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FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM OF UNITS (SD)

For the convenience of readers who may want to use the International System of
Units (SI), the data may be converted by using the following factors:

Multiply By To obtain
inch (in.) 25.4 millimeter (mm)
inch per hour (in/h) 25.4 millimeter per hour (mm/h)
foot (ft) 0.3048 meter (m)
foot per mile (ft/mi) 0.1890 meter per kilometer (m/km)
mile (mi) 1.609 kilometer (km)
square mile (mi?) 2.590 square kilometer (km2)
acre 0.4047 hectare (ha)
acre-foot (acre-ft) 1.233 x 1073 cubic hectometer (hm?)
acre-foot per year (acre-ft/yr) 1.233 x 1073 cubic hectometer per year (hm?/a)
gallon per minute (gal/min) 0.06309 liter per second (L/s)
cubic foot (ft3) 0.02832 cubic meter (m?)
cubic foot per second (ft3/ s) 0.02832 cubic meter per second (m3/ s)
cubic foot per second cubic meter per second
per square mile [(ft3/s)/mi?] 0.01760 per square kilometer [(m3/s)/km?]
ton, short 0.9072 megagram (Mg)
ton per square 'r2nile per megagram per sguare kilometer per
year [(ton/mi“)/yr] 0.5638 year [(Mg/km<)/a]
foot per day (ft/d) 0.3048 meter per day (m/d)
foot squared per day (ftz/ d) 0.0929 meter squared per day (m2/ d)
gallon per minute liter per second
per foot [(gal/min)/ft] 0.2070 per meter [(L/s)/m]
micromho per centimeter (umho/cm) 100 microsiemens per meter (uS/m)

°C = (°F-32) X 5/9
°F = (°C x 9/5) + 32

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum derived from a general adjustment of the
first-order level nets of both the United States and Canada, formerly called mean sea level. NGVD of 1929 is referred to as
sea level in this report.
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Abstract

Area 61, one of 20 hydrologic areas of the
Northern Great Plains and Rocky Mountain Coal
Provinces, is located north and south of the Colora-
do-New Mexico State boundary and includes the
Raton Mesa coal region. The Huerfano, the Api-
shapa, the Purgatoire, the Canadian, the Vermejo,
and the Cimarron Rivers are the principal streams
draining the region; all are tributaries of the Arkan-
sas River.

Geologically, the area is an asymmetrical struc-
tural trough bounded on the west by the Rocky
Mountains and on the east by the Great Plains.
There has been abundant igneous activity in the area
with the Spanish Peaks and Raton Mesa the most
prominent remnants. The Vermejo Formation of
Late Cretaceous age and the Raton Formation of
Late Cretaceous and Paleocene age are the principal
coal-bearing formations.

The more than 8,000 feet of topographic relief in
Area 61 has a significant impact on the climate and,
consequently, on the pattern of stream runoff.
Precipitation ranges from less than 16 inches at lower
elevations to more than 40 inches on mountain crests.
Because a large percentage of the annual runoff
comes from snowmelt during spring and early sum-
mer months, reservoirs commonly are used to store
water in the Plains area where the long-term average
annual precipitation is less than 16 inches.

Much of the land in Area 61 is privately owned.
Livestock grazing, forest industry, irrigated agricul-
ture, recreation, and mining are the principal land
uses. Agriculture is the chief use of water.

Streamflow is gaged at 52 sites. Streams with

headwaters above 10,000 feet generally have a better
sustained flow than those with drainage basins at
lower elevations. Flash floods with high, sharp peaks
and short durations are a problem.

Virtually all geologic units in the region yield
water to wells. The depth to ground water varies
from the land surface to 400 feet. Ground water is
both confined and unconfined. The ground-water
data base includes 376 sites.

Ground water and surface water in Area 61
contain mostly calcium and sodium bicarbonate and
sulfate ions; sodium chloride ions locally occur in the
ground water. The pH ranges from about neutral to
slightly alkaline.

Hydrologic problems related to mining activities
are erosion and increased sedimentation, local de-
cline in the water table, and degradation of water
quality. Erosion and sedimentation are primarily
surface-mining problems. Sediment yields increase
significantly when vegetation is removed from erodi-
ble soils. Disruption of the water table is both a
surface- and an underground-mining problem.
Degradation of water quality can result from drain-
age from either surface or underground mines.

All historical and current data related to stream
discharge, water quality, sediment, and biology are
available from computer storage through the Nation-
al Water Data Storage and Retrieval System
(WATSTORE) and through the National Water Data
Exchange (NAWDEX). Current data are published
in annual Water Resources Data reports for Colora-
do and New Mexico.



1.0 OBJECTIVE

Report on Area 61--Raton Mesa Coal Region--Submitted
in Support of Public Law 95-87

Description of existing hydrologic conditions is presented and sources of
hydrologic information are identified.

This report provides hydrologic information us-
ing a brief text with an accompanying map, chart,
graph, or other illustration for each of a series of
topics related to water resources. The summation of
topical discussions provides a description of the
hydrology of Area 61--Raton Mesa coal region. This
information should be useful to mine owners, mine
operators, and consulting engineers in the prepara-
tion of permit applications and to regulatory authori-
ties in appraising the adequacy of the permits.

A need for hydrologic information and analysis
on a National scale was identified when the ”Surface
Mining Control and Reclamation Act of 1977" was
signed into law as Public Law 95-87, on August 3,
1977.

Coal-producing regions in the United States have
been divided by the U.S. Geological Survey into
hydrologic report areas. These areas are combina-

tions or segments of hydrologic units modified to
reflect the distribution of the coal. Area 61, delineat-
ed in figure 1.0-1, is located north and south of the
State boundary between Colorado and New Mexico
and encompasses parts of Huerfano and Las Animas
Counties in Colorado and Colfax County in New
Mexico.

The hydrologic information presented or availa-
ble through sources identified in this report may be
used in describing the hydrology of the general area
of any proposed mine. It is expected that this hy-
drologic information will be supplemented by data
from the lease applicant’s specific site and from other
sources to provide a more detailed appraisal of the
hydrology in the vicinity of the mine and of the
anticipated hydrologic consequences of the mining
operation.




































































































































































































































9.0 WATER-DATA SOURCES
9.1 Introduction

NAWDEX, WATSTORE, OWDC have Water Data Information

Water data are collected in coal areas by a large number of organizations in
response to a wide variety of needs.

Three activities within the U.S. Geological Sur-
vey help to identify and improve access to the vast
amount of existing data.

(1) The National Water Data Exchange
(NAWDEX) indexes the water data available from
more than 400 organizations and serves as a central
focal point to help those needing data to determine
what information is available.

(2) The National Water Data Storage and Retrie-
val System (WATSTORE) serves as the central re-
spository of water data collected by the U.S. Geolog-
ical Survey and contains data on the quantity and
quality of surface and ground water.
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(3) The Office of Water Data Coordination
(OWDQ) coordinates Federal water-data acquisition
activities and maintains a "Catalog of Information
on Water Data.” To assist in identifying available
water-data activities in coal provinces of the United
States, special indexes to the catalog are being print-
ed and made available to the public.

More detailed explanations of these three activi-
ties are given in sections 9.2, 9.3, and 9.4. The
availability of topographic maps covering Area 61 is
discussed in section 9.5.



9.0 WATER-DATA SOURCES--Continued
9.2 National Water-Data Exchange (NAWDEX)

NAWDEX Simplifies Access to Water Data

The National Water-Data Exchange (NAWDEX) is a nationwide program managed by
the U.S. Geological Survey to assist users of water data or water-related
data in identifying, locating, and acquiring needed data.

NAWDEX is a national confederation of water-
oriented organizations working together to make
their data more accessible and to facilitate a more
efficient exchange of water data.

Services are available through a Program Office
at the U.S. Geological Survey’s National Center in
Reston, Va., and a nationwide network of Assistance
Centers in 45 States and Puerto Rico, which provide
local and convenient access to NAWDEX facilities
(fig. 9.2-1). A directory is available upon request
that provides names of organizations and persons to
contact, addresses, telephone numbers, and office
hours for each of these locations [Director of Assist-
ance Centers of the National Water-Data Exchange
(NAWDEX), U.S. Geological Survey Open-File Re-
port 80-1193].

NAWDEX can assist any organization or in-
dividual in identifying and locating water data and
referring the requester to the organization that re-
tains the data required. To perform this service,
NAWDEX maintains a computerized Master Water-
Data Index (fig. 9.2-2) that identifies sites for which
water data are available, the type data available for
each site, and the organization retaining the data. A
Water-Data Sources Directory (fig. 9.2-3) also is
maintained that identifies organizations and the loca-
tions within these organizations from which data
may be obtained. In addition, NAWDEX has direct
access to some large water-data bases of its members
and has reciprocal agreements for the exchange of
services with others.

Charges for NAWDEX services are assessed at
the option of the organization providing the request-
ed data or data service. Search-assistance services are
provided free by NAWDEX to the greatest extent
possible. Charges are assessed, however, for those
requests requiring computer cost, extensive personnel
time, duplicating services, or other costs encountered
by NAWDEX in the course of providing services.

80

Charges assessed by NAWDEX Assistance Centers
will not exceed the direct costs incurred in responding
to the data request. Estimates of cost are provided
by NAWDEX upon request, however estimates will
be automatically provided when costs are anticipated
to be substantial.

For additional information concerning the
NAWDEX program or its services contact:

Program Office
National Water Data Exchange (NAWDEX)
U.S. Geological Survey
421 National Center
12201 Sunrise Valley Drive
Reston, VA 22092

Telephone: (703) 860-6031
FTS 928-6031

Hours: 7:45 to 4:15 Eastern Standard Time
or

COLORADO
U.S. Geological Survey
Water Resources Division
MS 415 Box 25046 Denver Federal Center
Lakewood, CO 80225

Telephone: (303) 234-5097
or

NEW MEXICO
U.S. Geological Survey
Water Resources Division
505 Marquette NW, Room 720
Western Bank Building
Albuquerque, NM 87102
Telephone: (505) 766-2430









Water-Quality File: Results of over 1.4 million
analyses of water samples that describe the chemical,
physical, biological, and radiochemical characteris-
tics of both surface and ground waters are contained
in this file. These analyses contain data for 185
different constituents.

Unit Values File: Water parameters measured on
a schedule more frequent than daily are stored in this
file. Rainfall, stream discharge, and temperature
data are examples of the types of data stored in the
Unit Values File.

Ground-Water Site-Inventory File: This file is
discussed above, but it is cross-referenced to the
Water-Quality File and the Daily Values File. It
contains inventory data about wells, springs, and
other sources of ground water. The data included are
site location and identification, geohydrologic
characteristics, well-construction history, and one-
time field measurements such as water temperature.
The file is designed to accommodate 255 data ele-
ments and currently contains data for nearly 70,000
sites.

All data files of the WATSTORE system are
maintained and managed on the central computer
facilities of the Geological Survey at its National
Center. However, data may be entered into or re-
trieved from WATSTORE at a number of locations
that are part of a nationwide telecommunication
network.

Remote Job-Entry Sites: Almost all of the Water
Resources Division’s district offices are equipped
with high-speed computer terminals for remote ac-
cess to the WATSTORE system. These terminals
allow each site to put data into or retrieve data from
the system within several minutes to overnight,
depending upon the priority placed on the request.
The number of remote job entry sites is increased as
the need arises.

Digital-Transmission Sites: Digital recorders are
used at many field locations to record values for
parameters such as river stages, conductivity, water
temperature, turbidity, wind direction, and chlo-
rides. Data are recorded on 16-channel paper tape,
which is removed from the recorder and transmitted
over telephone lines to the receiver at Reston, Vir-
ginia. The data are recorded on magnetic tape for
use on the central computer. Extensive testing of
satellite data collection platforms indicates their
feasibility for collecting real-time hydrologic data on
a national scale. Battery-operated radios are used as
the communication link to the satellite. About 200
data relay stations are being operated currently
(1980).

Central-Laboratory System: The Water Re-
sources Division’s two water-quality laboratories,
located in Lakewood, Colorado, and Atlanta, Geor-
gia, analyze more than 150,000 water samples per
year. These laboratories are equipped to automati-
cally perform chemical analyses ranging from
determinations of simple inorganic compounds, such
as chlorides, to complex organic compounds, such as
pesticides. As each analysis is completed, the results
are verified by laboratory personnel and transmitted
via a computer terminal to the central computer
facilities to be stored in the Water-Quality File of
WATSTORE.

Water data are used in many ways by decision-
makers for the management, development, and
monitoring of our water resources. In addition to its
data processing, storage, and retrieval capabilities,
WATSTORE can provide a variety of useful
products ranging from simple data tables to complex
statistical analyses. A minimal fee, plus the actual
computer cost incurred in producing a desired
product, is charged to the requester.

Computer-Printed Tables: Users most often re-
quest data from WATSTORE in the form of tables
printed by the computer. These tables may contain
lists of actual data or condensed indexes that indicate
the availability of data stored in the files. A variety
of formats is available to display the many types of
data.

Computer-Printed Graphs: Computer-printed
graphs for the rapid analysis or display of data are
another capability of WATSTORE. Computer pro-
grams are available to produce bar graphs
(histograms), line graphs, frequency distribution
curves, X-Y point plots, site-location map plots, and
other similar items by means of line printers.

Statistical Analyses: WATSTORE interfaces
with a proprietary statistical package (SAS) to pro-
vide extensive analyses of data such as regression
analyses, the analysis of variance, transformations,
and correlations.

Digital Plotting: WATSTORE also makes use of
software systems that prepare data for digital plot-
ting on peripheral offline plotters available at the
central computer site. Plots that can be obtained
include hydrographs, frequency distribution curves,
X-Y point plots, contour plots, and three-dimension-
al plots.

Data in Machine-Readable Form: Data stored in
WATSTORE can be obtained in machine-readable
form for use on other computers or for use as input
to user-written computer programs. These data are
available in the standard storage format of the WAT-

STORE system or in the form of punched cards or
card images on magnetic tape.

Much of the streamflow, ground-water, and

water-quality data used in this report are available on
WATSTORE.

| WATSTORE |

Station Header File

Ground-Water
Site-Inventory File

Water-Use File

| I

Daily Values File Peak Flow File

Figure 9.3-1

Water Quality File Unit Values File

Index file stored data.

9.0 WATER-DATA SOURCES--Continued
9.3 WATSTORE



9.0 WATER-DATA SOURCES--Continued

9.4 Index to Water-Data Activities in Coal Provinces

Water Data Indexed for Coal Provinces

A special index ”"Index to Water-Data Activities in Coal Provinces of the
United States” has been published by the U.S. Geological Survey’s
Office of Water Data Coordination (OWDC).

The "Index to Water-Data Activities in Coal
Provinces of the United States” was prepared to
assist those involved in developing, managing, and
regulating the Nation’s coal resources by providing
information on the availability of water-resources
data in the major coal provinces of the United States.
The index is derived from the "Catalog of Informa-
tion on Water Data,” which is a computerized infor-
mation file about water-data acquisition activities in
the United States and its territories and possessions,
with some international activities included.

This special index consists of five volumes (fig.
9.4-1): volume I, Eastern Coal province; volume II,
Interior Coal province; volume III, Northern Great
Plains and Rocky Mountain Coal provinces; volume
IV, Guif Coast Coal province; and volume V, Pacific
Coast and Alaska Coal provinces. The information
presented will aid the user in obtaining data for
evaluating the effects of coal mining on water re-
sources and in developing plans for meeting addition-
al water data needs. The report does not contain the
actual data; rather, it provides information that will
enable the user to determine if needed data are
available.

Each volume of this special index consists of four
parts: Part A, Streamflow and Stage Stations; Part
B, Quality of Surface-Water Stations; Part C, Qual-
ity of Ground-Water Stations; and Part D, Areal
Investigations and Miscellaneous Activities. Infor-
mation given for each activity in Parts A-C includes:
(1) the identification and location of the station, (2)
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the major types of data collected, (3) the frequency
of data collection, (4) the form in which the data are
stored, and (5) the agency or organization reporting
the activity. Part D summarizes hydrologic investi-
gations and water-data activities not included in
other parts of the index. The agencies that submitted
the information, agency codes, and the number of
activities reported by type are included.

Those who need additional information from the
Catalog File or who need assistance in obtaining
water data should contact the National Water Data
Exchange (NAWDEX). (See section 9.2.)

Further information on the index volumes and
their availability may be obtained from:

District Chief
U.S. Geological Survey
Water Resources Division
MS 415 Box 25046 Denver Federal Center
Lakewood, CO 80225

or

District Chief
U.S. Geological Survey
Water Resources Division
505 Marquette NW, Room 720
Western Bank Building
Albuquerque, NM 87102
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10.0 SUPPLEMENTAL INFORMATION FOR AREA 61--Continued
10.1 Surface-Water Stations
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10.2 Ground-Water Stations
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10.2 Ground-Water Stations
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