minicomputers and vendor-supplied software packages such as
MIDASPLUS, the enhanced Multiple Indexed Data Access System
(MIDAS), and the Command Procedure Language (CPL). With the
MIDAS component, data are updated, deleted, and retrieved on the
basis of data elements that are specified as key elements. The
CPL feature primarily provides for communication between the
computer operating system and user-developed programs. The user-
developed programs are written using the Fortran77 (F77)
programming language. Specific information on each language
capability is given in an appropriate vendor-supplied reference
guide.

The system operates day-to-day as an online system using
magnetic disks. However, as disk space becomes unavailable, data
are archived onto offline magnetic disks and/or tapes. The system
is large enough to accommodate data-processing capabilities
including graphics, various types of application programs, and
the routine water data record computations. Assignable
asynchronous lines are used by user programs or the spooler to
communicate with local terminals, printers, plotters, and other
devices. They are supported by an Asynchronous Multi-Line
Controller (AMLC). The local administrator or manager configures
the lines for the type of equipment that they have available.

The interactive method of processing data in ADAPS allows
the user to assemble and set up the information needed to compute
streamflow, reservoir, or other types of hydrologic records on a
variable time basis. The information or commands are generally
entered via the terminal keyboard, and then the user awaits
examination of the processed results.
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1.2 Purpose and Scope

The purpose of the user’s manual is to serve as a reference
document and to aid the user in the use of ADAPS programs. The
manual is divided into sections that discuss or describe the
system framework, the data collection and processing, the menus
and associated programs (work tasks), and the mainframe computer
files. The user’'s manual is complemented by Help features for
the individual programs. The ADAPS Administrator’s Manual (an
online document) is primarily for use by the local administrator
or manager and by application programming personnel.

The principal components and features described in this
manual are (1) data collection and processing, which includes
requirements to establish and configure a data collection site
for processing, entry, and computation of data, and explanation
of system concepts; (2) the system programs and menus, which
include a common startup when entering any program in the system;
(3) discussions of the main menu task selections, which include
data input, primary processing, data display and retrieval,
system and local applications, hydrologic and system utilities,
documentation, and satellite operations; (4) interaction with the
mainframe computer at U.S. Geological Survey Headquarters in
Reston, Virginia; (5) control and transfer file descriptions
created by ADAPS; (6) steps for processing station records; (7)
list of menu options and programs; and (8) retrieval of data from
mainframe computer.
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2 SYSTEM FRAMEWORK

This section presents a general framework of ADAPS
consisting of general system information, a list of software
categories and attributes, and generally describes the software
directories and files that comprise the system.

2.1 General Information

The Automated Data Processing System (ADAPS) available on
the Prime minicomputers processes, computes, stores, and displays
water data. Most ADAPS processing is interactive. However, some
applications may submit long-running jobs to the batch
environment (Seybold, 1985, p. 14-1 to 14-13). Batching
primarily allows processing tasks to execute independently of a
terminal. This independence is called a phantom process.

Most of the data needed by ADAPS programs are supplied
interactively. However, some programs accept input from system
(external) files. Therefore, the programs require the pathname
(data set name) of the input file. Occasionally the user is
prompted to supply a pathname (either for input or output), but
usually the name need not be known. Most pathnames are stored
within a program or in a file, thereby relieving the user of
having to keep track of the pathnames.

Data-base files used and/or maintained by ADAPS are
structured as Prime MIDASPLUS (Walsh, 1985) files. The files are
managed by Prime system MIDASPLUS utility and user-written
software. The MIDASPLUS files allow rapid and efficient
retrieval of records on the basis of selected data elements
defined as key indexes (elements).

A multilevel security system is used in ADAPS to restrict
access to the data files and to limit the ability of some users
to perform certain operations in the system. User classes of
ADAPS Data Base Administrator (ADBA), System Administrator
(SYST), User (USER), and Cooperator (COOP) have been established,
and record-level protection is provided. 1In addition, Prime
Access Control Lists (Seybold, ..J5, p. 3-1 to 3-28) are used.
Security measures are implemented by the local administrator or
manager in consultation with District supervisory personnel, and
in some instances, in consultation with Headquarters personnel.
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Water data stored in ADAPS result from processing of data
collected or recorded at field installations operated by each
District. A vast majority of the field data are recorded in
digital form on punched paper tapes or recorded by a data
collection platform (DCP) and sent to the computer via satellite
telemetry. The field data are processed by District personnel
following established procedures. The data are reviewed for
validity and correctness, and subsequently are published in State
basic data reports. Data collection and processing is discussed
in detail in Section 3 of this manual.

2.2 Software Categories

Several different categories of software make up the water
data-processing system. The major categories are:

System utility programs

General-purpose programs

Command Procedure Language (CPL) programs
General-application programs
General-graphics programs
Vendor-supplied programs (subroutines)

The software in each of the above categories is used for a
specific function or purpose. For example, the utility programs
are used to initialize, create, update, and maintain the numerous
support, processing, and data (time-series) files that make up
the District data bank. The general-purpose programs are used to
process many different types of water data along with the
subsidiary calculatiuvns and computations that go into computing
and producing a water data record. Most programs use insert
statements and common blocks (Prime Computer, Inc., 1983, p. 3-1
to 3-26) to share and communicate data between programs, to
provide software flexibility, and to ease software maintenance.
The operating system software is called PRIMOS (Seybold, 1985, p.
1-2). The Command Procedure Language (CPL) is a PRIMOS command-
level language that provides a programming capability (Landy,

1982). Operating system commands or directives are passed to
PRIMOS for execution after they are stored in a CPL file (suffix
.CPL). The application programs are used primarily to compute

statistical information about the hydrol~ ic data. The graphics
programs are used for preliminary viewing of the data, for
comparison purposes and for report purposes. The system contains
both user-written and vendor-supplied programs such as DISSPLA
(Integrated Software Systems Corporation, 1984).
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2.3 Common Program Attributes

All programs in ADAPS, regardless of their category or who
can invoke them, have some common attributes.

1. The system programs, except for the edit/update
programs, are designed to be run using most kinds of terminals.
The edit/update programs require the use of terminals that
support cursor control. Currently, terminals that use American
National Standards Institute (ANSI) standards (such as Tab) or
terminals with ADM3A cursor control (such as Wyse 50) are
supported.

2. The programs can be run using either uppercase or
lowercase letters if the terminal supports this feature.

3. The programs in most instances can be exited (break out)
due to a problem or emergency and files are not damaged or lost.
However, arbitrary breaking out for no reason should be done
sparingly. Keying EX in response to any query in any program
will exit the user to the operating system (PRIMOS) level.

4. Most data-processing programs are run interactively.
However, the long-running jobs are set up interactively and then
are run in batch mode. These programs use a preprocessor program
to create a control file that is used by a postprocessor program.
The control file contains user-supplied and retrieval information
and is what enables the postprocessor program to run as a phantom
job. If processing is not too lengthy, the user may have the
choice to either run interactively or in batch mode.

5. Many ADAPS programs use a common set of programs to
handle startup of the individual programs and to handle queries
within the individual programs. Use of these common programs
standardizes these particular phases of the processing. The
startup program opens the files that are necessary to use ADAPS.

6. Some programs use a screen input form for entry of data.
The layout of the form is similar for all of those programs that
use it. Entry of data to the form is controlled by similar
options that control page (screen) and cursor movement.

7. Cooperators and other outside users of the system have
limited functional capabilities in use of the system due to the
security system. They are granted access to the system
principally to display and table data, to retrieve and create
their own work files, and to use (run) the application programs.
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Therefore, cooperators’ selections via the system menus are
limited. Update or maintenance activity is not allowed by
cooperators or other outside users.

8. Individual terminal screen prompt descriptions are not
presented in the manual. These descriptions are replaced by a
HELP system within ADAPS.

9. Generic line prompt (i.e., prompts that are repeated
from screen to screen) descriptions are not repeated throughout
the individual program sections of this manual because most are
self-explanatory.

10. An error message section is not included at this time.
The errors are usually self-descriptive; the system attempts to
trap the error, print a message, and close all the files if the
error is fatal.

2.4 Software Directories and Files

The ADAPS software directories and files are stored in a
tree-like structure of user file directories (ufd’s) on the
system disk(s). The user file directories begin immediately
below the master file directory (a disk partition) level, which
is created and named by the local administrator or manager. All
of ADAPS resides under a ufd named WATSTORE (same name as
mainframe system - Kilpatrick, 1981). Those directories and
files that are unique to ADAPS are located under a sub-UFD named
ADAPS. Lower-level directories contain support files, Fortran
programs and subroutines source code, CPL programs (files), and
executable files (compiled and linked F77 source code).

2.5 Data Directories and Files

Within the WATSTORE directory, there are various files which
are necessary to:

1) provide support information about users, data
collection sites (stations), instruments, data
descriptors, Agency, State, County, etc.,

2) compute and process water data collected as a time
series or that are related to the time series,

3) provide user processing information, and

System Framework 2-4 Vol. 2, Chap. 3



NWIS 90.1 ADAPS

4) provide output files created as a result of an
analysis or retrieval, or as a result of a
particular processing operation.

The location of these data files is not fixed. The local
administrator or manager can relocate them in response to changed
needs or for management of disk space. The files associated with
each of the above areas are listed in the following sections of
this manual. A general statement about what each file contains
is also given. Where an abbreviation is commonly used for a file
name, its abbreviation is also given. Most of the ADAPS and
associated files are MIDASPLUS (direct access) files, and usually
there is only one file of each type at a node (District) except
possibly for output files.

2.5.1 Support Files

The following files are used to provide support information
about the system users and data-collection sites. The files
which are shared by all data-processing systems in NWIS are
called Shared Files. The other files are ADAPS specific.

2.5.1.1 Shared Files

® Site - Contains fixed information about each data-
collection site such as latitude and longitude.

® Parameter/statistic codes - Contains numeric water-data
parameter and statistic codes.

® Agency codes - Contains alphanumeric agency codes.

® State and County codes - Contains numeric Federal
Information Processing Standards (FIPS) codes
for States and counties.

® Hydrologic units - Contains alphanumeric codes
representing geographic regions within river
basins in the United States.

® Terminal - Contains information to define and
support different terminal types.

® Gpath - Contains pathnames of various data files
for all of the water data-processing systems.

® Global varia’ - Contains variables that are to
be known by a group of programs rather than
to only a single program. This file is an
operating system command level file.

¢ Help - Contains user information pertaining to program
prompts or questions, or contains descriptive
information about a processing step or application.
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2.5.1.2 ADAPS Files

® Node configuration - Contains local office name
and network node name, satellite processing
information, data-base name, and plotter,
printer, and paper-tape reader information.

® User - Contains user information and file output
pathnames, background information on user
terminals and printers, and last site processed
by the user.

¢ Instrument (IN) - Contains instrument type and recording
information for each instrument channel (sensor).

® Data descriptor (DD) - Contains water data parameter and
statistic code information for each sensor.

® Processor (PR) - Contains data output conversion
information such as form of primary output,
processing threshold and base values,
and auxiliary gage information.

® Group - Contains agency code, site identification, and
data descriptor number combinations used mainly for
retrievals. The information is concatenated from
several other files.

® Control - Contains information to control processing
for running in batch mode or to pass information
from program to program.

® Security - Contains information to control access to
individual stations (data-collection sites). The
station-level security provides the maximum
protection, and it should not be confused with
Prime Access Control Lists (ACL’s) which
are also used.

® Documentation - Contains printable copy of this manual.

Within ADAPS, three of the above support files are key to
defining and processing water data; they are the IN, DD, and PR
files. For a station, the IN record defines the types of data-
sensing equipment installed at the site. This IN record points
to one or more DD numbers (records) that are associated with it.
The DD file holds the basic definition of a unique site record.
More explicitly, a different DD number is assigned to each
parameter (sensor data) at a given cross-section and depth
location for a single station. Along with the agency code and
station number, the DD number forms a full site identification
(key). This site identification is used to locate data in other
ADAPS files. Using a site’s full identification, the PR record
defines the processing scheme and parameters necessary to compute
unit and daily values.
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The DD record contains information consisting of a string of
variables. These variables include a water-data parameter code,
a statistic code that describes the data, an optional description
of the parameter, numerical cross-section and elevation (depth)
locations, rounding specifications, and the type of daily-values
tables to produce. Associated with each DD record, there is a
processor record (optional). The processor record information
describes unit-values computations involving the particular DD,
which daily-values statistics to compute, and which data validity
screening thresholds (low values, high values, etc.) to use. The
DD file operation allows other possible DD records to be linked
to the original DD record via pointers. The pointers relate to
other DD’'s for possible computation of that DD’'s data. Up to
9,999 DD records can be created for a data collection site.

2.5.2 Time-series Related Files

The following files are related to the processing of time-
series collected data.

® Measurement/crest-stage gage (MS) - Contains discharge or
other measurement data.

® Rating/conversion - Contains stage-discharge relation data
or other tabular look-up (rating) data.

® Datum corrections (DC) - Contains data to correct changes
in gage datum due to settlement or upheaval of the gage
or to correct for an instrument being set incorrectly
in the field.

¢ Shift by time (ST) - Contains data to apply the shifting
control method of computing water-data records on basis
of time.

e Shift by stage (SV) - Contains data to apply the shifting
control method of computing water-data records on basis
of stage and/or time. These files are also used to
make an adjustment to a value prior to or after a table
look-up (rating), as might be done for quality of water
data. The shift-by-stage procedure is sometimes
referred to as using a Vee (V) diagram (Kennedy, 1983).

® Unit values (UV) - Contains data collected at a discrete
fixed or varying time interval.

e Daily values (DV) - Contains data observed on a daily or
continuous basis and num-c-ically reduced, usually on
the basis of unit values.
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2.5.3 Processing Files

The following files are used to provide the user with
processing information.

® Status - Contains synopsis of satellite processing
information.

® Errors - Contains entries of encountered data-processing
errors from satellite processing.

2.5.4 Output Files

The following files are used to provide the user with
analytical or retrieved hydrologic data. There may be multiple
files of each type from different programs.

® Meta - Generic files that are created for subseguent use
by other software systems such as graphics systems.

® Applications - Files that contain statistical or other
types of information created by application programs,
or that contain data furnished by retrieval programs.
One proposed file is called the Application Programs
Transfer File (APTRAF).

e Temporary - Files that are created as part of normal
processing for use by subsequent operations or
programs.
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3 DATA COLLECTION AND PROCESSING

To fulfill the U.S. Geological Survey’s mission as the
principal Federal water data-collection agency, the Water
Resources Division (WRD) has established a network of stations
throughout the United States from which hydrologic measurements
are collected and analyzed. Various techniques are used at these
sites to record and collect these measurments. These techniques
range in sophistication from the direct observation of gages at
the station to real-time satellite telemetry. All recorded data
are eventually entered into ADAPS where standard processing
software is used to analyze and prepare the data for publication
and archival.

This section provides a general description of how ADAPS is
configured to receive and process data from WRD stations and what
computational procedures are available in ADAPS to process these
data. Information is also provided on types of variables and
ratings used, datum and shift corrections, and computation of
daily mean values. The section is divided into the following
subsections:

® Overview of Data Collection Methods

A summary of the data collection process. It describes
the various techniques used to record data at WRD
stations, move the data to WRD District minicomputers, and
enter the data into ADAPS.

® Configuration of ADAPS Processing Environment
A description of how to configure the ADAPS processing
environment. This includes setting up data descriptor/
statistic codes that are common to all stations whose data
are to be processed by ADAPS.

¢ Establishment of a Station
A description of how to establish a station in ADAPS.
This includes a description of information that must be
entered into ADAPS for a particular station so that data
for that station can be processed by ADAPS.

e Entry of Recorded Data

A description of how data are entered into a District
minicomputer and then into ADAPS.
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Data Computations

A description of the computational procedures and steps
used by ADAPS to process the data.

Dial/Real Variables

A discussion of the use of dial (integer) and real
(fractional) variables in ADAPS, and the use of "edited"
values.

Rating Types and Dates

A discussion of the rating types (designations) used in
ADAPS, and an explanation of the storage and processing of
rating begin dates.

Datum and Shift corrections

Discussions of the application of datum- and shift-by-time
corrections, and the shift-by-stage corrections.

Computation of Daily Mean Values

A description of the trapezoidal method used to compute
daily mean values.

Primary Computations

A discussion of the two kinds of primary computation
sheets that are available.

Final Preparation of Records

A description of the steps taken for final preparation of
water data records.
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3.1 Overview of Data Collection Methods

This section provides a brief overview of the data
collection methods used by WRD. Most of these methods are
documented in U.S. Geological Survey Water Supply Paper 2175
(Rantz, vol. 1, 1982). The purpose of this section is not to
give a detailed account of these methods, but to familiarize the
reader with them in preparation for the discussions in the
following sections that explain how ADAPS acquires and processes
data collected by each of the methods.

There are three methods that WRD uses to collect hydrologic
data: (1) human observation, (2) on-site continuous recording,
and (3) telemetry.

3.1.1 Human Observation

Human observation is used at some stations that are easily
accessible. A person, who usually lives near the station, is
paid to visit the station either periodically or when certain
hydrologic conditions dictate, and either records in a station
log book or sends to the District office by mail, data observed
on a visible gage. These values are entered into ADAPS as
observer data. This method is normally used in addition to the
other two methods and only at sites that are not in remote areas.
Its primary purpose is to provide a backup for the on-site
recorders and to verify the data collected by these automated
recorders; the method is also sometimes the only method used if
local conditions prevent efficient operation of a continuous
recorder.

3.1.2 On-site Continuous Recording

On-site continuous recording uses sensors and recorders
located at the stations to record data automatically. Analog
sensors have been developed to sense various types of hydrologic
conditions and convert them into a continuous analog signal that
can be direct'r recorded or converted to a digital reading and
then recorded. For example, one sensor used to measure the level
of water contains a shaft that is rotated by a float as the level
of water rises or falls. Thus, this sensor converts the water
level into an analog signal, namely, the angular displacement of
the shaft from a point of reference. This signal can be recorded
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by an analog recorder or converted to a digital reading and
recorded either mechanically or electronically. Sensors used to
measure other types of hydrologic data usually produce an
electronic signal whose voltage varies as the data being measured
changes. These signals also can be recorded by an analog device
or converted to a digital reading and recorded by a digital
recorder.

Automatic recorders record data either on a removable media
such as paper strip charts or paper tapes, or in computer memory
which can be copied to removable media. The three types of
recorders that are in use by WRD are: (1) Analog-Data Recorders
(strip-chart recorders), (2) Analog-Digital Recorders (ADR), and
(3) electronic recorders.

Analog-Data Recorders record data graphically on a roll of
continuously moving graph paper. A pen is used to graph sensed
values on the graph paper. The recorder converts an analog
signal to a pen displacement. Thus, as values change the pen
moves up and down on the graph paper. The rate at which the
paper moves determines the resolution in time that the data are
recorded. The rate of movement is governed by an external clock
that can be set to provide the desired resolution. These types
of recorders were used extensively by WRD before WRD began to
process data in a more automated manner. They still have a
limited use, but because graphically recorded data are difficult
to convert into a a medium that can be read by computers, they
are primarily being used to provide a backup for digital
recorders. Although, as mentioned, it is difficult to convert
graphically recorded data into a machine-readable format, it is
not impossible. Digitizing devices are available that can
perform this task. ADAPS will be able to accept data that have
been digitized from the graphically recorded data produced by
these recorders as long as the data are converted into ADR card
format (Hutchison, 1977) in the Prime.

Analog-Digital Recorders convert analog signals to digital
values and record these values on a paper tape. This type of
recorder replaced the Analog-Data Recorder as the primary
recorder at most WRD stations, and currently the most commonly
used recorder at WRD stations. The interval at which this
recorder punches values on a paper tape is also determined by an
external timer that can be set so that punches are made at
desired fixed time intervals.

Electronic recorders are microprocessor-based recorders that

convert analog signals to digital values and record these values
in computer memory. This type of recorder contains a real-time
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real-time clock and can be programmed to acquire data at any
desired interval. The data are removed from the recorder by
means of a portable device that can be connected to the recorder
to extract the recorded data from the computer memory and store
it on a removable media such as cassette tapes.

All of these devices record hydrologic data on media that
are physically located at the station. Thus, periodic trips,
usually every 30-60 days, are made by WRD personnel to retrieve
the data from the stations and to bring it back to WRD offices.
Since different media are used by these devices to record the
data, different methods of entering these data into ADAPS are
required. These methods are explained in subsequent sections
that explain how data recorded by each of these devices are
entered into ADAPS.

3.1.3 Satellite Telemetry

The third method used by WRD to collect data is by the use
of satellite telemetry systems. The purpose of these systems is
to collect near real-time water data. The telemetry systems
allow data to be sensed and recorded automatically at WRD
stations and to be transferred automatically from the stations to
WRD computers. The Water Resources Division operates a nation-
wide network of stations from which data are automatically
collected by means of the U.S. Department of Commerce National
Qceanic and Atmospheric Administration’s (NOAA) Geostationary
Operational Earth Satellite (GOES) Data Collection System. This
system has three major components: (1) devices called Data
Collection Platforms (DCP’s) that are located at stations to
collect data and transmit the data to a satellite, (2) geosta-
tionary satellites to relay the transmissions from the DCP'’s back
to ground-receive sites, and (3) receive sites to receive the
relayed tranmissions. A receive site is called a Direct Readout
Ground Station (DRGS). WRD currently operates four DRGS's, each
of which receives data for each WRD region. Each DRGS is
directly connected to a District minicomputer. These mini-
computers receive data transmitted by DCP’'s in real-time and
distribute the data to their owners using WRD’s Distributed
Information System (DIS). ADAPS contains a complete subsystem
called SAtellite Telemetry INput (SATIN) to receive, distribute,
and process data received from the DRGS'’s.
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3.2 Configuration of Processing Environment

The entry and processing of recorded data from the many
different field sensing devices into ADAPS requires information
to define the data transfer link. Each different sensing device
has its own requirements for moving data from its storage medium
into the data base for further processing. The information
needed for each type of data transfer is contained in the Node
Configuration File and is updated or maintained using the Node
File updating program. This maintenance is performed only by the
local administrator or manager. The node update program is docu-
mented in the ADAPS Administrator’s Manual (an online document).

An ADR 1l6-channel paper tape is translated using a 16-
channel paper tape translator such as the ASCII Mitron or the
Envirolabs 311. Processing in ADAPS requires information that
defines the characteristics of each translator and its communi-
cations link to the minicomputer.

The processing programs for Satellite Telemetry Input
(SATIN) data require information that describes how the automated
program is to operate. The automated program runs continuously
24 hours a day, 7 days a week, receiving SATIN data, decoding,
processing, and storing it into ADAPS files; the programs also
perform automatic file maintenance, scheduled operations (hourly,
daily, and weekly), and alert functions. Information stored in
the Node Configuration File for these operations consists of
general SATIN information, scheduled operations information, the
Direct Readout Ground Station (DRGS) information, including DRGS
line information, the demodulator (demod) information, and the
backup site information.

3.3 Establishment of a Station

The establishment of a station in ADAPS for processing
hydrologic field data varies with each type of field collection
equipment used, although the same general procedure is followed.
First, the site information is entered into the Site File before
anything else is done. Next, an Instrument File entry is created
(usually in conjunction with a DD record) based upon the type of
data-sensing equipment located at the site. This information
defines how to decode the information from the instrument into an
ADAPS readable format. It defines each type of data collected
(sensed) by the instrument, the order in which it is recorded,
and points to the data descriptor (DD) record (number) that is
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associated with the data when the DD record is created. The DD
record points to a corresponding processor record, which contains
information on how to compute the unit and daily values from the
input data and, if requested, compute another DD’s data using the
computed input data and, if needed, one other auxiliary DD’s
data. The DD record(s) for an instrument can be created either
by using the DD updating program, or during the creation of the
instrument record. The latter is recommended for most
applications as the DD updating program is mainly intended for
the creation of independent DD records for special use. The DD
record is also used to point to the shifts, datums, and rating
tables needed for computation. Figure 1 shows the relation of
the instrument, data descriptor (DD), processor, and data (unit
and daily) records for a site with a one-channel (single
parameter) instrument (an example is a site with a stage only
recorder). Note that the records are linked to provide the
information necessary for data processing. For sites with
multiple-channel (more than one parameter) instruments, the
instrument record points to multiple DD records (one for each
channel or parameter recorded), which in turn point to multiple
processor records (one for each DD record). Each DD record then
points to its associated unit- and daily-values records.

3.3.1 Analog Digital Recorder (ADR)

An instrument record must be entered in order to process
data collected by an ADR paper-tape recorder. The entry of an
ADR instrument record is accomplished via the instrument updating
program, explained in the ADAPS Administrator’s Manual, by
selecting an ADR instrument type option when gqueried for an
instrument type. The user is queried for information needed to
process ADR recorder data (processor record) such as number of
punches per day, punch value screening thresholds, channel
identifiers and other instrument information as mentioned above.

NOTE: The auxiliary gage information must be entered into the
files prior to entering information for the base gage for slope-
discharge stations. Also, for velocity-meter stations, the
velocity-meter information must be entered into the files prior
to entering gage information.
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EXAMPLE STATION WITH SINGLE CHANNEL INSTRUMENT

IN = Instrument Record - Process Input Parameter

DD = Data Descriptor Record (number in parentheses is a parameter code)
PR = Processor Record - Process Output Parameter

UV = Unit-Values Record

DV = Daily-Values Record

IN Note:
To process digital
f? :grte}:ar:/stggtl % tapes and satellite
field-recorded transmitted data.
values) IN, DD, and PR

records are required.

-<d————— One input parameter for instrument

—_— Note: DD’s
Examplc is for Example is for point to
stage (65) discharge (60) other records.

PR PR
(Has UV computa- (Has UV computa- Note: PR
tion options and tion options and records not
thresholds to thresholds to screen/ always
screen/test com- test computed required.
purted stage values) discharge values)
Y DV

- data

Figure 1.- Relation of instrument, data descriptor,
processor, and data records
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3.3.2 Satellite Transmission (Input)

An instrument record must be entered (see Administrator'’'s
Manual), in order to process data for DCP transmissions. The
entry of a DCP instrument record is done via the instrument
updating program by selecting the DCP instrument-type option when
queried for an instrument type. The user is queried for infor-
mation needed to process DCP transmissions (Processor record)
such as DCP identifier, transmission time, transmission channels,
transmission interval, alert information, information describing
the format of each channel’'s information, and other instrument
information as mentioned above.

3.3.3 Observer Data

Observer data are entered using the unit or daily values
updating programs. The DD record information, which describes
the data descriptor/statistic code of observer data, is entered
via the DD updating program (DD-EDIT). No instrument record is
required for this type of data entry. A processor record may or
may not be required, depending upon how the data will be used.

3.3.4 Other Instrumentation

Not available.
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3.4 Entry of Recorded Data

To be processed, recorded data must first be transferred to
a District’s minicomputer file and stored in the District’s ADAPS
file(s). Recorded data can then be processed by ADAPS to compute
various kinds of water data records. The following sections
briefly describe how data collected by the various data
collection methods are transferred to or are processed by a
District’s minicomputer and entered into ADAPS.

If data are collected by another method not discussed in
this manual, they can be processed by ADAPS if converted to the
ADR Cards format. This format is discussed in Volume 5 of the
WATSTORE User’'s Guide (Hutchison, 1977).

3.4.1 Analog Digital Recorder

Analog digital recorders provide continuous records of water
data. The records are computed from field data, mainly measure-
ment notes and l6-channel paper tapes. The recorder punches a
series of holes in the tape at preselected time intervals, such
as every 5, 10, 15, 30, or 60 minutes. The punched values
represent a water parameter such as stage, temperature, etc.

3.4.1.1 Transfer of Data to Minicomputer

The 1l6-channel paper-tape data are translated for transfer
to the minicomputer using different types of translator equipment
obtained from various manufacturers. The equipment is usually
connected to the computer under the control of a program that is
run from a terminal. There are programs in ADAPS to control
Mitron, Envirolab, and Leopold-Stevens translators. The records
that are translated are stored in temporary files for later
editing. Presently, ADAPS allows no mere than 1,440 values per
day and 20,000 values per tape to be processed for storage.
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3.4.1.2

the ADAPS Unit Values File.

Entry of Data into ADAPS

ADAPS

The data in the temporary file(s) are edited before entering

ADR cards input operation.

Vol.

PAPER-TAPE ADR
PROCESSING CARDS

TEMPORARY
UNEDITED
UNIT FILE

DISPLAY

EDIT-VERIFY

APPLY

Figure 2 depicts the paper tape or

NODE
CONFIGURATION
FILE

INSTRUMENT FILE

TIME -

DATA DESCRIPTOR

CORRECTIONS

SCREEN DATA

EDITED
UNIT FILE

FILE

PROCESSOR FILE

Figure 2.~ Paper-tape and ADR card-input operation.
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Tape or card values are transferred to the minicomputer into a
temporary file, where they are displayed and edited for correct-
ness and for resolution of timing difficulties. The values are
also screened for potentially erroneous values by comparing them
to user prescribed low- and high-threshold values, and to rate-
of-change per unit time values. The edited values are then
entered into the Unit Values File. The need for review and
editing of data is discussed in different sections of the manual.

3.4.2 Satellite Transmission (Input)

Data collection platforms (DCP’s) also provide continuous
records of water data via satellite telemetry in (near) real
time. This section briefly describes the flow of data from the
receive sites (DRGS) to the computer processing system.

3.4.2.1 Flow of Data from DRGS to SATIN

Water data collected by means of satellites are dispatched
via the DIS network to the proper node(s) and entered into ADAPS
automatically by a subsystem called SATIN (Satellite Telemetry
Input). When initiated, this subsystem runs continuously as a
phantom, constantly acquiring and processing satellite data.
SATIN can be initiated at any site from within ADAPS. It runs in
two modes: (1) HOST and (2) REMOTE. The HOST mode is used by
those Districts that operate Direct Readout Ground Stations
(DRGS's); the REMOTE mode is used by all other Districts. 1In the
HOST mode, SATIN connects to a DRGS, acquires data in (near)
real-time, distributes remote data to their proper remote node
using the DIS network, and processes local data. In the REMOTE
mode, SATIN receives data via the DIS network and processes the
data. Figure 3 shows the flow of satellite data from a DRGS to
being processed by SATIN and distributed to host and remote
sites.
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DIS

REMOTE
-

DATA

l

REMOTE
PRIME

:

SATIN
(REMOTE
MODE)

DRGS

DISPATCH
SATIN  |qe
(HOST
MODE) INFO

LOCAL l DATA

:

ADAPS

ADAPS

ADAPS

INSTRUMENT
FILE

Figure 3.- Distribution of DRGS data to SATIN Host and
Remote sites.
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3.4.2.2 Flow of Data as Processed by SATIN

In either HOST or REMOTE mode, SATIN processes local data
identically. Figure 4 shows the flow of data when processed by
SATIN. The data are edited, screened, and stored in a similar
manner as data from other sources only in near real-time and
without human intervention. Also, any designated computations,
such as streamflow computations, are performed automatically in
near real-time. One additional processing feature performed by
SATIN is analyzing incoming data and generating alerts when
certain conditions are detected. These alerts are sent as
messages to as many as three data manager personnel and also are
sent as electronic mail.

3.4.3 Observer Data

Observer data can be entered into ADAPS directly by using an
appropriate interactive program that queries for the time the
data were observed and the data values.

3.4.4 Other Instrumentation
Not available.
3.4.5 Review and Edit of Data

Once recorded or other data are entered into ADAPS file(s),
the data should be reviewed and edited for correctness and
validity prior to further computation and processing. This is
done as part of the quality assurance effort for a station during
record processing. Digital tapes should be reviewed for continu-
ity with previous tape, and the data should be reviewed for
faulty punches and be corrected where necessary.

e A R g -+
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DRGS
OR DIS

'

SATIN
(HOST OR
REMOTE)

LOCALl DATA

DECODE
TRANSMISSION

ADAPS

INSTRUMENT FILE

MERGE INTO
UN gi\?LUES DATA DESCRIPTOR
FILE
EDITED
UNIT FILE
COMPUTE RECORDS | PROCESSOR FILE
(REAL-TIME)
SCREEN DATA
RATING, SHIFT,
ISSUE ALERTS AND DATUM FILES
DAILY- COMPUTED
VALUES UNIT
FILE FILE

Figure 4.- Flow of data processed by SATIN.
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The ADAPS system provides use of user-specified test values
and thresholds as an aid in accomplishing proper data editing.
The tests include time adjustments and various exceedence limits
for individual and rate-of-change values (herein called verifi-
cation tests). These tests are described later in individual
"editing" program sections.

3.5 Data Computations

Data computations are primary functions of ADAPS. This
section discusses the information needed to perform computations,
and presents the steps involved in each of the computation
methods.

3.5.1 Introduction

After the original data are entered into the minicomputer,
edited, and stored in the Unit Values File, the computational
routines all follow a similar pattern when computing output
values of water data such as stage, discharge, pH, and
conductivity. Prior to computing output values, general
information needed to process data at a site must be entered.
This information is stored in the Instrument (IN), Data
Descriptor (DD), and Processor (PR) files. Rating table(s),
datum corrections, and shift values are also processed and stored
in the minicomputer. Data values are screened for potentially
erroneous or unusual values by comparing them to user-prescribed
low- and high-threshold values, and to rate-of-change per unit
time values. New ratings, if necessary, are entered and may be
put in use at any time. Datum corrections and shifts (if
applicable) are determined and put into effect at specified
times. Figure 5 shows the record processing operation that is
used for all methods of inputting data.

3.5.2 Computation Methods

The following sections briefly discuss each computation
method and outline the computation steps for each of the
available methods. The main difference among some of the
computation methods is where in the process the shifts are
applied. For some methods, such as for discharges, the shift
corrections (adjustments) are applied to th_. _lipuc (siays) value
. before applying the rating or equation, while other methods
process data by applying the shift after the application of a
rating or equation. Occasionally, data are converted from a gage
datum (i.e., as recorded) to a base datum for output. An example
is conversion of recorded stage (water level) to height above or
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below the National Geodetic Vertical Datum (NGVD) of 1929. ADAPS
allows for this conversion to be made.

The basis or details of the computation methods are
described in U.S. Geological Survey Water-Supply Paper 2175
(Rantz, vol. 2, 1982).

INTERACTIVE | R
PROLOGUE TO USER FILE
RECORD
PROCESSING \
\ INSTRUMENT FILE
CONTROL DATA DESCRIPTOR
FILE FILE
COMPUTE RECORDS | EDITED UNIT FILE
(PHANTOM OR (See fig. 2 or 4)
BATCH JOBS) \

i PROCESSOR FILE
COMPUTED UNIT- | -
VALUES FILE

RATING, SHIFT,
AND DATUM FILES
DAILY-VALUES FILE
PRINTED PRIMARY SHEETS

Figure 5.- Record-processing operation.
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In the following discussions of computational steps,
values are referred to as "input-edited," "input-computed," and
"output-computed." This terminology is used for distinctness and
clarity because in ADAPS it is possible to manipulate values on
input and output with or without conversions, corrections, or
adjustments being applied. Figure 5 shows input-edited and
output-computed values as edited and computed unit values
file(s), respectively. The initial conversion (Dial/Real) of
recorded data, derivation of input-edited unit values, rating
types used in ADAPS, application of datum and shift corrections,
computations of daily mean values, and primary computations are
discussed in succeeding sections of the manual.

3.5.2.1 Conversion Table or Equation

This method of computation processes any input data
descriptor/statistic code combination but is used primarily for
the processing of water-quality monitor data (pH, conductivity,
gage height only or water-surface elevations, etc.), using a
rating or conversion table or an equation. Shift corrections are
applied after processing the input values using the rating or
equation. The computational steps are:

® Read input-edited values from Unit Values File.

® Apply input rating or equation, if it exists, to
convert units to real numbers. Normally, the input
units should not be converted.

® Add base datum, if it exists.

® Add datum corrections, if necessary.

©®¢ Obtain output-computed value using rating table or
equation.

e Apply shift corrections, if they exist and the
parameter/DD is not for gage height data.

® Screen output-computed values.

e Stu . cutput-computed values in the Unit Values File,
if specified.

® Store output-computed values in the Daily Values File,
if specified.
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3.5.2.2 Accumulative Differences

This method of computation is used to process any input data
descriptor/statistic code combination where differences of
accumulative output values are required, such as rainfall. The
unit values stored are the computed incremental differences. The
computational steps are:

® Read accumulative input-edited values from the Unit
Values File.

® Apply input rating or equation, if it exists, to
convert input units to real numbers--optional.

® Add base datum, if it exists.
® Add datum corrections, if necessary.

® Obtain intermediate output-computed value using rating
table or equation.

® Compute difference from previous value. This differ-
ence is the final output-computed value for that time
increment.

® Screen output-computed values.

e Store output-computed values in the Unit Values File,
if specified.

® Store output-computed values in the Daily Values File,
if specified.
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Stage-Discharge

This method of computation is the standard stage-discharge
method using a rating curve or equation. Shift corrections are
applied to the input values before processing them through the
rating or equation. The computational steps are:

Read input-edited gage height values from the Unit
Values File.

Apply input rating or equation, if it exists, to
convert gage height units to real or engineering units
(feet).

Add base datum, if it exists.

Add datum corrections, if necessary. The input values
are now called input-computed unit values.

Apply shift corrections, if necessary.

Apply rating or equation to obtain output-computed
values (discharges).

Screen input-computed values (gage heights).
Screen output-computed values (discharges).

Store input-computed values in the Unit Values File, if
specified (gage heights).

Store input-computed values in the Daily Values File,
if specified (gage heights).

Store output-computed values in the Unit Values File,
if specified (discharges).

Store output-computed values in the Daily Values File,
if specified (discharges).
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3.5.2.4 Slope-Discharge

This method of computation processes a base stage-input
value in conjunction with an auxiliary stage-input value. The
output discharge is adjusted based on the slope (fall) which is
computed as the difference between the base and auxiliary values.
Note that the auxiliary gage information must be entered to the
Instrument/Data Descriptor files before entering the base gage
information. The computational steps are:

® Read input-edited values from the Unit Values File
(base and auxiliary).

e Apply input rating or equation, if it exists, to
convert base and auxiliary values to real or engineer-
ing units (feet).

e Add base datum (base and auxiliary), if it exists.

e Add datum corrections (base and auxiliary), if
necessary. The input base and auxiliary values are now
called input-computed values.

e Calculate the measured fall by: (1) subtracting the
downstream gage height (base/auxiliary) from the
upstream gage height (auxiliary/base), and (2) to this
difference add the difference in datum between the base
and auxiliary gage (SDD), if any exists.

e Obtain rating fall from rating table (set to 1.0, if it
does not exist).

e Calculate the fall ratio by dividing the measured fall
by the rating fall.

e Obtain discharge ratio from rating table (set to square
root of fall ratio, if it does not exist).

e Add shift correction to base value, if necessary.
e Obtain discharge from rating table using base value.
e Calculate the final discharge by multiplying the rating

discharge by the discharge ratio; this is the output-
computed value (discharge).
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Screen input-computed values (base and auxiliary gage
heights).

Screen output-computed values (discharges).

Store input-computed values in the Unit Values File, if
specified (base and auxiliary).

Store input-computed values in the Daily Values File,
if specified (base and auxiliary).

Store output-computed values in the Unit Values File,
if specified (discharges).

Store output-computed values in the Daily Values File,
if specified (discharges).

Velocity/Deflection Meter

This method computes values of discharge using values from a
stage recorder (base) and either a velocity meter or a deflection
meter (auxiliary). The discharge is computed from the mean cross-
sectional velocity of the stream based on a deflection or
velocity meter and the cross sectional area based on the stage

value.

Note that the deflection/velocity meter information must

be entered into the Instrument/Data Descriptor files before
entering the gage (stage) information. The computational steps

are:

Read input-edited values from the Unit Values File
(stage or base values, and deflection/velocity meter or
auxiliary values).

Apply input rating or equation, if it exists, to
convert base and auxiliary values to real or engineer-
ing units.

Add base datum (stage and deflection/velocity meter
value), if it exists.

Add datum corrections (stage and def’ection/velocity
meter value), if necessary. The input base is now
called the input-computed base values.

Apply shift correction (stage and deflection/velocity
meter value), if necessary.
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Obtain channel cross-sectional area from a rating table
using a stage value (stage-area relation).

Obtain stage-velocity factor from rating table using a
stage value (stage-velocity factor relation). If the
rating does not exist, the stage-velocity factor is set
to one. :

Obtain velocity from rating table using a deflection/
velocity meter value (deflection/velocity meter-mean
velocity relation). If the rating does not exist, the
program assumes the input-auxiliary values are in real
units of velocity.

Calculate the mean cross-sectional velocity by multi-
plying the velocity (auxiliary) from above by the
stage-velocity factor. The values for the mean cross-
sectional velocity are now called the input-computed
auxiliary values.

Calculate discharge by multiplying the area by the mean
cross-sectional velocity; this discharge is the output-
computed value.

Screen input-computed values (stage-velocity values).

Screen output-computed values (discharge values).

Store input-computed values in the Unit Values File, if
specified (stage-base and velocity-auxiliary values).

Store input-computed values in the Daily Values File,
if specified (stage and velocity).

Store output-computed values in the Unit Values File,
if specified (discharge).

Store output-computed values in the Daily Values File,
if specified (discharge).
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3.6 Dial/Real Variables

This section discusses the use of dial readings and real
variables, and explains the conversion of these kinds of input
data during processing and storage in ADAPS files.

3.6.1 Introduction

Many different types of instruments are installed in the
field to collect water data. The data recorded by these
instruments become input to ADAPS. The instruments record the
data in one of two formats: (1) dial (DIAL) readings, which are
integer (whole) numbers, and (2) real (REAL) values, which are
fractional (contain a decimal point) numbers. The input data are
initially processed (translated if paper tape) in strings of data
usually as dial readings representing parameters (variables) such
as stream stages, water temperatures, ground-water levels, etc.

3.6.2 Input Data Conversion

Depending upon the type of data collected and the computa-
tion method involved, the data are converted from DIAL readings
to REAL numbers, or they remain unchanged (DIAL to DIAL or REAL
to REAL), as is the case for satellite transmitted data, which
are REAL. The usual reason to convert from DIAL to REAL is to
obtain engineering units (i.e., feet for stages, degrees for
temperatures) for further use in the computation process. It is
obvious that all manipulations in the process should be done with
consistent units to obtain meaningful and correct results. If
the data are not initially converted to engineering units, they
are usually converted later in the process, as is often done with
water-quality monitor data. There may be times when the data are
not initially converted; it may be desirable to process the data
in the original (raw) form because the computatation process
makes more sense to convert later, or for some other reason such
as review of the raw data.

In ADAPS it is important to understand how input-edited unit
values are derived. They are derived as shown below.

Process The raw values in Store
recorded (raw) ===> temporary file are ===> input-edited

original time corrected and unit values
values into verified (edited) in the unit-values
temporary file. via ADAPS programs. MIDAS files

NOTE: Temporary files are saved for archival.
(See Sec. 15 of the Administrator’s Manual)
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The input-edited values are those used by the ADAPS programs that
edit and display unit values after translation if paper tapes are
involved. This initial process of handling the recorded data is
shown in Figure 2.

During primary processing or satellite data processing, the
input-edited values are converted (DIAL to REAL) to engineering
units or they are not converted (DIAL to DIAL or REAL to REAL).
The conversion to engineering units in the early processing is
accomplished by use of a Type 0 (Zero) rating. (See sec. 3.7.2.)
In the case of a slope or deflection/velocity meter station, a
Type 20 rating is used to convert the auxiliary gage data, in
addition to use of a Type 0 for the base gage. The values
produced by use of either a Type 0 or Type 20 rating are called
input-computed unit values. During the processing, these values
will have the base datum from the PR file and any datum correc-
tions added if applicable. 1In ADAPS, the user is prompted to
supply the format (DIAL or REAL) of this data, which is used in
conjunction with whatever computation method is selected. Note
that for a slope station, this means that with a Type 0 rating,
when creating the Processor File entry for the base gage stage,
the question of which format the input data are to be displayed
on the Primary sheet (discussed in sec. 3.10) must be answered
with REAL. With use of a Type 20 rating, while creating the
auxiliary Processor File entry, the question of input data format
display on the Primary sheet must also be answered with REAL. If
the data are not converted by the use of the Type 0 (or 20)
rating, they are still called input-computed and retain the same
format (data type) as the input-edited value except that they
have the datum corrections (if any) added. The above-mentioned
process is shown below.

Process Use Type O rating Apply Obtain
input-edited for conversion ===> base ===> input-computed
unit values of DIAL to REAL datum unit values
(usually in (simple stage-discharge and datum (usually in
DIAL units). station, or base gage correc- REAL values);

if a slope or deflec- tions in optionally
tion/velocity station). REAL stored in unit-
units values file(s).

Process Use Type 20 rating Apply Obtain
input-edited (auxiliary gage or ===> base ===> input-computed
unit values data if a slope or datum unit values
(usually in deflection/velocity and datum (usually in
DIAL units). station, respectively). correc- REAL values);

tions in optionally
REAL stored in unit-
units values file(s).
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Two recommendations about DIAL/REAL variables and primary
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