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PREFACE

This report was prepared by the Geological Survey in co-
operation with the States of Arkansas, Kansas, Louisiana, Mis-
sissippi, Missouri, New Mexico, Oklahoma, and Texas, and with
other agencies by personnel of the Water Resources Division
under the direction of L. B. Leopold, chief hydrologist, and S.
K. Love, chief, Quality of Water Branch. The data were collected
under the supervision of the following:

D. M. Culbertson, district engineer......... Lincoln, Nebr.
C. H. Hembree, district geologist........ . ... Austin, Tex.
J.H. Hubble, district chemist......... ... Little Rock, Ark.
S. F. Kapustka, district chemist.......... Baton Rouge, La.
R.H. Langford, district chemist....... Salt Lake City, Utah
R.P. Orth, district chemist ......... Oklahoma City, C*la.
J. M. Stow, district chemist ........ Albuquerque, N. Mex.
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QUALITY OF SURFACE WATERS
OF THE UNITED STATES, 1963

Parts 7 and 8

INTRODUCTION

The quality-of-water investigations of the United States Geo-
logical Survey are concerned with chemical and physical charac-
teristics of the surface and ground water supplies of the Nation.
Most of the investigations carried onin cooperation with State and
Federal agencies deal with the amounts of matter in solution and
in suspension in streams.

The records of chemical analysis, suspended sediment, and
temperature for surface waters given in this volume serve as a
basis for determining the suitability of the waters examinedfor all
uses. Thedischarge of a stream and (to a lesser extent) the chem-~
ical quality are related to variations in rainfall and other forms of
precipitation. In general, lower concentrations of dissolved solids
may be expected during the periods of highflow than during periods
of low flow. The concentration in some streams may chanze ma -
terially withrelatively small variations in flow, whereas for other
streams the quality may remain relatively uniform throughout large
ranges indischarge. The quantities of suspended sedimént carried
by streams are also related todischarge, and during floodperiods
the sediment content in streams may vary over wide ranges.

In 1941, the Geological Survey began publishing annual rec-
ords of chemical quality, suspended sediment, and water temper-
ature. The records prior to 1948 were published each year in a
single volume for the entire country, and in two volumes in 1948
and 1949. Beginning in 1950, the records were published in four
volumes and beginning in 1959 in five volumes. The drainage ba-
sins covered in the five volumes are shown in Figure 1. The data
given in this volume were collected during the water year Octo-
ber 1, 196z, to September 30, 1963, The records are arranged
by drainage basins in downstream order according to the Geolog-
ical Survey method of reporting streamflow. Stations on tributary
streams are listed between stations onthe main stem in the order
in which those tributaries enter the main stem.

1



2 QUALITY OF SURFACE WATERS, 1963

Parts 1-2; WSP 1947 \J_D\ This report
Parts 3-4; WSP 1948 |

Parts 5-6; WSP 1349
Parts 9-14; WSP 1951

Figure 1. --Map of the conterminous United States show-
ing basins covered by the five water-supply papers on
quality of surface waters in 1963. The shaded portion
represents the section of the country covered by this vol-
ume; the unshaded portion represents the section of the
country covered by other water-supply papers.

A station number hasbeenassignedas an added means of iden-
tification for each stream location where regular measurements
of water quantity or quality have been made. The n'umbers have
been assigned to conform with the standard downstream order of
listing gaging stations. The numbering system consists of two
digits followed by a hyphen and a six digit number. The notation
to the left of the hyphen identifies the Part or hydrologic region
used by the Geological Survey for reporting hydrologic data. The
number to the right of the hyphen-represents the position of the
location in the standard downstream order listing measuring sta-
tions within each of the 14 parts. The assigned numbers are in
numerical order but are not consecutive. They are so selected
from the complete 6 digit number scale that intervening numbers
will be available for future assignments to new locations. The
identification number for each station in this report is printed to
the left of the station name and contains only the essential digits .
For example, the number is printed as 4-100 for a s*ation whose
complete identification number is 04-0100. 00.
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Descriptive statements are given for each sampling station
where chemical analyses, temperature measurements, or sediment
determinations have been made. These statements include the lo-
cation of the station, drainage area, periods of records available,
extremes of dissolved solids, hardness, specific conductance, tem-
perature, sediment loads, and other pertinent data. Records of
discharge of the streams at or near the sampling station are in-
cluded in most tables of analyses.

During the water year ending September 30, 1963, the Geo-
logical Survey maintained 251 stations on 141streams for the study
of chemical and physical characteristics of surface water. Sam-
ples were collected daily and monthly at 231 of these locations for
chemical-quality studies. Samples were also collected less fre-
quently at many other points. Water temperatures were measured
daily at 123 stations. Not all analyses of samples of surface water
collected during the year have been included. Single analyses of
an incomplete nature generally have been omitted. Also, analyses
made of the daily samples before compositing have not been re-
ported. The specific conductance of almost all daily samples was
determined, and as noted in the table headings this information is
available for reference at the district offices listedunder Division
of Work, on page

Quantities of suspended sediment are reported for 43 stations
during the year ending September 30, 1963 . Sediment szmples
were collected one or more times daily at most stations, depending
on the rate of flow and changes in stage of the stream. Particle-
size distributions of sediments were determined at 42 of the
stations.

COLLECTION AND EXAMINATION OF SAMPLES

Samples for analyses are usually collected at or near points
on streams where gaging stations are maintained by Surface Water
Branch of U. S. Geological Survey for measurement of water dis-
charge. The concentration of solutes and sediments at different
locations in the stream-cross section may vary widely with dif-
ferent rates of water discharge depending on the source of the ma-
terial and the turbulence and mixing of the stream. In general, the
distribution of sediment in a stream section is muchmore variable
than the distribution of solutes. It is necessary to sample some
streams at several verticals across the channel and especially for
sediment, to uniformly traverse the depth of flow. These meas-
urements require special sampling equipment to adequately inte-
grate the vertical and lateral variability of the concentration inthe
section. These procedures yield a velocity-weighted mean con-
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centration for the section in contrast to the average concentration
that existed without regard to the variable velocities of the indi-
vidual fluid elements.

The near uniformly dispersed ions of the solute load move
with the velocity of the transporting water. Accordingly, the mean
section concentration of solutes determined from samples is a
precise measure of the total solute load. The mean section con-
centration obtained from suspended sediment samp'es is a less
precise measure of the total sediment load, because the sediment
samplers do not traverse the bottom 0. 3 foot of the sampling ver-
tical where the concentration of suspended sediment is greatest
and because a significant part of the coarser particles in many
streams move in essentially continuous contact witt the bed and
are not represented in the suspended sediment sample. Hence,
the computed sediment loads presented in this report are usually
less than the total sediment loads. For most streams the differ-
ence between the computed and total sediment loads will be small,
in the order of a few percent.

CHEMICAL QUALITY

The methods of collecting and compositing water samples for
chemical analysis are described in a manual by Rainwater and
Thatcher (1960, 301 p.). No single method of compositing sam-
ples is applicable to all problems related to the study of water
quality. Although generally holding to the principle of 10 day pe-
riods or equivalent to three composite samples per month modi-
fications are usually made onthe basis of dissolved-snlids content
as indicated by measurements of conductivity of daily samples,
supplemented by other information such as chloride content, river
stage, weather conditions and other background information of the
stream.

TEMPERATURE

Daily water temperatures were measured at most of the sta-
tions at the time samples were collected for chemical quality or
sediment content. So far as practicable, the water temperatures
were taken at about the same time each day for an individual sta-
tion in order that the data would be relatively unaffected by diurnal
variations in temperature. Most large, swiftly flow'ng streams
probably have a small diurnal variation in water temperature,
whereas sluggish or shallow streams may have a daily range of
several degrees and may follow closely the changes in air temper-
ature. The thermometers used for determining water temperature
were accurate to plus or minus 0. 5°F.
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At stations where thermographs are located, the recorc< con-
sist of maximum and minimum temperatures for each dzy, and
the monthly averages of maximum daily and minimunr daily
temperatures.

SEDIMENT

In general, suspended-sediment samples were collected daily
with U. S. depth-integrating cable-suspended samplers (U.S.
Interagency, 1963, p. 56-77 and U. S. Interagency, 1952, p. 86-90)
from a fixed sampling point at one vertical in the cross section.
The US DH-48 hand sampler was used at many stations during
periods of low flow. Depth-integrated samples were ccllected
periodically at three or more verticals inthe cross sectior to de-
termine the cross-sectional distribution of the concentration of
suspended sediment with respect to that at the daily sazmpling
vertical. In streams where transverse distribution of sediment
concentration ranges widely, samples were taken at two or more
verticals to define more accurately the average concentrztion of
the cross section. During periods of high or rapidly changing
flow, samples were taken two or more times throughout the day
at most sampling stations.

Sediment concentrations were determined by filtration-evap-
oration method. At many stations the daily mean concentration
for some days was obtained by plotting the velocity-weiglted in-
stantaneous concentrations on the gage-height chart. The plotted
concentrations, adjusted, if necessary for cross-sectional distri-
bution were connected or averaged by continuous curves to obtain
a concentration graph. This graph represented the estimated ve-
locity-weighted concentration at any time, and for most periods
daily mean concentrations were determined from the graph. The
days were divided into shorter intervals when the concentration
and water discharge were changing rapidly. During some periods
of minor variation in concentration, the average concentration of
the samples was used as the daily mean concentration. During
extended periods of relatively uniform concentration and fiow,
samples for a number of days were composited to obtain average
concentrations and average daily loads for each period.

For some periods when no samples were collected, dailyloads
of suspended sediment were estimated on the basis of water dis-
charge, sediment concentrations observed immediately preceding
and followingthe periods, and suspended-sediment loads for other
periods of similar discharge, the estimates were further guided
by weather conditions and sediment discharge for other stations.

In many instances where there were no observations for sev-
eral days, the suspended-sediment loads for individual days are
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not estimated, because numerous factors influencing the quantities
of transported sediment made it very difficult to make accurate
estimates for individual days. However, estimated loads of sus-
pended sediment for missing days in otherwise continuous period
of sampling have been included in monthly and anrwal totals in
order to provide a complete record. For some streams, samples
were collected weekly, monthly, or less frequently, and only rates
of sediment discharge at the time of sampling are shown.

In addition to the records of quantities of suspeniedsediment
transported, records of the particle sizes of sedir~ent are in-
cluded. The particle sizes of the suspended sediment for many of
the stations, and the particle sizes of the bed material for some
of the stations were determined periodically.

The size of particles in stream sediments commonly range
from colloidal clay (finer than 0. 001 mm) to coarse sznd or gravel
{coarser than 1.0 mm). The common methods of particle-size
analyses cannot accommodate such a wide range in particle size.
Hence, it was necessary to separate mostsamples into two parts,
one coarser than 0.062 mm and one finer than 0.0€2 mm. The
separations were made by sieve or by a tube containing a settling
medium of water. The coarse fractions were classified by sieve
separation or by the visual accumulation tube (U.S. Interagency,
1957). The fine fractions were classified by the pipet method
(Kilmer and Alexander, 1949) or the bottom withdrawal tube meth-
od (U.S. Interagency, 1943, p. 82-90).

EXPRESSION OF RESULTS

Quantities of water for analysis are most conveniently meas-
ured in the laboratory by use of volumetric glassware. The an-
alytical results thus obtained in this report are ervressed in
weights of solute in a given volume of water. To express the re-
sults in parts of solute per million (ppm) of water the data must
be converted. For most waters this conversion is made by as-
suming that the liter of water sample weighs 1 kilogrzm; and thus
milligrams per liter are equal to parts per million.

Equivalents per million are notreported, although the expres-
sion of analyses in equivalents per million is sometimes pre-
ferred. An equivalent per million (epm) is a unit chemical com-
bining weight of a constituent in a million unit weights of water.
Chemical equivalence in equivalents per million can be obtained
by (a) dividing the concentration in parts per million by the com-
bining weight of that ion, or (b) multiplying the concentration (in
ppm) by the reciprocal of the combining weights. Th~ following
table lists the reciprocals of the combining weights of cations and
anions generally reported in water analyses.
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The conversion factors are computed from atomic weights
based on carbon-12 (International Union of Pure and Applied
Chemistry, 1961).

Conversion factors: Parts per million to equivalents per million
r

Ion Multiply Ion M-ltiply
by by

Aluminum (Al*9), ..., 0.11119 | Hydroxide (OH-1)... | 0.05880
Arsenic (As*3) ....... .04004 jIodide (I7Y)......... .00788
Barium (Ba*?)........ .01456 (Iron (Fet+3)......... .05372
Beryllium (Be*?) ...., .22192 || Lead (Pb*?)........ | .00965
Bicarbonate (HCO,™"), .| .01639 | Lithium (Li™)...... .14411
Bromide (Br7)....... .01251 (| Magnesium (Mg*2).. | .08226
Cadmium (Cd*?)...... .01779 | Manganese (Mn*?) .. | .03640
Calcium (Ca*?®)....... .04990 [ Nickel (Ni*%)....... . 03406
Carbonate (CO,™2) ....| .03333 || Nitrate (NO;™)..... .01613
Chloride (C1™Y)....... .02821 |[Phosphate (PO4™3).. | .03159
Chromium (Cr+9)..... .11539 | Potassium (K*').... | .02557
Cobalt (Cot?)......... .03394 || Sodium (Nat')...... . 04350
Copper (Cut?)........ .03148 | Strontium (Sr*?).... | .02282
Fluoride (F7%)........ .05264 | Sulfate (SO47%) .....| .02082
Hydrogen (H™)....... .99209 |l Zinc (Zn*?) ........ .03060

Results given in parts per million can be converted to grains
per United States gallon by dividing by 17.12.

The hardness of water is conventionally expressed in all wa-
ter analyses in terms of an equivalent quantity of calcium car-
bonate. Such a procedure is required because hardness is caused
by several different cations, present in variable proportions. It
should be remembered that hardness is an expression in conven-
tional terms of a property of water. The actual presence of cal-
cium carbonate in the concentration given is not to be asrsumed.
The hardness caused by calcium and magnesium (and other cations
if significant) equivalent to the carbonate and bicarbonate is called
carbonate hardness; the hardness in excess of this quantity is
called noncarbonate hardness. Hardness or alkalinity values ex-
pressed in parts per million as calcium carbonate may be con-
verted to equivalents per million by dividing by 50.

The value usually reported as dissolved solids is the residue
on evaporation after drying at 180°C for 1 hour. For some waters,
particularly those containing moderately large quantities of soluble
salts, the value reported is .calculated from the quantities of the
various determined constituents using the carbonate equivalent of
the reported bicarbonate. The calculated sum of the constituents
may be given instead of or in addition to the residue. In the
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analyses of most waters used for irrigation, the quantity of dis-
solved solids is given in tons per acre-foot as well as in partsper
million.

Specific conductance is given for most analyses and was de-
termined by means of a conductance bridge and usinT a standard
potassium chloride solution as reference. Specific conductance
values are expressed in micromhos per centimeter at 25°C. Spe-
cific conductance in micromhos is 1 million times the reciprocal
of specific resistance at 25°C. Specific resistance is the resist-
ance in ohms of a column of water 1 centimeter long and 1 square
centimeter in cross section.

The discharge of the streams is reported in cubic feet per
second (see Streamflow, p.24 ) and the temperature in degrees
Fahrenheit. Color is expressed in units of the platinum-cobalt
scale proposed by Hazen (1892, p. 427-428). A unit of color is
produced by one milligram per liter of platinum in the form of the
chloroplatinate ion. Hydrogen-ion concentration is expressed in
terms of pH units. By definition the pH value of a solution is the
negative logarithm of the concentration of gram ions of hydrogen.
However, the pH meter that is generally used in Survey labora-
tories determines the activity of the hydrogen ions as d*stinguished
from concentration.

An average of analyses for the water year is given for most
daily sampling stations. Most of these averages are arithmetical,
time-weighted, or discharge-weighted; when analyses during a
year are all on 10-day composites of daily samples with no miss-
ing days, the arithmetical and time-weighted averages are equiv-
alent. A time-weighted average represents the composition of
water that would be contained in a vessel or reservcir that had
received equal quantities of water from the river each day for the
water year. A discharge-weighted average approximates the com-
position of water that would be found in a reservoir ccntaining all
of the water passing a given station during the year after thorough
mixing in the reservoir. A discharge-weighted average is com-
puted by multiplying the discharge for the sampling period by the
concentrations of individual constituents for the corresponding
period and dividing the sum of the products by the sum of the dis-
charges. Discharge-weighted averages are usually lower than
arithmetical averages for most streams because at times of high
discharge the rivers generally have lower concentrations of dis-
solved solids.

A program for computing these averages on an electronic
digital computer was instituted in the 1962 water year. This pro-
gram extended computations to include averages for pH values
expressed in terms of hydrogen ion and averages for the concen-
tration of individual constituents expressed in tons per day. Con-
centrations in tons per day are computed the same as daily sedi-
ment loads.
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The concentration of sediment in parts per million is com-
puted as 1,000, 000 times the ratio of the weight of sedimert to the
weight of water-sediment mixture. Daily sediment loads are ex-
pressed intons per day and exceptfor subdivided days are usually
obtained by multiplying daily mean sediment concentration inparts
per million by the daily meandischarge, and the appropriate con-
version factor, normally 0. 0027,

Particle-size analyses are expressed in percentages of ma-
terial finer than indicated sizes in millimeters. The size classi-
fication used in this report is that recommended by the Ar~erican
Geophysical Union Subcommittee on Terminology (Lane and others,
1947, p. 937). Other data included as pertinent to the size anal-
yses for many streams are the date of collection, the stream dis-
charge, sediment concentration when sample was collected, and
the method of analysis.

COMPOSITION OF SURFACE WATERS

All natural waters contain dissolved mineral matter. Water
in contact with soils or rock, even for only a few hours, willdis-
solve some mineral matter. The quantity of dissolved mineral
matter in a natural water depends primarily on the type of rocks
or soils with which the water has been in contact and the length of
time of contact. Some streams are fed by both surface runoff and
ground water from spring or seeps. Such streams ref'ect the
chemical character of their concentrated underground sources dur-
ing dry periods and are more dilute during periods of heavy rain-
fall. Ground water is generally more highly mineralized than sur-
face runoff because it remains in contact with the rocks and soils
for much longer periods. The dissolved-solids content in a river
is frequently increased by drainage from mines or oil fields, by
the addition of industrial or municipal wastes, or--in irrigated
regions--by drainage from irrigated lands.

The mineral constifuents and physical properties of natural
waters reported in the tables of analyses include those that have
a practical bearing on the value of the waters for most purposes.
The analyses generally include results for silica, iron, calcium,
magnesium, sodium, potassium (or sodium and potassium together
calculated as sodium), alkalinity as carbonate and bicarbonate,
sulfate, chloride, fluoride, nitrate, boron, pH, dissolved solids
and specific conductance. Aluminum, manganese, color, acidity,
oxygen consumed, and other dissolved constituents and physical
properties are reported for certain streams. Phenolic material
and minor elements including strontium, chromium, nickel, cop-
per, lead, zinc, cobalt, arsenic, cadmium, and others are occa-
sionally determined for a few streams in connection with specific
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problems in local areas and the results are reported when appro-
priate.. The source and significance of the different constituents
and properties of natural waters are discussed in the following
paragraphs. The constituents are arranged in the order that they
appear on standard analytical statement cards which are used to
process the chemical quality data in this report.

MINERAL CONSTITUENTS IN SOLUTION
Silica (Si0,)

Silica is dissolved from practically all rocks. Some natural
surface waters contain less than 5 parts per million cf silica and
few contain more than 50 parts, but the more common range is
from 10 to 30 parts per million. Silica affects the usefulness of
a water because it contributes to the formation of boiler scale; it
usually is removed from feed water for high-pressure boilers.
Silica also forms troublesome deposits onthe blades cfsteam tur-
bines.

Aluminum (Al)

Aluminum is usually present only in negligible cuantities in
natural waters except in areas where the waters have b~en in con-
tact with the more soluble rocks of high aluminum content such as
bauxite and certain shales. Acid waters often containlarge amounts
of aluminum. It maybe troublesome in feed waters where it tends
to be deposited as a scale on boiler tubes.

Iron (Fe)

Iron is dissolved from many rocks and soils. On exposure to
the air, normal basic waters that contain more than 1 part per
million of iron soonbecome turbid with the insoluble reddish ferric
oxide produced by oxidation. Surface waters, therefore, seldom
contain as much as 1 part per million of dissolved iron, although
some acid waters carry large quantities of iron in solution. Iron
causes reddish-brown stains on white porcelain or encmeled ware
and fixtures and on fabrics washed in the water.

Manganese (Mn)

Manganese is dissolved in appreciable quantities from rocks
insome sections of the country. It resembles iron in its chemical
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behavior and in its occurrence in natural waters. However, man-
ganese in rocks is less'abundant than iron. As a result the con-
centration of manganese is much less than that of iron and is not
regularly determined in many areas. Waters impounded ir large
reservoirs may contain manganese that has been dissolved from
the mud onthe bottom of the reservoir by action of carbon cioxide
produced by anaerobic fermentation of organic matter. It is es-
pecially objectionable in water used in laundry work and in textile
processing. Concentrations as low as 0.2 part per million may
cause a dark-brown or black stain on fabrics and porcelain fix-
tures. Appreciable quantities of manganese are often found in
waters containing objectionable quantities of iron.

Calcium (Ca)

Calcium is dissolved from almost all rocks and soils, but the
highest concentrations are usually found in waters that have been
in contact with limestone, dolomite, and gypsum. Calcium and
magnesium make water hard and are largely responsible for the
formation of boiler scale. Most waters associated with granite or
gilicious sands contain less than 10 parts per million of calcium;
waters in areas where rocks are composed of dolomite anc¢ lime-
stone contain from 30 to 100 parts per million; and waters that
have come in contact with deposits of gypsum may contain several
hundred parts per million.

Magnesium (Mg)

Magnesium is dissolved from many rocks, particularly from
dolomitic rocks. Its effect in water is similar to that of calcium.
The magnesium in soft waters may amount to only 1 or 2 partsper
million, but water in areas that containlarge quantities of dolomite
or other magnesium-bearing rocks may contain from 20 to 100
parts per million or more of magnesium.

Strontium (Sr)

Strontium is a typical alkaline-earth element and is similar
chemically to calcium. Strontium may be present in natural water
in amounts up to a few parts per million much more frequently
than the available data indicate. In most surface water the amount
of strontium is small in proportion to calcium. However, in sea
water the ratio of strontium to calcium is 1:30.
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Sodium and potassium (Na and K)

Sodium and potassium are dissolved from practically all
rocks. Sodium is the predominant cation in some of the more
highly mineralized waters found in the western United States.
Natural waters that contain only 3 or 4 parts per million of the
two together are likely to carry almost as much potassium as
sodium. As the total quantity of these constituents increases, the
proportion of sodium becomes much greater. Moderate quantities
of sodium and potassium have little effect onthe usefulness of the
water for most purposes, but waters that carry more than 50 or
100 parts per million of the two may require careful operation of
steam boilers to prevent foaming. More highly miner~lized waters
that contain a large proportion of sodium salts may be unsatis-
factory for irrigation.

Lithium (Li)

Data concerning the quantity of lithium in water are scarce,
It is usually found in small amounts inthermal springs and saline
waters. Lithium also occurs in streams where somre industries
dump their waste water. The scarcity of lithium in rocks is re-
sponsible more than other factors for relatively small amounts
present in water.

Bicarbonate, carbonate and hydroxide (HCO,, CO,, OH)

Bicarbonate, carbonate, or hydroxide is sometimes reported
as alkalinity. The alkalinity of a water is defined as its capacity
to consume a strong acid to pH 4.5. Since the major causes of
alkalinity in most natural waters are carbonate and bicarbonate
ions dissolved from carbonate rocks, the results are usually re-
ported in terms of these constituents. Although all-alinity may
suggest the presence of definite amouats of carbonate, bicarbon-
ate or hydroxide, it may not be true due to other ions that con-
tribute to alkalinity such as silicates, phosphates, bcrates, pos-
sibly fluoride, and certain organic anions which may occur in
colored waters. The significance of alkalinity to the domestic,
agricultural, and industrial user is usually dependent upon the
nature of the cations (Ca, Mg, Na, K) associated with it. How-
ever, moderate amounts of alkalinity does not adversely affect
most users.

Hydroxide may occur in water that has been softened by the
lime process. Its presence in streams usually can be taken as
an indication of contamination and does not represent the natural
chemical character of the water.
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Sulfate (SO,)

Sulfate is dissolved from many rocks and soils--in especially
large quantities from gypsum andfrom beds of shale. It is formed
also by the oxidation of sulfides of iron and is therefore present
in considerable quantities in waters from mines. Sulfate invraters
that contain much calcium and magnesium causes the formation of
hardscale in steam boilers and may increase the cost of softening
the water.

Chloride (Cl)

Chloride is dissolved from rock materials in all parts of the
country. Surface wate