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RECONNAISSANCE OF THE CHEMICAL

QUALITY OF SURFACE WATERS OF

THE CANADIAN RIVER BASIN, TEXAS

ABSTRACT

The quality of water in streams of the Canadian
River basin, Texas, is controlled by the geology. stream·
flow pattern and characteristics. and in some areas by
man's activities. Most of the streams drain rocks of the
Ogallala Formation of Tertiary age and Dockum Group
of Triassic age and generally contain water of good
quality. with dissolved-solids concentrations less than
250 ppm (parts per million). However, the 12,700
square miles of the basin in the semiarid Texas
Panhandle receives an average of only 19 inches of
rainfall per year, of which less than 1 inch leaves the
State as runoff. The surface-water supply of the basin is
very limited, with most of the streams dry many days
during the year.

The water in the Canadian River, as it enters Texas
from New Mexico, contains more than 500 ppm
dissolved solids; as the river flows across the Texas
Panhandle, the dissolved-solids content progressively
increases. The meager flows of streams with water of
good quality from Ogallala and Dockum rocks are not

sufficient to dilute natural saline inflows from Permian
rocks and inflows of oil·field brines and municipal
wastes. Most surface waters in the basin range from hard
to very hard. Calcium, sodium, magnesium, and bicar
bonate are the principal dissolved constituents in most
streams.

Lake Meredith, completed in 1965, is the only
major surface-water supply in the basin except for Lake
Rita Blanca which is used solely for recreation. Water
from Lake Meredith will be used to supplement ground
water for municipal and industrial purposes. Water
impounded in this lake, although usable for public
supply, is very hard and does not meet U.S. Public
Health Service standards for dissolved·solids concen
trations. During extended dry periods, the dissolved
solids may approach 1,000 ppm. There are no plans to
use Lake Meredith water or any other surface supply in
the basin for irrigation. Any surface·water source to
supplement the ground water presently used for irriga
tion would probably have to be imported to the basin.



RECONNAISSANCE OF THE CHEMICAL

QUALITY OF SURFACE WATERS OF

THE CANADIAN RIVER BASIN, TEXAS

INTRODUCTION

The investigation of the chemical quality of the
surface waters of the Canadian River basin in Texas is
part of a statewide reconnaissance. This report is one in
a series presenting the results of the study and a
summary of available chemical-quality data. Reports on
the Sabine, Neches. Trinity. San Jacinto, Brazos, and
Colorado River basins have been published (Figure 11
Future reports are planned for each major river basin in
Texas.

Knowledge of the quality of water that will be
available is essential in planning any water-use project,
because the chemical character of the water determines
its suitability for domestic supply. irrigation, or indus
trial use. In addition to determining the suitability of
water for specific uses, chemical-quality data are needed
for: (1) the inventory of water resources, (21 deter·
mination of the type or extent of treatment needed to
make the water suitable for a specific use, (3) detection
and control of pollution, (4) planning for reuse of water,
and 15) demineralization of water.

A network of daily chemical-quality stations on
principal streams in Texas is operated by the U.S.
Geological Survey in cooperation with the Texas Water
Development Board and with federal and local agencies.
However, this network has not been adequate to
describe completely the chemical quality of the surface
waters of the State, To supplement the information
being obtained by the network, a cooperative statewide
reconnaissance by the U.S. Geological Survey and the
Texas Water Development Board was begun in Septem·
ber 1961. In this study, samples for chemical analyses
have been collected periodically at numerous sites
throughout Texas so that some quality-of-water infor·
mation would be available at locations where water·
development projects are likely to be built. These data
aid in the delineation of areas having water-quality
problems and in the identification of probable sources of
pollution, thus indicating areas in which more detailed
investigations are needed.

·2·

During the period September 1961 to June 1966,
water·quality data were collected from the principal
streams and tributaries and from two major reservoirs in
the Canadian River basin. Some water-quality data from
the basin in New Mexico and Oklahoma are included in
this study.

Other agencies that have cooperated in the collec·
tion of chemical·quality and streamflow data include the
Canadian River Municipal Water Authority, the city of
Amarillo, the U.S. Bureau of Reclamation, the Texas
State Department of Health, the Oklahoma Water
Resources Board, and the New Mexico Interstate Stream
Commission.

CANADIAN RIVER DRAINAGE BASIN

General Description

The Canadian River basin in Texas is in the
northern half of the Texas Panhandle (Figure 1). The
area, which includes part of the North Canadian River
subbasin. is bounded on the west by the New Mexico·
Texas state line, on the north and east by the Texas·
Oklahoma state line, and on the south by the Red River
basin. The drainage basin, which includes all or part of
sixteen counties, has a total area of 12,700 square miles
in Texas. of which about 4,500 square miles is probably
noncontributing.

The Canadian River rises in New Mexico and flows
easterly across the Texas Panhandle into Oklahoma
(Figure 21. The principal tributaries in Texas are Punta
de Agua and Red Deer Creeks. The northern part of the
study area is drained by tributaries of the North
Canadian River, which flows into the Canadian River in
Oklahoma. The principal tributaries that have extensive
drainage areas in Texas are Coldwater, Palo Duro.
Kiowa, and Wolf Creeks.

The altitude of the basin ranges from 4,735 feet
above mean sea level in northwestern Dallam County,
Texas, to about 2,167 feet in the valley of the Canadian
River (Hemphill County) where it enters Oklahoma.
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Figure 1.--Rlver Basins and Coastal Areas

Sharply contrasting flat plains and rolling to rugged
erosional "breaks" mark the topography of the basin.
The plains, which make up a little over half the area,
slope eastward about 10 feet per mile. Drainage is poorly
developed, and surface runoff is limited to catchment in
hundreds of depression ponds or playas dotting the
plains. Very little vegetation other than native grasses
and cultivated farm crops grows on the plains.

The remaining part of the basin, characterized by
deep ravines and canyons, is drained by the Canadian
River and its tributaries. Very little vegetation of any
sort covers this area, and it is unsuitable for cultivation.
In recent years, phreatophytes·-plants that depend upon
ground water within reach of their roots··have become
established on the canyon floors and are using
increasingly significant quantities of water.
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The climate of the Canadian River basin is
characterized by low humidity, low annual precipitation,
hot summers, and frigid winters. Average precipitation
in Texas ranges from about 15 inches per year in the
northwest to about 22 inches in the east, For the Texas
part of the basin, the annual average is about 19 inches.
Mean annual precipitation in the basin, average monthly
precipitation at three U.S. Weather Bureau stations, and
annual precipitation for the period 1931-65 at Amarillo
are shown on Figure 2.

Runoff is defined as that part of precipitation
appearing in surface streams, and is the same as
streamflow unaffected by artificial diversions or storage
(Langbein and Iseri, 1960, p. 171. The natural runoff
pattern in the Canadian River above Amarillo has been
altered by the Conchas and Ute Reservoirs in New



Mexico. From Amarillo to the Oklahoma state line, the
natural runoff pattern is further altered by Lake
Meredith near Sanford, Texas,

The average annual runoff from Palo Duro Creek
and from Canadian River near Amarillo and near
Canadian during the period 1945 to 1964 was 0,6, 0.2,
and 0.3 inch, respectively (Figure 21. Runoff of Wolf
Creek at Lipscomb, which was plotted for the period
1962 to 1964 only, was 0.3 inch per year. Annual runoff
expressed as mean discharge in cubic feet per second
(cfs) and inches per year is shown on Figure 2 for the
station at Canadian. These runoff figures, calculated for
the contributing drainage area, would be lower for the
entire basin. Springs and seeps sustain the baseflow
during the winter months, but evaporation and transpira
tion consume most and sometimes all the base flow
during the summer months. Evaporation, transpiration,
and the sandy, porous soil, which allows rapid infil
tration of water, contribute to the very low ratio of
runoff to rainfall in the Canadian River basin.

Precipitation and runoff in the Canadian River
basin are more variable than indicated by the annual and
monthly averages. The yearly mean discharge of the
Canadian River near Canadian has ranged from 34.5 cis
to 2,963 cfs, but instantaneous flows have varied much
more. Similarly, annual rainfall at Amarillo ranged from
9.94 inches in 1956 to 37.21 inches in 1941 (Figure 21,
and in 1965 the monthly totals ranged from 0.07 inch
for November to 10.73 inches for June. Precipitation so
unevenly distributed in time, especially in an area of low
rainfall and low but rapid runoff, does not sustain
streamflow. Therefore, storage is required to provide
dependable quantities of surface water for municipal
supply, industrial use, or irrigation.

Population and Municipalities

The population of the Canadian River basin in
Texas in 1960 was just slightly under 188,000, which
was about 2.6 percent of the State total (Figure 3). Only
five cities with more than 5,000 population are entirely
within the Canadian River basin. These cities are Pampa
(24,664). Borger (20,911), Dumas (8,4771, Perryton
(7,903), and Dalhart (5,1601, Amarillo, the largest city
in the area, with a population of 137,969, lies on the
divide between the Canadian and Red River basins.

Economic Development

Agriculture forms the bulk of the economic base
in the Canadian River basin. Prior to 1900, most of the
land was used for ranching and grazing, although some
dryland farming began with the coming of the railroads
in the 1880's. Modern farming equipment and the use of
ground water for irrigation increased cultivation. At
present, the basin is one of the State's leading areas in
the production of wheat and grain sorghum.

Oil was discovered in the Canadian River basin in
1921, but production remained small until great gushers
blew in at 80rger in 1926. Since that time the petroleum
industry has grown until the basin is now one of the
leading oil and gas producing areas in the State.

The industrial development has remained largely
associated with mineral production. Petroleum and
natural gas are the main resources, but helium, zinc, and
sulfur are produced in the southern part of the basin.
Other industries include the manufacturing of commer
cial fertilizers, carbon black, chemicals, and farm
impJements.
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Development of Surface-Water Resources

Runoff in the Canadian River basin averages less
than 1 inch per year. which is about 0.7 percent of the
State's total runoff (Figure 3). Thus, the quantity of
surface water available for development is considerably
less than the average for the State. and the only large
surface-water development project in the basin is Lake
Meredith, built by the U.S. Bureau of Reclamation on
the Canadian River near Sanford.

Storage of water in Lake Meredith began in
October 1964. Total capacity of this reservoir is
l,40B,000 acre·feet, and when full it will inundate parts
of Hutchinson, Moore, and Potter Counties (Figure 2).
The reservoir provides water for the Canadian River
Municipal Water Authority and is used for flood control,
recreation, and to supplement ground·water supplies of
11 cities within the Canadian, Red, Brazos, and Colo·
rado River basins. Lake Rita Blanca on Rita Blanca
Creek is the only other reservoir larger than 5,000
acre-feet in the Texas part of the basin. This 12,100
acre·foot lake, completed in 1939 and operated bV U.S.
Fish and Wildlife Service. is used for recreation only.

Surface water is expected to contribute only a
small percentage of the municipal and industrial water
supply of the basin for the next 50 years and essentially
all irrigation will depend upon ground-water supply. If
the full irrigation potential in the Canadian River basin is
to be realized, surface water from outside the basin must
be made economically available.

CHEMICAL QUALITY OF THE WATER

Chemical-Quality Records

The U.S. Geological Survey began collecting
chemical·quality data on surface waters of the Canadian
River basin in Texas in 1948, when a daily sampling
station on the Canadian River near Tascosa and a weekly
sampling station on the Canadian River near Amarillo
were established. Since 1950 the Amarillo station has
been a daily sampling site; the Tascosa station was
discontinued in 1953. During 1950 and 1951 a daily
station was operated on the Canadian River near Borger.
Miscellaneous chemical-quality data have been collected
by the Geological Survey at additional sites since 1950.

Data were collected over a wide range of water·
discharge rates in order to evaluate water quality in
relation to discharge. At low flows, concentrations of
dissolved minerals are likely to be high and areas having
pollution and salinity problems can be identified. Data
collected during medium and high flows indicate the
probable quality of the water that would be stored in
reservoirs.

·6·

The periods of record of all data collection sites
are given in Table 2 and the locations are shown on
Figure 8. The chemical-quality data for the daily stations
are summarized in Table 3 and the complete records are
published in an annual series of U.S. Geological Survey
Water-Supply Papers and in reports of the Texas Water
Development Board (see tables at end of references).
Results of all the periodic and miscellaneous analyses are
given in Table 4. This report includes data for four
locations on the Canadian River outside of Texas: At
Logan, New Mexico; at Glenrio, New Mexico; near Roll,
Oklahoma; and near Bridgeport, Oklahoma. Data for
Coldwater Creek near Hardesty, Oklahoma, are also
contained in this report.

Periodic sampling by the Texas State Department
of Health at eight sites in the Canadian River basin
provided additional data that were useful in evaluating
water-quality conditions.

Streamflow Records

Streamflow in the Canadian River basin in Texas
was first measured in 1924, when the U.S. Geological
Survey established streamflow stations on the Canadian
River near Amarillo and near Canadian. At the end of
1966, one reservoir·content station and four streamflow
stations were being operated. Discharge measurements
have also been made at other sites where samples were
collected for chemical analyses. The periods of record
for all streamflow stations in the Canadian River basin
are given in Table 2 and the locations are shown on
Figure 8.

Records of discharge, stage of streams, and con
tents and stages of lakes or reservoirs for 1924-25 and
1938·60 have been published in the annual series of U.S.
Geological Survey Water-Supply Papers (see tables at end
of references). Beginning with the 1961 water year,
streamflow records have been released by the Geological
Survey in annual reports for each state (U.S, Geological
Survey, 1961-66). Summaries of discharge records have
been published giving monthly and annual totals (U.S.
Geological Survev, 1955, 1964b; Texas Board of Water
Engineers, 19581.

Relation of Quality of Water to Use

Ouality"f-water studies usually are concerned
with determining the suitability of water for its pro
posed use. The source and significance of some of the
water.quality constituents and properties that must be
considered in evaluating a water supply are shown in
Table 1.

The suitability of water for various uses is deter·
mined largely by the kind and amount of these
constituents and properties in water. The U.S. Public



Table 1.··Source and Significance of Dissolved·Mineral Constituents and Properties of Water

CONSTITUENT
OR

PROPERTY

Iron IF.)

C41lh:'um (CII) 41lnd
m"'gneSium IM;l

Sod,um IN",1 a ..d
OOlan'u'n IKI

B,carbonille iHC031
dn(l call)0"8Ie iC031

ChlOllClI! ICIl

FluofldelFI

D,ssolved solods

Spec,flc conductance
l""clomhos ",1 25 0Cl

Hydlogen 10"
co..cenluillon IpHI

SOURce OR CAUSE

Drssolved from practlCIIUy .11
rocks .nd wils, commonly len
than 30 ppm. High conc.nua
tlons. o1lS much as 100 ppm, gen.r
ally occur In highly .Ik.lm.
walers

D,ssolved Irom practiclilly all
locks lind 10,15 May also be
dellved Irom i,on pipft. pumps.
",nd Olher equipment More lhan
I 01 2 ppm 01 iron in surfac.
wallrs g..... ,.lly Ind,calll .dd
wutes Irom min. drlllnage or
olher sources

Dlnolved Irom pract,c.lly all soils
ar'ld ,ocks but espec,ally tram
11meSlone. dolomite. and gypsum
Calc'um lind magnesium .,e
lound ,n latge Quantllles ,n some
b'lnlS Magnillum 01 pr.Slnt In
la'ge Quantrl,es ,n sea watel

Dluolved Irom pracl'Cllllv .11
rocks ar'ld sotls Found 11110 ,n
anc'enl btlr'les SPI Wltle,. ,ndus
tr,al bflnes dnd sewage

ACI'On 01 carbon droJllde ,n wit leI
On Citrbonlllle locks such lOS lIme
1I0ne and dolomlle

DIssolved Itom rocks and sOlh
COnldln,nll gYPsum, 11011 sull,des,
lind olher suilul compounds
Common IV presllnl In mlno walers
and ,n wme Ifldustrlal wauas

D,ssolved Irom .ocks and SOIls
Present III ulwagll lind lound In
large amOunl5 In anClenl btln.s.
se8 wate', and ",duslr'al b.,ne,

D,ssolved In smaU 10 mlnulOl
QuanlllllS horn mOH racks "nd
so.ls Added 10 many waters bv
'IUO.,(l8100n 01 mUnlc,pal SUP
pi,es

DecaVlng OlgllllC malleI s.wave,
'en.h,ers and IlllraillS m so,1

Chlellv m,nelal conUltuenl\ dll
solved Irom rocks and sOrll
Indudfl sam. wale' 01 .... rvsl.llt
lal,on

tn mall "'''Iers nlitllv 1111 Ihe
haldr'less 01 due 10 calc'um itnd
m.gne"um All Ihe meillthc
cIH,ons Olher Ih.n thll .Iklll,
m'Hall also ClOuse hlOrdneoss

ACIds. aCId genelollll,g ulh. and
Iree carbon d,o.,de lowi' thl OH
C,,,bOnitleS. b,carbonales. hvdroJl
,des. and pho,phltn. "I.caln
and borates 'lI"e the pH

SIGNIFICANCE

Fo.ms herd seale In pipes and boilers Cllrried over in steam 01
high Pressure boilers 10 lorm deposih on blades of IVlblnft.
Inhib,U deterioration 01 ziolne tvpe witter softeners.

On exposure 10 alP. oron i" ground waler o.,dizu IP reddish
brown precloilate MOil Ihan itbout 0 3 ppm naJnsleundrv and
utenSils reddIsh brown Oblectlonable lor lood processing. lex
tIle prOCelll"9. beverages. 'ce m",nufactule, b,,,,,,,on9. lind other
p,ocesses U.S PUblic Health ServICe (1962) dllnking Waler
standards "ale Ihal ItOn should not IlIc"d 0.3 ppm. Larger
Quanl'I,es cause UnOlealll"l talle and l,vOr g.owth 01 iron
bacte"a

Cause mOSI 01 Ine ha.dneu lind selile lormong propen,es 01
waler SO,llP consum,ng hee h,lItdneul. W,lliell low m calcium and
magnellum des"ed rn ellclfoplat,ng titnnlno dvelng. and in
le"I.le manulacturing

Large amounll. In comblnat,on .... ,Ih chlollde. gIve a sallv lal1e
Moderate Quantll,es have Iol1le efteci on Ihe usefulnfls of water
tor mall purposes Sod,um S... tIS may cause 'oam,ng In steam
boders and a hIgh conlent may Ilmil the use of wallf IQr
II.,gaIIOn

Bu:a'bonale and CMbon,'te produce alkothn,ly B'carbonates of
calCIum ""d magnellu.n decompose ,11 stea"' bOIlers and hOI
walet lac.hl,eslo 'a'", ~lIIle <lind .elease cOlros,ve carbon dlo.'de
gas In comb'r'lat,on ""lIh ('alctum "nd magneSlur". cause carbon
ille ha.dness

Sullate 1M wale. conlammg calc,um lorms hald sc"le ,n Ileam
bOilers In large amOunu. sul'dte ", comb,nallon Wllh Olher Ions
g,v" b"ter t.llle to ", .. 1140 Some calcIum sullate '5 cons,dered
benet,c,al In Ihe breWIng process US Public Healt" Service
119ti21 d"nlcong water Itandard, recommend Ihal the sullate
conlenl shOult! no, eJlceed 250 Ollm

In lalge amounts m Co.Oblflllllon w'th sodIum, gIves saltv laSle 10
drlnk,ng water In tar91l QUlOnlllle~, Increases the corrOSlveneU 01
W;tter US Pub"c Heatth ServICe 11962) dllnkrng water Itan
da,ds recommend Ihllr till! cl,lo',de conlllnt should nOt eJlceed
250 ppm

FlUOride In d"nklnlJ wall1' reduces the Inc.dllnce of 100lh decay
when the w;uer " consumed dUring the pellod of enamel
c,lllcof,cal,on Howeve" 'I mdV cause mOl1l1ng 01 Ihe leeth.
dependmg on thl' concentratIon O' Iluollde, Ihe <lge a' Ihe ChIld,
amount o. dnnklflO watl'l consumed <lnd susceptlbllllY 01 Ihe
,nd'vldu.1 1""',l,er 10501

Concenltilllon murh grealer than Ihe local average rna" s"ggest
pollution US Publ,c Heallh Senllce 119621 d""lclflg waler
standardS sugge51 a limit 01 4S ppm Wilters pI hIgh n,lrilte
conllnl hitvc been reponed 10 be thlll cause 01 .nclhemoglo
blnem,., Ian oft.n fMal dISease," ,nlanal and Ihercfore shOuld
not be used ,n Inl"nt leld,ng NHrale has bien Shown 10 be
helplul Ifl redUCing .nter crystathnl' craclung 01 bo'le' sleel II
encourages g.owlh of algae and Other organllms whICh prOduce
undeslfabl, titSleS "nd odors

US Pubhr Health Serv,ce 119621 dllnklng willel standards
recommend Ihal witlers conlaln'''9 mo,e Ihan 500 ppm drssolved
'01 Ids nOI be u'<ed ,I olher leu mrr'leralo~ed supplIes olre ilYaliable
Wllters conli1lnlng more th.1n 1,000 ppm dISsolved sol.ds .Ire
unsuHitble lor milnv PUIOOseS

Con..umes soap belorl" a lalhe. will form Oepo..l15 SO,10 cu.d on
balhtuDs H"rd ",ate. forrns scale ,n bOIler .. water heate,s. and
p,oes Hardneu eQu,v,IIenl 10 Ihe b.ca.bonale dnd c,ubonall' IS
ciflled c.rbon;"e hardneu Anv hardness ,n eJlcen 01 Ih,s II
cillied non ("arbonale h"'Htnen Wal"" of hardneu as much itS 60
opm a,e cons,de'ed soIl 61 '20 ppm, moderalelv hard, 121 1 BO
ppm h ....d. mo'e ft,,,n 180 ppm, very hard

Indocales deg.ee 01 ""nelal,zal,on Spec,l" COllOuClillK. II a
measure 01 Ihe capill,lv 01 the Wdtel 10 conducl an eleClllC
current Valles WIth concentPil1,on and degree of ,on,zat,on 01
the con5l,Il,enn

A pH 01 70 ,n(llcales n~utr.tI'tv 01 " ..olullon Valucs h,gher Ih,1l'
70 denOle ,nc,e".. ,ng ,.IItdl""IV v"'ue~ lowc' "'I'In 7 0 ",dICale
Increa"ng acid,ty pH,s a rneiUU'C ot thf" "tllv,IV 01 tne
hydrogen IOnS CorrOSIveness 01 waler !Jene,ally ,ncreaSt'S "",Ih
dec,easlng pH Ho,""'ver tl"cf's"velv alkal,"1' wotters ",,'V also
allaClt melals

7 -



Health Service drinking water standards (U.S. Public
Health Service, 1962) are usually accepted as recom·
mended limits for evaluating waters for domestic and
municipal uses. The recommended limits for selected
constituents are listed in the following table.

dissolved-solids concentrations, especially if chlorides are
high. Lake Meredith water will probably be very hard
(above 180 ppm) and may require treatment for some
industrial needs. The scale-producing hardness, however,
may reduce or negate corrosion problems.

MAXIMUM
CONCENTRATION

(PPMI
CONSTITUENT

Sulfate

Chloride

Nitrate

Fluoride

Dissolved solids

•

250

250

45

1.0

500

There are no immediate plans to use surface water
for irrigation in the Canadian basin. Only lawn and
garden watering from Lake Meredith municipal supplies
can be expected. On the basis of the system for
classifying irrigation waters of the U.S. Salinity Labora
tory Staff (1954, p. 81), Lake Meredith water should
have a low sodium hazard, but the salinity hazard may
be high, requiring special management and plant selec
tion for lawns and gardens.

Factors Affecting Chemical Quality of Water
a Based on temperature records for Amarillo

ThesE' limits should not be exceeded when water of
bette" quality can be made available. However, many
people use water which exceeds one or more of these
limits without discernible ill effects Two analyses from
Lake Meredith show the water stored there exceeded the
,eromlT:ended dissolved·solids limit (Table 41. The
dissolved-solids concentration in Lake Meredith
incrp..itsed from 621 ppm (parts per million) in November
196, to 706 ppm in April 1966 Concentrations of all
chemIcal constituents except .. ilica , fluoride, and nitrate
increased ouring this period The lake was still in process
of beIng filled, and the weighted-average analysis for
Canetdian R,,,er near Amarillo may be a better indication
of the eventual Quality of the water thdt will be stored.

These two analyses, together with the chemical
quality rE'~rd obtained at the daily statton Canadian
Ai'Jer near Arnar!1I0, indicate that the dissolved-solids
concentration In the reservoir probably will always
exceed the recommended limit of SOD ppm established
by the U.S. Public Health S...vice. During extended dry
periods, evapora!ion may r.ause the dissolved solids to
approach 1,000 ppm. Water of t,",is concentration can
still bp used fat public supoly where bener water is not
available

Althouqh most small streams in the basin c.antain
water., of good Quality, the main stem af the Canadian
River usually exceeds the limits for dissolved solids and
fluoride, and hIgh nitrate concentrattor's are sometimes
found in reaches downstream from sewage plant ourtalls.

The auallty requirements vary greatly for most
industrial applications. One requirement of most indus
tries is that ooncentrations of constituents in the supply
remaIn relatively constant. Hardness and corrosive char·
acteristlcs are also important to industry. Excessive
hardness I'; obJertionable because it forms scale in pipes,
boilers, and other eouipment where water is heated or
evaporated eorTosion is usually associated with high

·8·

The chemical Quality of surface water depends on
a number of tactors, most Important of which are
geology, patterns and characteristics ot streamflow, and
the activities of man.

Geology

The amounts a.,d kindS of minerals dissolved in
water that drains from ereas Nhere municipal and
industrial influences a(f~ limCJII dep~nd principally on the
chemical compesitior: and physical strUcTure of the
rocks and soils traversed by the warer.

The rocks in the Canadiar. RlVer baSin range in age
from Late Permian to Holocene fF;gt...rp. 4}. The Ogallala
Formation of Trrtlary age overlies rocks of Cretaceous,
Jurassic, Triassic, and Permian age and '" at the surface
throughout the plains area of the bac;in and in a major
part of the "breaks" area. The older rocks of Triassic
and Permian age are expos!'d largely in the 'breaks" area
along and near the canyon of the Canadian River. Small
areas of Permian rocks are also expo ed in Hemphill and
Hansford Counties. Cretaceous and Jurassic: rocks crop
out in a few small areas near the northwest corner of the
basin, and alluvial sedimenb. of Quaternary age are
exposed along the canyon floors of the Canadain River,
Wolf Creek, and Coldwater Creek Windblown deposits
in the form of sand dunec; mantle an area in northern
Hemphill County.

Low flow of most of the tributaries of the
Canadian and North Canadian Rivero; is sustained by
seeps and springs issuing prinCIpally from the Ogallala
Formation and to a lesser degree from the Dockum
Group of Triassic age. Streams that drain from the
Ogallala Formation, which consists of light colored
gravel, sand, silt, clay, and white limy material called
"caliche," and from the Dockum Group, which consists
of sandstone and red shale. contain a mixed (calcium,
magnesium, sodium, bicarbonate) type of water.
Dissolved solids contents of these waters are low.



The patterns and characteristics of streamflow
generally affect the chemical quality of water in streams.
In most streams where the flow is not regulated by
upstream reservoirs, the ooncentrations of dissolved
mineral constituents vary inversely with the flow of the
stream. The base flow, or low sustained flow, of a stream
is predominantly water that has entered the stream as
ground-water effluent. Usually this water has been in
contact with rocks and soils for a sufficient time to
dissolve part of their soluble minerals. At high stages
most of the flow of a stream consists of surface runoff.
This water has been in contact with the exposed rocks
and soils for only a short time. Therefore, the dissolved·
solids concentration of a stream is usually lowest during
periods of high flow.

The Canadian River basin has two very different
drainage patterns. In the plains area, where there is no
well-developed drainage, surface runoff collects in hun
dreds of depression ponds or playas. Almost all the
water evaporates, but some infiltrates into the soil and
reaches the water table to become ground water. This
ground water may be pumped from wells or may
reappear as seeps and springs along the streams or
drainageways that have cut through the water table.

dissolved-solids content is greatly ina-eased and the
water has higher equivalent amounts of sodium, chlo
ride, and sulfate than of other ronstituents.

Streamflow

In the "breaks" area, tributary streams have
dissected the Ogallala Formation to form deep and
narrow canyons. The slope of most of the tributaries to
the Canadian River and North Canadian River is usually
very steep and surface runoff is quite rapid. Streamflow
is characterized by very short periods of high to
extremely high flow followed by long periods of very
little or no flow. Therefore, water from most of the
tributary streams is usually of very good quality. The
water is of the calcium bicarbonate type and the
dissolved·solids concentration is usually less than 250
ppm, as typified by Palo Ouro Creek in Figure 5.
However, some creeks may have much higher dissolved
solids concentrations.
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The Canadian River in Texas traverses rocks of the
Dockum Group, rocks of Permian age, and Holocene
alluvial deposits. The Permian rocks, which consist of
halite (salt). gypsum, anhydrite, red shale, sandstone,
and some limestone, yield water containing high equiva·
lent amounts of sodium, calcium, chloride, and sulfate.
The small amount of fresh water that is released by the
Permian rocks is probably water that has moved from
the Cretaceous beds or from the Ogallala Formation.

,. f----------

Chemical analyses of water from the Canadian
River and one typical analysis of water from Palo Duro
Creek, which drains rocks of the Ogallala Formation, are
shown graphically in Figure 5. The total height of each
vertical bar is equivalent to the total concentration of
anions (negatively charged constituentsl or cations
(positively charged constituents) expressed in epm
(equivalents per million). The bars are divided into
segments to show concentration of the individual can·
stituents. The water in the Canadian River is usually of a
mixed type containing higher equivalent amounts of
calcium, magnesium, sodium, bicarbonate, sulfate, and
chloride than are found in tributary streams.

Figure 5 .••Compsrlson of Dissolved Constituents In Water
From Palo Duro Creek and the Canadian River

During extreme low flow, most of the surface
water derived from the Ogallala Formation and Dockum
Group is consumed by evapotranspiration. Flow in the
Canadian river is then probably sustained almost entirely
by water from the Permian rocks. At such times,

East Amarillo Creek usually contains dissolved
solids in excess of 500 ppm. Single analyses for Punta de
Agua, Dixon, and Elk Creeks indicate that during
periods of low flow, dissolved solids in these streams
would probably exceed 500 ppm. Sodium, sulfate, and
chloride are the predominant constituents in these
streams and the quality of water is probably degraded by
activities of man. In polluted reaches, the water may be
of any type, depending on the pollutant introduced into
the creek.

- 10-



The Canadian River derives most of its total flow
from surface runoff. The basin is subject to thunder
storms of high intensity and short duration. Streamflow
in the Canadian correspondingly varies abruptly with
this rainfall pattern, and a corresponding abrupt change
in the quality of the water usually occurs. During
extreme low flow, when the river is sustained almost
entirely by ground water, the water is highly miner
alized.

Activities of Man

The activities of man have a significant effect on
the chemical quality of surface water in the basin.
Oil-field brine, municipal and industrial wastes, and to a
small extent, return flows from irrigation increase the
concentration of dissolved solids in streams. Evaporation
from reservoirs also increases the dissolved-solids concen·
tration. On the other hand, storage of dilute flood water
in reservoirs and subsequent release of the stored water
during low-flow periods will improve the water quality
downstream.

Flow in the Canadian River as it enters Texas from
New Mexico is largely regulated by the Conchas and Ute
Reservoirs in New Mexico. Thus, the quality of water in
the Canadian River in Texas is partially determined by
the quantity and quality of the water released from
these two reservoirs. Lake Meredith near Sanford, Texas,
affects the quality of water in the Canadian River below
the lake.

Oil and gas are produced over almost the eotire
area of the Canadian River basin (Figure 61. The heaviest
concentration of oil production is in HutChinson,
Ochiltree, Carson, Hansford, Lipscomb, and Roberts
Counties. Smaller oil production areas are in Moore,
Hemphill, Hartley, and Sherman Counties. Brine, which
is produced in nearly all oil fields, may, if improperly
handled, eventually reach the streams. The principal
chemical constituents in oil·field brines are chloride,
sodium. calcium, and sulfate. Some oil-field-brine poilu·
tion is probably occurring in some of the tributaries to
the Canadian River and in the Canadian River down·
stream from Amarillo.

Municipal and industrial wastes have a pronounced
effect on the quality of water in surface streams in the
Canadian River basin. Flow in East Amarillo Creek
consists almost entirely of sewage effluent from the city
of Amarillo, and low flow in the Canadian River
downstream from East Amarillo Creek is maintained
entirely or in part by this sewage effluent. During high
flow, this waste discharge has little effect on water
quality, but during extended low flow periods, water
stored in the upstream part of Lake Meredith may be
degraded in quality. Other municipalities and many
industrial areas throughout the Canadian River basin
probably contribute to the deterioration of water
quality.

. 11 .

Ground water is used extensively throughout the
plains area for irrigation. However, probably very little
return flow is contributed to the streams in the Canadian
River basin. and very little, if any. alteration of chemical
quality of surface streams can be attributed to irrigation.

Geographic Variations in Water Quality

Maps showing geographic variations of dissolved
solids, hardness, and chloride have been prepared using
the discharge-weighted average concentrations (Figure
9). The discharge-weighted average approximates the
chemical character of the water that would be found if
all the water passing a given location during a period
were impounded and thoroughly mixed in a reservoir.
No adjustments for evaporation, rainfall, or chemical
change that might occur in storage are made. For many
of the streams, chemical-quality data are limited, espe
cially for flood flows; therefore, the information on the
maps is generalized. All the streams will at times have
concentrations exceeding those shown.

Dissolved Solids

The Canadian River generally contains water with
dissolved solids above SOO ppm. In crossing the Pan
handle, the Canadian traverses areas of Permian rocks
that probably have a degrading effect on the quality of
the water because a progressive increase in dissolved
solids is noted downstream. Part of this degradation of
water quality may also be attributed to oil·field and
municipal pollution.

The dissolved-solids duration curve for the
Canadian River near Amarillo (Figure 7) shows that the
dissolved solids equaled or exceeded 900 ppm 50
percent of the time. The weighted-average dissolved
solids for 1951-65 was 651 ppm.

Waters in most of the tributaries of the Canadain
River contain dissolved-solids concentrations less than
250 ppm. Streams that drain the outcrop areas of the
Ogallala Formation and Dockum Group generally con
tain waters with concentrations less than 250 ppm
dissolved solids (Figure 9). Some tributaries draining the
Ogallala. Dockum, and Upper Permian rocks contain
water with dissolved-solids concentrations of 250 to SOO
ppm or more at times_

Hardness

The water of the Canadian River entering Texas is
very hard (more than 180 ppm) and it maintains this
hardness as it passes through the State. The weighted·
average hardness for the Canadian River at Amarillo
from 1951 to 1965 was 199 ppm.
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Water of tributaries to the Canadian River is
moderately hard (61·120 ppm). hard (121·180 ppm). or
very hard. Almost all streams draining the Ogallala
Formation and Dockum Group contain hard water,
whereas streams draining the Upper Permian rocks
usually contain very hard water. Some tributaries drain
areas where all three of these rock units crop out, and
the water in these areas may be hard or very hard,
depending on the amount of streamflow.

Chloride

As shown on Figure 9, the water of the mainstem
of the river exceeds 100 ppm chloride as it crosses the
State. The weighted-average chloride at the Amarillo
station for 1951·65 was 140 ppm.

The tributaries of the Canadian River that drain
areas of Ogallala and Dockum rocks, about one·half of
the total, have a chloride concentration of less than 25
ppm (Figure 9). The remaining half of the tributaries
contain water with chloride concentrations less than 100
ppm, except Dixon Creek near Borger and Elk Creek
near Canadian. Dixon Q-eek, which drains a rather
extensive area of Permian rocks and which lies entirely
within a concentrated oil-field area, contained 558 ppm
chloride on April 29, 1966. In addition, the creek is used
by the city of Phillips for disposal of sewage effluent.

. 13·

Elk Creek usually contains waters having a chloride
concentration of less than 150 ppm.

Other Constituents

Other important constituents in evaluating the
chemical quality of water include silica, sodium, bicar·
bonate, sulfate, fluoride, and nitrate.

Almost all the streams in the Canadian River basin
contain from 15 to 30 ppm silica. The weighted-average
silica concentration of the Canadian River near Amarillo
for the period 1951-65 was 24 ppm. Kiowa, Dixon, and
East Amarillo Creeks usually contain more than 30 ppm
silica.

Sodium concentrations are generally less than 50
ppm in tributary streams in the Canadian River basin. Of
the streams containing more than 50 ppm sodium,
almost everyone is polluted by se'v\lage or oil-field brine.
The weighted-average sodium concentration of the
Canadian River near Amarillo for the period 1951·65
was 152 ppm.

Bicarbonate, with concentrations often greater
than 200 ppm, is generally the principal anion in all
unpolluted streams in the Canadian River basin. The
weighted-average bicarbonate concentration for the
Amarillo station from 1951 to 1965 was 205 ppm.



Sulfate concentrations of mainstem water is
usually much greater than in tributaries. The 1951-65
weighted-average sulfate concentration at the Amarillo
station was 149 ppm. Sulfate concentrations are usually
less than 30 ppm throughout the basin, except for
polluted streams and streams having extensive drainage
areas of Permian rocks.

Fluoride concentrations range from about 0.5 to
2.4 ppm in streams throughout the basin. The weighted·
average fluoride concentration for the Canadian River
near Amarillo is 1.1 ppm.

Nitrate concentrations are usually less than 3.0
ppm in tributary streams and in the mainstem, except
near Amarillo where concentrations frequently are near
50 ppm. East Amarillo Creek, which receives municipal
waste from the city of Amarillo, flows into the Canadian
River 1.4 miles upstream from the Amarillo station. This
creek, with nitrate concentrations often near 100 ppm,
contributed significantly to the 8.8 ppm weighted
average nitrate concentration (1951·651 at the Amarillo
station.

PROBLEMS NEEDING ADDITIONAL
INVESTIGATION

This reconnaissance of the chemical quality of
surface water in the Canadian River basin has shown that
the basin has some definite water·quality problems.
Although the tributaries of the Canadian River generally
contain water of good quality, there are indications of
occasional or continued pollution of a number of these
streams. The quantity of water in the streams containing
good·quality water is 50 small that major surface·water
projects are limited to the Canadian River.

- 14-

Oil is produced in many sections of the Canadian
River basin and brine is produced in nearly all oil fields.
In 1961 about 63 percent of the brine was disposed of
by means of open surface pits and about 37 percent was
injected into wells (Texas Water Commission and Texas
Water Pollution Control Board, 1963). The efforts of the
Railroad Commission of Texas have reduced the use of
surface pits for brine disposal, and no-pit orders are now
in effect for most counties in the Canadian River basin.
Waterflooding in oil fields, injection of oil·field brines,
and other brine disposal should be watched carefully to
ensure that brine does not enter fresh ground-water
supplies or surface streams.

With the completion of Lake Meredith, the rate of
municipal and industrial growth will undoubtedly
increase, especially in the vicinity of the lake. This
growth will increase the waste·disposal burdens of the
stream systems and will require continuous effort by
water-pollution control agencies to keep degradation of
water quality to a minimum.

The Quality of the lake water may be improved or
degraded by impoundment. Beneficial effects include
reduction of turbidity, silica, color, and coliform bac
teria; stablization of sharp variations in chemical quality;
entrapment of sediment; and reduction in temperature.
Detrimental effects of impoundment include increased
growth of algae, reduction of dissolved oxygen, and
increases in the concentration of dissolved solids and
hardness as a result of evaporation. Further study is
needed to determine the significance of these changes in
water Quality and their relation to the intended uses of
the water.
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Ouality-of-water records for the Canadian River basin
are published in the following U.S. Geological Survey
Water·Supply Papers and Texas Water Development
Board reports (including reports formerly published by
the Texas Water Commission and Texas Board of Water
Engineers) :

U.S.G.S.
WATER WATER-SUPPLY T.W.D.S.
YEAR PAPER NO. REPORT NO.

1948 1133 ·1948

1949 1163 ·1949

1950 1188 ·1950

1951 1199 ·1951

1952 1252 '1952

1953 1292 '1953

1954 1352 '1954

1955 1402 '1955

1956 1452 Bull 5905

1957 1522 Bull 5915

1958 1573 Bull. 6104

1959 1644 Bull. 6205

1960 a 1744 Bull. 6215

1961 a 1884 Bull. 6304

1962 1944 Bull 6501

1963 1950 Rept 7

1964

1965

• "ChemiCill CompositIOn of Texils Surface Waters" was
desIgnated only by water year prior 10 1956

8 In preparation
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The following U.S. Geological Survey Water-Supply
Papers contain results of stream measurements in the
Canadain River basin, Texas, 1924-25 and 1938-60:

YEAR WA TE R-5UPPL y
PAPER NO.

1924 587

1925 607

1938 857

1939 877

1940 897

1941 927

1942 957

1943 977

1944 1007

1945 1037

1946 1057

1947 1087

1948 1117

1949 1147

1950 1177

1951 1211

1952 1241

1953 1281

1954 1341

1955 1391

1956 1441

1957 1511

1958 1561

1959 1631

1960 1711
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(Analys('., Ilsl('d a,.. ma\lmum and mlilimum '''''n'' la"',..III<,u "n ltl(' ha ..,IS uJ lht' valu,'", It'l' d\!;",,,IV<'(l ,.;olld'" ani,'.
,· .• Iu,'~ "I utll"I' ,·un,..tI IUl'l\l'" mal 11"1 h,' .'(I,·pml'''' HI'~uIIS In pal·ls pl"'" million ('X"l'pl a..; Illl!lC:al"lll

IUuol.ed, solids Hardneaa SpecU'e
,

as CaCO. SC- con-81-
dlum duct-Mag- Pe- Car- Fluo NI- PhoS_

Cal- Nan- ad- anee pB
Cal- car-

SuUate Cb.lortde
pha I Parts Tona

~""')-

Date Mean
~UIC' rie- Sodium w- ben-

"de tr... Tona dum,
~~cro-

tren
c'um ben-

(SO.) (CI)
c"'-

of diecbarge
(Fe) .'um (Na) slum ...

(PI (NO,) (PO"I PC'
pe,

PC' Mag- t10n co"
(510.1 (Ca) ... _-collection (els)

(Mol (K) (8CO,) (CO,)
million acre-

day ne- ... ....... 2S·C)(00'
.'um

I. CANADIA~ RIVER AT LOGAN, ~EW MEXICO

Jul\ 1957 10 SI'pl 1957

11a\IMuM. Sl'pi 21_27.1957
QI"IMum. Au~ ~---- _

h,ll"I' l'c':!I' 195M

1\;l\lInuM. Ap, 9-10. 1958_
\\ll1lmU"l, Jul. 6 _

'," I:.:hl," :1\\·'·011-:"---------

1.0
952

I 5
1140
261

"1·1

1·1
13
15

2<6
35

167

'"55

"6.2

HI
, 6

15

1
lH(H!

51

1550
27
85

3H
197

37g
3.31 ltH,.9

522
3H

711
21

1'16

30-10
16

2190
17
60

0.7

0.1

.1

.5

59liO
2,<,7

'1911)
221
HO

It 1.1
.15

6 6H
30
64

16
661

ICL9

'71
331

lOOO I 716 1'6
113 0 2.

7741464 1
24

136 0 1.0
ICl8 44 2.6

980017.8
385 7 7

7Q801 7.9
:172 fI 1
742

~330 111.3
328 15

'
97 1540 I" !136MI7.,126 I) 2.6 ."IJtJ 7,6

7701'78 I"t31 0 ... 3
170 0 3 8

'\,11, I 1",11' 1959
'.i.l,(I~Ul"l. \1a., 23_25 1959
\llllllnum. ~Ul-: 21_25 _
.I. 11:11,~,,1 ,II·!'.-a~l'---------

;\.11 ,'1" ~ ,';11 1960

11,,_'(unuM ..\pl· 21_25. 1960
:lllIunlim. Jut} 2 ..';-9 _
..... lL;I'1.'d :lV~·I·:tt.:<· _

iD \1""1' ','OIl' 1961

11:t\lInum \u, 2~. 1960---
~1 .. I~"~ 0, I 17_1~ _

".'" I \, ,II" 1962

I 0
2~~O

6' .

I 0
5186

190

27 0
1640

"17
20

J2
21
2n

"17

192
21
39

115
411

"
?19
J5

129
5 •

13..
7.5

12

.5
9

2290
53

121

1390
60

lH

21:130

""

I3H
159
200

356
221
232

I::.';

'"

H55

"I2J

802
50

112

li"lH
H

321W,.
90

1900
21
HI

1:>70
30

4
.9

9
.4
.2

, 0
.1

6980
242
505

454fl
311
502

9 19
JJ
69

6.17

.".6'

18.8
18f10

92 9

12.3
1350
258

607
II TO

10TO 1651
B4 0

151 0

31
'.5
4.3

111001 7 9
3'H 7,A

'0'

71001 7.8
503 7.8
'13

'.1.1 \ I'TIU,"
\1111lmum.
II, Ij.;hll·d

Jul\ 21-2~ 19li2
,lUll" 20_27 _
:J v(' 1':1 1;<'__ ~ -- ----

2.'
327

67
"17
16

"'"61

62,
"

3
76'

17
171

316
172
2.11

510
J7

113

11110

"137

.2

.2
9

267fl
277
175

3 153
3R

'0 2
215
110

."150
1:\5
215

'01
o

71

14
I.,
1.6

1511)
'165

1230

7.7
7.7
7 9

5, CANADIAN RTVER ~EAR T~SCOSA, TEXAS

22 ;) ~ II
q l:l' 26

h501 lij

:U:li'l I o.HI' H5.n -- 2
Ill') -- :1,3

lun ... 1911:1 I') St·PI. 19 HI

\la:<i,u'TI. 5, pi 17.19_20. 1941:l _

\1, 11 I'~um ..Jul I Ii 1:1_ 1 I.20 22 _

lI,dt'I' , ...al 19,19

\laXlmum. t·"b 15-11s
2Q. 1919-------- _

Qlllimum. \ov.21-3D, 1918-
1I'I:,:htl·(\ ,.11(-'1·,.:,:1' _

\\.11," ~,..a,· 1950

Il:txlmum. Ap.·. 19_21. 195u
\lllllmUm, JUI1t' 22--------
\" II-:htl"'t: avC"':Il:,·---------

"., ''''In''l''~ .,t, IIlI "J l"hit-,

6

29'1

23 3
1739
1l52:1

IH

17

15

"19

"
50

7,
·Hi
15

97
IH
:19

52

21)

16
17
21

.-,1
6 Ii

16

251

III

;.150
I;;

130

:IH'I

"131i

192

117

213
231
20')

230
171
1."16

169

20.1

3H1
17

Ili:l

52')
00

l:iO

210

'5

:I~A

16
'01

:1.2

2 2

""1 ' •.- 1.2
.7 2 7

1220

570

13F10
215
,,<i<1

IS'W
2'N
562

.66

.7<

.RR
3:1

"
, 15

.40

.76

20

146

,.,
6.5

HI'

<n
3760

794

III I 284

207 I ~6

3"1 181
lF1~ 0
lqq 1l'l

Ui'!I 276
72 0

161 II

ltJ20

130

13:tfl
'07
'lqn

2.520' 7 q
106 Ii 2
.. 9
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r:ltll, ) __ Summa I', 01 ,'h"ml";11 "n:ll~'",.,s al "all\, "-lall"l11< nn .. 1 ... ·:lm1< III 'h. C:'Il.UIl:lll Riw·t' IJ,,,,n._C""IIIlU{'d

(Anal}"es Iisled as maXimUm ,llId mllilmum """,. t·la"''''III,·d 011 Ih,' hasls 01 Ihr 'calurs If.,' dis~"I\'('d ~t)llds olll}',
Valu("", U! olh,-'\' .-UII",IIIU\'I1'''' m:n '1111 h. t':'<II'('m'~l-, RC'",ull'" In pa"ls PC'I' million "X""'pl :I'" Ind,"alcd)

O1uoI"ed solids Rardness Speclf1
,

aa CaCO, So- con-81-
dJum duet·

M..- Po- Car- Fluo NI- hul'_
Cal-

Non- "'- ance p8

Cal- ,ar-
bon- SuUate Chloride

TOM

~"'-

Oa.. Mean
U~~ Iron ne- Sodium ....- bon- ride Ira" pha't Part. Tons ctwn, .ar- mlcro-

of diBcbarge
(Fe) dum

alum (Na) slum a" (SO.) (CIl (P) (NOJ (PO.> pe, pe, M..- lion
~_at

collection (ds) (SIQ,I (Ca)
(K) a" (COJ pe,

acre- bon-
ntlD

(Mg) (HCOJ million day ne- 25·C)1001 .Ium at.

7 CASADIAS R I \'ER .. r.AR AMAR tLLO, TEXAS__ COll II lIu('d

~

11,.1('1 \ ("a " 1957

\la'<lmum, Mar, 21. 1957___ 37 37 260 7. 071 1711 ••• 91S 2.0 , -- JIJO() I 08 3f)fl 914 '34 '.3 <1191l 8.2
111 II ImUl!l , S,-'pl 21_30_____ 13.0 30 .., 9 3 27 21. 16 12 ., 2.5 - - 252 .:n 8.~ 156 0 1.0 100 8.'
h,'ll-:hl('d aVt"'a~('_________ 313 19 '16 17 14' 200 130 141 1.3 5.0 -- 6" .OJ '" 1" 21 <.7 IIlIO --

h,II,'1' I('ar 1958

\la:nmum. Jan,21-23. 1958- 350 20 125 4J ·156 259 '132 510 1.0 14 -- 1790 2. 13 16. ". 276 • 0 2880 s,:!
\lllllm"m, OCI I_II. 1957- 10 8 27 50 II -'0 222 " 29 .8 3 0 -- 302 .11 B,IlI 170 0 1.3 4117 8.0
h, 1,,11,,-'(1 a\·'-"·:ll-:('--------- 6" " ·15 15 116 "6 125 .6 .8 <.7 -- 527 .72 '01 114 22 3 , 838 --

h:llo'l' 1(':11' 1959

\1.'ll.lmum. Apr 1i-9, 1951)-- 33,5 37 I" 57 <66 202 63·1 610 1.3 33 -- 2130 2.90 ,.3 70< 538 7.6 3270 8.2
\1111lmum. Au!o: 23_31 ______ 2332 15 30 10 .7 16. 91 65 .7 2.5 -- 39< .5< 2480 116 0 3.9 637 7.8
\\I'it.:hl('d a\'(>I·:lIo:"--------- 188 2< ·16 I' 153 215 1<3 13< 1.1 II -- 6<9 ." 32. 193 11 '.8 1040 --

',\:111'1' \.'ar 1960

\I:lXlmUm, \1:11' 25. 1960--- 3<0 -- -- -- -- 115 -- 6<0 -- -- -- 2210 3.01 2030 685 5'12 -- 3370 7.'\tl11lmum, JUll(' Ii_I -1 _______ 3070 52 27 '.1 .0 17..J 6. 60 .6 1.2 -- ,.5 .5< 3270 105 0 3.8 600 7.1
.Il I~hl('u :I\'("·alo:"-.-.----- 564 21 37 .3 137 1.6 121 112 .7 7.3 -- 5<, .15 83< .<6 0 <.• 891 --

\I.II~'I' 1(':'11' 1961

\1.1\lmUm, Jan 21_:11 1961 H.I 24 122 •• '02 3D' 4<2 <60 I 0 20 -- 1671l 2,27 199 506 2~3 7.8 2660 6.9
\ll11Il'IIUm, Au~ 19--------- 1500 -- -- -- 110 166 57 31 6 3.0 -- 317 .13 1280 62 0 6.1 <73 7.RI'. II-::,I('(J :I\"'I':ll:('--------- 257 11 57 22 180 206 221 153 .8 7.5 - - 176 1. 06 601 232 6< 5.1 1240 --

hall'j leal' 1962

\1:lxlmum, Jan 11-21, 1962 50,9 .. 146 .. 3" 280 "K6 <60 1.4 21 -- 1140 2.37 23. 562 332 7.1 2750 7.'
\1 llll mum , Jul}' 23_26______ 390 -- -- -- -- 116 67 51 -- -- -- 352 .18 311 87 0 -- 581 7.9
IIt'\l.:hll'U a\'(o":lIo:('--------- 162 21 56 22 202 214 21' 183 .. • 2 -- 820 I 12 35• 230 6< 5 9 1340 7.1

ha 1\',' )1':11' 1963

11:1ximum, \lal' 1_13, 1963_ 23.7 <0 110 45 363 253 372 ,,. 1.7 56 -- 1540 2.09 98,5 460 '52 7.< 2430 7.1
\!Illlfllum, Sepl 10-------- 125 16 -- -- 62 I 5.7 211 2. 7.6 .5 .. O. < 253 .3< R5.4 15 0 3.1 '138 7.6
1I,'It.:hl('(' avl·":ll.:"--------- 12. 25 55 22 189 220 ..0 185 1.0 11 -- 17. 1.06 272 230 51 5.< 1280 7.0

\1:'11('1' )(,31' 1964

\laximum, ~lar 5, 1964_____ 6 , 68 73 6. 3•• 347 "6 450 2.8 <6 I' 1620 2,20 29.7 <66 182 8.0 2570 7.8
,\Iinimum, Sepl 28-30----- 370 24 ·11 II 31 227 16 18 -- 1.5 . -l2 261 .35 26.1 16' 0 1.1 <32 7.6
l\l'lI~hl('d a\'(·'·a1(('--------- 55. " " 61 " 143 222 136 112 2.0 36 2.5 6.3 .1< 10< 25' 72 3 8 1110 7 . <

l\al~r rear 1965

\Iaximum, Au>: 1. 3, 1965_ ,132 " 111 60 556 19< 62,1 760 -- .5 -- 2290 3, II 7671 6" 51< '.3 3170 7.3
Minimum, Ot'l. 29_31, 1964 7 7 22 '0 .3 21 198 12 5 , -- .2 -- 207 ,28 4.30 138 0 .8 3<6 7.<
loo('llthlE'd av(:I'al,:('------- __ 317 11 53

"
160 I'. 145 170 .7 5 6 .79 6" .91 680 212 5< <.5 1140 7.3

S,-", foolnot"s :,1 ..,nd 01 l:ohle,



l,lhl, 3 __ SIIIIIIII;lI) 01 dH'IIIH:;l1 ;lllal)M'" at d::lll)' :.Ialions on !'>In'::II11!'' III Ih(' Cal1:ntlall Ri\"('1 1.,"'''''' __ ("OInlll1\.I<'fl

(Anal)'s('!" 11"1\'(1 :U" lII:llOIIIUIII ;Illd 1111111111UIII 10('1'(' l'I:I,,!'>illed .'11 111(' h::l,.,i., ,,' Ih. \·;lluc'" 1,,1' (1I .. .,,,lv",1 .,olid .. nl1l\
V:llu.'s ul ull1l'l' u.nlililll.,nt" m:l\' nOl hI' I'XII·('m('~. Rf,,.uIIS III O:lI'Il- IH'I million "XI"I'fll ;1)0 iluJi(':ll('d)

DJ..eol.,~ sollde Hudnue Sped!!~
as CaCO, So- con-BI-

dlum duct-"',,- Po- car- Car- Fluo NI- ~ho,,_
Cal-

Nan- ad- ane. pR

CaI-
SuUate Chloride pl!:11 Tone

Oat. M.an
U~c~ 1.-0' ,,- Sodium "a- bo,- bo,- ride trat< Parte Tone clum.

ear- 0"'- (micro-

of dlacharle
(Fe) elum

slum (H2o) slum at< (SO.) ICII IPI (NOJ 0>0. ) PO' ." M..- tio,
jrn~o. at

(ds) 1810.1 (Ca) at<
(COJ ." bo,-

collecUon
IMgI (K) (HCOJ

mUlian acre- day ,,- ratio 2S·C)fool alum at<

13 CA'ADIA~ RIVf.R ~EAR noRGER, Tf.XAS

1\;11. I \ ,':II' 1951

'I:lXlmUIII. Sl'pl 21_30.1951
\l1ll1m;lm, 0\ 1 2_3i_IO. 1950 _

26

"
69X

32

5tH

12

591.. 200

ISO

131

95

:1U~t')

60

11,1

5
5 "

5530

'02

381°13650

130 6

9SRO

641

7.'

7.'

~
~

20. CASAD lAS RIVf.R AT BRIDGEPORT, OKLAlIO\1A

\\.11\'1' 1\';11 1919

',I,I'lmulII. hI> 1-5 1949 __ 140 -. 168 SI 265 292 520 '00 2 0 -. 1390 1 8. 525 628 38. -- 2050 --\I I n11llUII\ , FI'1>
7_9________

1701 .. 66 " 52 I2R 142 60 2 0 .. '10 I 55 IR60 226 121 -- 6.6 --lit 1\.:1' I I'" :"'1'1':11.;('--------- '42 .. .6 27 112 180 259 126 2 6 -. 787 1,07 2000 350 203 -- 1130 --
".I t.' I' y('::11 1950

\1:1 , II'IUII\. Jun(' 20, 1950___ 360 .. 160 G< <1, 194 "8 575 -- 10 -- ItitlO 2,56 1830 662 502 -- 3000 --\llnll'lllM 11.. \ 9_10________ 10. -. 51 12 20 IJ'I 88 '.5 .. 1-' - 27M ,. RI 176 66 -- <20 --
\\, 1,.;111\'" ;I\t·I':lI.;('--------- 77' 71 22 123 175 178 11< _. 1 • -- 667 91 lt100 26. 12< -- 1050 --

;\,'1('1 \(';1' 1951

',t,,"~ II'IUIII ·1:In 2H_J I . 1951 66 211 61 213 31' 528 270 -- , H 1600 2 " 2Mr. 778 172 -- 2300 --
\1, nlmlllll St'pl 11-13-____ 205 - " 12 25 128 10< 12 -- , 6 288 .'0 15'1 IRO " -- 4<1 7.7
1\( l\:hl,'lI :1\'('1';11.;"-- _______ t.i55 106 26 76 1., 2<, 00 .- 2.0 - 711 97 1260 372 215 -- 1070 _.

11,;1'1 \I:al' 1952

\I:1ximum, S('pt I-I (), 1952 27 , 20 110 16 158 I II 220 186 530 2 6 [, 5 17HO 2 ,12 1:12 464 2", -- 2860 '.0
11inimum. 11.1\ 23---------- 2980 -. 31 I' 15 112 66 I 0 -- S I .. 192 .26 1570 I'R .6 -- 226 7.'
IIPI\:nlf'd a\'('I·;I~l"--------- 63 I 112 JJ 127 201 '07 1·13 -- 2.5 ... I,ll 110 'I' 250 -- I?<JO --

11::11('1' ~f·;lI' 1953

\laxtl:lum, AUI>: 21-21 1953 2t1~O "' 31 32. I -- 2.).1 315 <02 . - I H _.
1110 I 'Hi I lOtiO 136 236 6.' 7320 7.7

\llnlmum, Ju I I
17_________

1190 13 6.' 'I II' 5< '.5 1-8 .- 186 25 74R 1'6 38 .< 2;~
7.,

II"H.hl('d :I ...('I'::I~('--------- 107 •• 'I d221 20' '09 263 - ,., .. 1070 I. 46 JOO 31. 208 '.0 172 --
1131(·1" )('::11" 1951

\laxllllu.... "UI: 27-3 I, 1954 5< 0 '1 35 316 I
_. 236 312 510 -- , I -. 1550 2, II 226 ,"0 186 ,.. 7670 ,.,

Illnilllu., St'pl 29-30----- 17 , II , 22 -- 13. , 7 16 -- 2 • -- 227 'I 2. 123 • • :J48 .,
~cil:hted ;ly('ragC'_________ 230 '0 25 151 180 234 191 -- 2 5 .. 8<1 l. I I 522 '28 1'0 '.6 133 --

~alcr \('::11" 1955

\!axill\ulIl, Ot-t II. 195>1--- 1550 150 50 632 • ". 612 tl25 -- I H 245n 3_3:1 10250 580 121 II 400 '.2
\llnllllum, M::I~' 19. 1955---- 11200 '<I I' 17 -- 126 '0 II .. 1-' .- 173 .21 5230 120 17 .7 26 7.'
~C'l~hled ::Iycr::l~('--_______ <57 - .. 25 lSI -- 181 205 IRS ,. -. 7", I Ill; .66 J05 1~I ,., 126 --

~at(,I' )'1'::11' 1956

\I;lxilllum, Junl' 22 1956___ 22,0 11)4 II 372 288 '115 '60 5.7 .. 1550 2, II ., 130 276 7. 250 ,.,
\\inimum, Oct. I, 3-'1 ,.5 7725 .- '1' 7.' 17 128 I' 16 -- 5.1 .. 1.6 .27 101)0 I'll) 35 JJ 7.'
',1\ id Il'U :lyl'I·:lI.;I'- ________ 15~ 78 2'1 110 1.9 185 172 .- .- .- 732 l. 00 31<1 20' 1'0 ,. lIS( --
Sec lun\lllJle~ ;,1 emJ ..I 1;,1)1",



L,lli. 3 __ ~ul'lmal'\ ,,1.11('1'11<',,1 all"I, .. ,· .. ,II d",I, .. tat 1'111" "" "I,'C'am'" III Ill< Co'n;ulll'n RI"" ",'''1l1'-\''''1l1111,,'d

IAIl;"I",'" I i"I,·d .... ..,a<O;II'Illm .,nd mlll'I'IUm ,,, " ,·I:I .... il it'd 'Ill ,h. h., .. I" ", Ih. ,.11 III .. 1",' ·'I ...."I"·d .. ,,1,<1 .. ,,,,11
Ill''' "I "lh·t· '''11''1 Ilu. Ill" 1'1;\\ '''' I,,· ,·'(11,·1'1,· ... """Ull .. Illl);!I"" Ill" mIllIon '\"'111.1" lcd"."",Il'"

D.18solved solids Hardness Speclli
.,

as CaCO, So- con-BI-
dlum duct-

M..- Po- car- Car-
Fluo NI- !ph",,- Cal-

Non- ad-
an" pH

Date Mean Cal-
Sodium ...- bon- SuUate Chlortde ride tro" hal' Tons Tons dum, 0",- (mtcro-

Silica Iron ne- bon-
Parts

oar-

of d18cha.rge
ISIQ,I (Fe)

C1UfD
81= (Na) slum .,. (SO.) ICII (PI INOJ (PO. J pee pee M..- tion

~.o. at

(cfs) (Ca) "e (COJ pee
acre- bon-

ratio

collection
1""1 IKI (HCOJ

rnWlon d.8, ne-
25·C)foot 81um

.,.I

2/l ("·\\\IlIA\ 1llnll \r IlHlll(,~PO"T. OI\L.\lIQ\lA__ {'UII',IlU, II

~~~

".", " \"," 1957

'.1.. '( I""" \1.,,' I I-I 1 1957 133

I I I" I I:H 3'11 I'14 I I 2<' I IJIJ

I I ;~ I I
lJ III

1'<2 I ,<I

I
<1501250

I !.rI
22401 ~.'l'.11 jll:111." JUlh 20--------- ~112 " 33 IJ6 31 2J 215 " 531 156 0 41')9 7.'J

Il, 'l.:h,.·oJ "'·"1·;'1:\"--------- 699 "' 156 Iq/j 212 10" :1 *' IHlK , ,n 152/\ 325 164 1330
'''.11' I' 'e:ll' 195H

·,1:1'(lnullI. 11:1\ 30-31 1958- 3605

I I I
118 I" I

lfl2

I --I ",
I I

3url

I
515

I Idl I
l1Jn

12

35

1

16R·10

I
4901278 I] :I 2711')I 8.2\!'"lmllm, S('pl 7-9------- 273!l 51 II 12 -- 130 1112 ,,' 3f:i'l 50 2690 ISIl 74 557 8.0". 1;,;,\,I('d :I\I('1·<It.:l'- __ • _____ 1tojO 71 23 165 -- IIl6 ltC, 20' 77' , n8 1610 272 119 126'1

"\.tI.-I· \ .. ;\1 1959

\1:1" 11l11l"'. Jill \ 6~H. 1959 __ 1321') I- I I
135

1"1
·1/17

1

222

I I
:192

I
,17n

I I ~.~ I I
1770

1
2

~i I
6310

I
5101328 I:il 28'101 8.3~III'~llm. ~d\ 21__________ 521l1) 30 <) II III 112 26 '6 172 21~0 112 10 265 8. I

~\. L.:hl, ,I :1\'(',:11.:,. _________ 120 18 21 IJ I '6' 190 I tj9 726 823 293 154 114'1
.\ ,II ,. I' \'.11 1960

N :1;1,(11ll1l1ll. lUll" 10. 1960--- 15200

I I I
123 I" I

36n 1 226

I I
311

I
.i I:,

I I 2~ I I
1620

1
2

' ~g 1
r,6IRO

I '190 1 3 '14

1I ~I
:?soOIR.1w ',l:nIMlllll, ~u.: 30-31---___ 162 H3 20 57 122 217 i'l 510 236 290 190 784 H I\. , ;111,'<1 ,I" 1-;'\;.:.' ________ , 111611 " :w l!ll 193 25:l 211) 2 .. 'l III , 2. 2720 3·10 II'ol2 1501')

I "'Iudp!,> II\(' "'IUI,· .. I,'nl 01 any c:ll'honal('" (CO]) prcs('lli.
I, 11I"'-I1;tI'!:" "",.'onl ... llli' !:at:ill~ "talion nc;'\,' Am::l,·illo ..... appl'", l:<hl(' inllo\ll hcl"r'I'" ":lmplln~ pUlnl ;jnd at.:lll!' "l,oli"l1 "x,,'pt dlll'lnc p£'I'IOd of hC':lvy 10(':11 ratns.

11.:111 (:,,, .. Iwl'j.:(' a"I""I('<I tu I'('II ..'CI small dtschal'~(' 01 S.'W;I!:(' I'lllul'n' cnlc,'lnll; C,lll'ldl;\n RIW'I' 11"'\1"1'0 ":lmpl'"1: point :lnd I!:lJo:inl-: "':llioll.
Cal('u];\I(:',: tram Olht'l' \lCIl-:hlcd 3"'''1':11:;('" (:on ... ll'llcnl!'.
R,pl'C'''cnls 91 peH;.'nl 01 110\1' 101' \lalt'1' ye;II',



Tabl ...... __ Chl'mlt:al analysC's oj !itl"l'ams and ,'('St"'voin, in lh,' C,tIl:tdlan Rivl't· h .."lll I,,, IOC·311 .. 1I,.. "'1,,,' ,h;lI\ ,lalll' .. ,alluns:

l('d)dIii(R, ... __ ....• ,. r-··- r~' .M··· .- .. ."., ... . .._._- .. -.
, D.1.Iaolved lIOUd8 HUdnell.

Spec""
81- (calculal('dl as CaCOs 80- con-

Dale CaJ- M..- Po- car- Car- Fluo Nl- 80- dJ= duct-
or Discharge ~U1ca Iron c1= oie- Sodium lu- bon- bon- Sulfale Chlortde ride "a" TORA

Cal- Non- &d- ance p8(810,) (Fe) (Na)
,on Parta TonA dum, ~'P-collectlon (crs) ICa) al= .,=

a"
... (SO,) (CI) IP) (NOJ (8) PC' c..- mlcro-

(Mo) II<) (HCOJ ICOJ p.,
ac:re-

p., M..- -- "on
~cfmillion day ne- '"""loot al= ...

2. CANADIAN RIVER SEAR GLENRIO. srw lIExrro

"0\ 27. 1964----- 9.5 12 132 77 1140 8.0 325 188 2611) 0.6 I.. 5'60 7 15 -- 6" 382 3. sqOo 7.,
ON' 18----------- , 6 15 158 102 1990 10 427 543 2960 6 1.1 5990 S 15 -- 81:1 46:1 '0 10100 7 8
)lar 13, 1965------ 268 l' 54 19 429 6.0 232 165 555 , .3 1360 l,8S - - 212 22 13 1430 7.6
JUll(' ltl ___________ 738 13 53 13 199 '.6 263 109 211 5 .9 736 1.00 -- lSi • 6 • 12 tHl 7.5
On

4____________
336 5 .• 48 16 157 5 0 214 158 130 .8 .2 626 " - 185 10 5 0 1060 7 7

3. LAKE RITA BLANCA NEAR OALHART. TEXAS

Junl' 12 1951 _
"0\' 1M 1965 _

llN' 2M. 1965 _

6. EAST AMARILLO CREEK NEAR A"ARILLO, TEXAS

7.6
6.5

7.7

~
A

Sept n. i950____ -- 72 63 39 16. 336 65 ,,. 88 h941 l. 28 -- 318 I -- 1500 7 0
FI"!, 10. 1951----- -- 52 65 ;11 239 577 " 103 5 2 .2 b966 1.3i - 330 • -- i620 7 ,
\1:.,' 21

1955_____ 136 H 52 36 165 302 SU 122 3.6 154 8n6 i.iO -- 278 3n '.3 1310 7 n
IU1I(, 21----------- 14.5 6'1 57 ,. 122 ,.8 103 80 2.8 28 b635 .86 256 20 3.n 9" --
11.1\ 16. 1956______ 11.9 99 5U 36 137 276 102 lin 3.6 9n 764 I ., -- 272 16 3.6 1160 , 6
Oct

3____________
I. 94 " 17 J4 133 26' 92 112 3 2 79 716 .91 258 38 :l.1) 111fl , I

Ian 17 1957----- 22.2 '" 62 10 183 522 10' 90 2.6 60 S" l. I R :l18 • 4.5 i280 7.6
'u..

26_~_________
20 8 " ·15 20 73 201 63 65 2 0 J2 131 '0 104 3n 2.:l 707 8.2

';'Il 8.
1958______

10.9 44 56 31 167 176 S6 In3 2 , 1.0 12,' 08 - . 268 • 1.1 1210 7.6
Aug 5------------ 21 I 66 " '" 112 26' 88 101 I 8 60 6" 88 26. IJ 3.0 CJSR R.5
"1)1 2. 1959------ 9.05 '" 50 37 192 530 93 lin 2 9 2 82n 1.12 277 0 5.n 1290 7.0
Ou

1____________
158 6< 5' 28 112 318 7n 10' 2 .• 6 6 593 .81 - ~ '" • 3.1 951 ,.,

J"np 6,
1960______

1·1. 2 50 IS 27 98 25:1 71 76 , . 50 55R 7r, - 2:12 " , 8 '60 7. ,
Ju I) 13----------- 11, I 52 58 24 139 ,as 60 " '.3 n 635 <6 -- 244 0 3.0 081 7'
"n 30, 1961----- 14 2 50 54 28 lSI 570 30 on 2.7 . 5 125 00 -- 25n n 5.• 121t) 7. I
lun<.- 1 ____________ 256 38 47 2. 77 '06 50 72 I 6 5. 157 6' - 2.n 3n 2. , 1~6 7. ,
~('b. I. 19;;5______ S24 60 62 36 124 '" 99 114 2.9 o. 1'17 00 30' 78 3. i 1210 7,5

'>0\· 24. 1953----- 2 76 22
.Jan II. 1955----- 2 52 "Jan. II.

1956_____ 2 il4 22
.Jan 17. 1957 _____ 1.95 2.
J:'ll S. 1958------ 2 43 20
l}t·'·

:1____________
2.24

S BOSITA CREEK SEAR AMARILLO, TEXAS

II 8.'

1 "I
LJ

I
-- I -- 10 S.2 -- I.:l

52

I
13 19 2" 12 7.8 7

I
216 I (J :1:1

57 LJ 19 251 \I 7.' 6 263 :u;
53 14 2' 252 II In , 2.'lH .:15

252 -- 16

115
116

181 I
~I "JI

117
1"2ICl5 \1Cl q ()

189 123 8. J
ICl·l 166 1 fi

s,-" 1'>otJlIII"" ;01 ,-nd '" t.,hh ,



Tabl!' 1 __ Ch!'mical :Inalyse8 of 8t1'eam8 and l'eservolr8 in the Canadian River basin fOI' 10clltiOnJi other lhlln dall)' Allltion~__ ConTinued

(Rf.>sults in part8 per million except as indicllled)

, IlIa80lved 80Uda Hardnell SpecUl
BI- (calcullltC!d) as CaCOa So- con-

Date Cal- M..- Po- car- Car- Fluo NI- Bo- dlum duct-
01 DIscharge SUI." Iron dum rie- Sodium las- bon- bon- SuUate Chloride ride Irate Tons

Cal- Non- ad- ..oe pH(Slo,) (Fe) (Na) ,on Parts Tons dum,coliecUon (cfa) (Ca) slum alum ,t. (804 ) (CI) (F) (NOJ (B) orp- (micro-
(Mg) (K) "e (COJ pe, ps,

pe' M..-
oar-

tion(BCOJ millton acre- day ne- bon-
ratio F~oll at

loot slum ats 2S·C)

9. CllICKEK CREEK :"EAR A/MRILLO, TEXAS

Nov. 24, 1953----- 2.31 ',I -- -- -- -- 9, I 5.0 -- I, , -- -- -- -- -- -- 386 --
Jail. II, 1955_____ ,1.08 .. 32 7,9 13 152 6 8 'I. 8 -- ", IGG 0.23 -- "' 0 0,' 315 8,'
Ja n. II, 1956----- 1.97 '2 18 9,0 II '00 8,0 1.8 -- I., b208 " I !">7 0 ,4 336 8,2
Jan 17, 1957----- ,6 2G 66 9,9 18 26G " G,8 -- 2.'1 '75 37 1t)~ 0 ,G 138 7,n
JIII1- 8. 1958______ 3 41 20 IG ',0 12 194 '.2 ',8 -- 2,' ,on '7 152 0 ,1 327 7,n
Dec, 3------------ 1.70 -- -- -- -- 213 -- 22' -- -- -- -- -- '" 10 -- H60 8.2
Sept. 9. 1961----- ,II 2G 13 12 17 216 7,8 4.7 0.' ,0 217 ,30 151 0 ,6 319 7,6
Jan. 7, 1965------ \.M 21 41 13 10 194 10 4,4 ,6 1.0 196 '7 156 0 3 32'1 7,8
Jul} 12----------- ,GO 23 26 10 16 153 8,6 4,0 ., .2 163 ,22 -- 106 0 ,7 '61 7.n
Apr. 28, 1966_____ -- 23 G6 " " I 3,1 300 13 87 ,6 ,0 lin ,57 242 0 1.6 722 7,8

10. COETAS CREEK NEAR A~~RILLO, TEXAS

ApI'. 29.

8.1
H.'
7,n
8,1
7.6

7.2
7,2

8,0

6.6

7,'
6,'

370
353
37n
101
372

'"

O.H
, ,
,G
"

o
o
1
1
2

100
16S
170
16.'5
177

2,'
38

1 I
17G I 0 21

3.'1 b230 .31
1.1 215 .33
3,0 225 .31

H 11

21 I 96

1

18

I
130 15 10

" 9,1 " 201 " 10

" 9.8 17 216 17 12

" 9,0 lG 200 " 12
213 -- IG

II, BIG BLUE CREEK NEAR DUMAS, TEXAS

~
12, LAKE MEREDITH l"EAR SANFORD, TEXAS

5.1 208 172 180

1'1. DIXON CREEK NEAR BORGER, TEXAS

", RED DEER CREEK SEAR CANADIAN, TEXAS

1.14 24
1 29 32
1. 03 24

.79 24
1.20 21

,8G

21. 1953----
II, 1955-----
II, 1956 _
17. 1957 _
8, 1958------3 _

Sov,
Jan.
Jan.
Jan.
Jan.
Dec.

Apr. 29, 1966 _

JUlle 16, 1965----
Ol"l I~-----------

Nov. 5. 1965------
,\pl' 29. 1966- _

~

~

16. CANADIA~ RIVER NEAR CA~A01\~, TEXAS

Au\: 22 1950----- Iii -- -- -- -- -- '00 17" ::'7"i -- -- -- -- -- '8G -- -- 1'180 7 6
Au~. 30----------- 1:J30 -- -- -- -- -- 162 1 'I :'If'l -- -- -- -- -- 216 -- -- l1:tO 7,'
S('pl.

7 ___________ 295n 17 -- -- -- -- 18' 195 2'1'l -- -- -- -- -- 266 -- -- 13<)0 7,8
Sl'pt . 12---------- (;570 -- -- -- -- -- 172 98 100 -- -- -- -- -- 116 -- -- 7'7 7,n
Sl'pl 21---------- 1:19 -- -- -- -- -- 212 lG' '17 -- -- -- -- -- 25C} -- -- 1330 8,0
Sepl 2H---------- IH~O -- -- -- -- -- 177 10' 127 -- -- -- -- -- 171 -- -- 890 8.0
Oe. <1------------ I !ill -- -- -- -- -- 166 III 131 -- -- -- -- -- 172 -- -- no' 7.9
01'1 10----------- Il:l 0 -- -- -- -- -- 2'1 I 165 25) -- -- -- -- -- nO! -- -- 1170 8.1
Ot·t li----------- 20 1 -- -- -- -- -- 2·12 I :~<) 2GO -- -- -- -- -- 311 -- -- 1450 H,1
Sov 3, 1959______ lili lJ " " 361 -- 19' 21/) 570 1.4 3.7 13Q'1 l. ~q 323 '10"1 23A 7,' I'll 0 8,0
Feb 16. 1%0----- ~·JtW III IIlI " 34G -- 256 2:J5 '198 I. :.I 2,' hi lOti 1.C)l) 1'140 '110 200 7. I 2350 8,2
ApI' li- - - - ---- - --- 2 -I 32 711 2'1 711 -- 316 16 106 1,1 ,1 h "I .li7 3.IA 275 IG .., .,. 8,1
July 25----------- :0175 " 80 32 :160 -- 204 247 '188 " I .. bl360 1. tl5 101 n ;132 16' ',6 2250 7,7
0" 19----------- HMO " '0 '" 145 -- 18. 100 195 ,7 ,0 h 660 ,91 8520 220 66 1.2 1080 7,7
J:III 1" 1%1----- .7 II In7 IG :117 -- 2G8 277 '188 1,0 ',1 hl'I60 \. ')9 3" '" 236 7,1 2360 8, I
Apr 10----------- :157 lJ 110 'I. 355 -- 272 262 520 I,H 3.3 1l11'lO 2.(13 1<140 470 210 7,1 2450 8.3

Sce 10011\(.1(1'''' lit ('11I' III Llhll'



Tabh -4. __ Chemlcal :In:ll~'ses 01 stn.·3.ms and r{'!H'I'vutrl' in thf> Canadl3.n Riv{'I' b;ISl1l fOI' locations oth{'I' th3.l1 d3.il} .. tations__ Contlnued

(R<,sults In pal'ls pC'r mdUon ('xccpt as indil;'ated)

D1NoJnd solIcit; _doe.. Speclfk" (calcu1:J.led) U CaCO, So- c.on-,"um
duct-

BI-
Car- Bo- Cal- "'-

Mag- Po- Fluo NI-
Non- ance ,H

Cal- car-
SuUate Chloride

TOM
~rp-

Dote
rio- Sodium tu- bon- ".. <r... 'on P.... Tons dum,

mlc.ro-

Ducbarge ~.ul~~ 1>"on ctum bon- ... (SO.) (CII (P) (NOj (HI PO' Mag- car-

~ci'

of
(810.) (Fe) .Ium (Na) Blum ...

PO' PO' bon- t100
collection (da) (Ca)

(Ma) (I<) (HCOj (COj
ml1llon ac.re- day ne-

al< ntlofool .Ium

17. ELK CREEK NUR CANADIAN, TEXAS

Ap,. 28,1966-----1 00'124 I I 54 [ 38 1 80 I 4.,[ 330 1 1 32 I \17 1\.31 0 . 01" 1 513 1 0.701 1292 1 2> 12.01 910 17.9

Dt'c. 29. 1965-----

18. LAKE MARVIN SEAR CANADIAN, TEXAS

19 CANADIAN RIVER /<lEAR ROL.L. OKLAHOMA

7.2

~

\"(1\ 15.
1961 _____ .. .. - .

187
..

104 29' 220
..

0.' 878 1.19
_.

296 211 4.7 1530 7.7
nt·t·

6 ____________ .. .. .. ..
294

. .
262 255 390 .. .2 1220 \. 66 . . 390 176 6.' 2020 7.9..f,. 1.

1962______ .. -- 497 172 990 '0' -- I 3 2550 3 47 80' 664 7.6 3430 8.3.. ..
~13.1· 8------------ .. - . .. 244 280 20' JlO 1 1 1160 \ '8

.. 392 162 , 4 1610 8.3
\1111' 29----------- .. .. -. - .

'9
. -

172 18' 55 7 546 71 - 284 143 \., 778 8.4
JunCo 2u___________ .. .. 196 .. 204 175 235 - . -- 832 1.13 .. 255 88 '.3 1380 7.8AuJoi:. 29 ___________ .. .. .. - . 282 - 350 440 360 - -- 1570 2. 14 · - 640 353 4.8 2310 8.1
Sept 26---------- .. - . .. .. 337 .. 202 '00 430 - -- 1650 2 24 · - ,6n 394 6.2 2480 7.9

21 COLDWATER CREEK ~EAR HARDESTY, OKLAHOMA

,"en 22.
1961 _____ 3 6

.. .. ..
" "8 190 34

..
542 024 5.27 308 130 \.3 786 8.0

\!al· 5.
1962______ ... .. 6\ 242 205 '10

.. ..
568 77 6.75 336 138 \.4 833 8 .•

\la>
16____________

1 .. .. 104 .. 271 242 56 .. .- 694 .94 19 330 \06 2.5 1000 8.1
11:1\ 21i------------ 6 1 .. .. ..

61 194 190 38 512 7. 1:1.43 278 \19 1.6 763 7.9
Jun ... 26 at 1500--- 70' -. .. '.1 .. 2.2 16 2 7 .. ..

295 .'0 561 208 10 .2 407 7.~

June 26 at 1645___ 364 .. .. .. 7.4 .. 312 16 2.8 .. . 316 43 310 260 4 .2 489 7.4
JUIll' 27 ___________ 86.5 .. .. -. 9.9 .. 296 17 \I .. 320 ... 74.7 254 12 .3 508 7.4
.Ju 11 6------------ 9 4 .- .. .. 63 - . 276 215 '8 .. 655 89 16.6 380 154 \.4 941 7.0
AUI{

17 ___________
1 2 .. .- .. 103 .. 254 230 .8 .- 645 8' 2 09 292 84 2 6 934 8.0

S('pt 10---------- 1 .. -- .. 72 26·1 ,.5 54 - 68' .93 .18 390 174 1.6 992 8.0

22. PALO DURO CREEK ~EAR SPEARMAN, TEXAS

Sepl 6 1949----- o 30 -- 52 17 29 2'8 32 \I -- 3.0 271 037 . -
200 0 o 9 483 --

Sept , 1950----- 125 -- 10 t!.'1 1 2 15. 7.' 2.5 -- 29 III .20 ..
134 5 .2 235 --

St'pt 1<1---------- 66 9 -- 35 10 2.1 "3 " 3 8 -- 5 I 136 .It! .. 128 19 .1 231 --
S('p t

25__________
78.6 -- 27 9 ·1 2 1 122 7.0 1.8 -- .9 108 .15 .- 106 6 .1 176 --

S<,pt
26__________

398 -- '2 6.6 66 132 20 103 -- I I 30,1 .11 - . 132 21 2.5 561 --
Ou

6 ____________
7 39 -- 52 15 35 173 " 1'1 -- , 8 h360 . \9 ..

191 50 1.\ 536 --
O<;t

10___________
1 90 -- '2 9.0 11 187 2.0 6.5 -- .·1 b20M 2. .- 1" 0 .4 308 --

.\13.)' 19. 1951 ______ 630 -- 36 5 3 \ . 136 7 • \.8 -- 8 '1172 .23 -- 117 • .2 233 7.6
11.0) 25------------ -- -- 52 28 13 236 61 15 -- 7.7 h37R SI -. 245 52 .4 534 8.4
Ju1} 17 1962_____

23 0 I' 58 9.3 16 217 22 10 o 0 0 11261 Jii .- 183 5 .5 415 6.6

Jub 25 at (J430--- SlO 20 53 7.' " "I
7 , 19'1 7.8 8.2 ., .2 b218 .3r) ..

163 4 .2 319 6.6
Jul~ 25 "t 0810--- 325 18 52 • 6 '6 7.1 1"

, , 6 5 .5 .2 1>215 29 · 157 3 .2 333 6.5
Juh 25 at 10-15--- 215

1~9 55 6.2 I 1 7 • 107 , 2 5.2 ., .2 ll211 .,. _. 163 I .1 314 '.6
\"o\'. 19 1963----- O. Iii 52 21 PI '" ", 11 \.3 .2 270 .37 - 216 18 •• 486 7.0
Jan 22. 1964- ____ 2 17 27 ;,0 23 22 259 36 10 1.5 .2 297 .10 . - 220 7 .6 491 7.7

." 17.
1965______

32.0 17 I' 7 I " 170 2' 8.9 .. I.~ 2\1 .29 .. 144 5 .7 358 7.1
JUllC 13----------- 593 16 12 1.9 10 142 13 6.3 .. 0.6 172 .23 .- I" 9 .4 301 7.4
:'>o\'

23___________
1 6' 23 5\ 29 32 I' 8.1 266 70 24 I.M .2 371 .50 .. 2" 30 .9 817 7.1

Set: footnotes "t \'ml of t"bll·.



T:l.ll],- 4 __ Clh'ml'-:l.l 1111:1.11"'1'" III ..,In':l.m.. al1t1 ,,-,..n"I"" III Ih.- C.,n;ldian RI\"I lJ.I"lll rUI- l'lt-:l.IIUII" "'h,,, ll,a.\ ".'1itl .. 'allllns--Conli1\uE'd

lKI'IiUll" III pal"" p,-.t· mliliun. ~""P' a" ItHlIC"l.,j'U)

Illuolnd IaOlhb Rudnell SpeeUl,
,

('al,ulaINll UCaCO) So- con-BI- dlum duet-Mag- Po- Cu-
rtUQ NI- Bo- Cal-

Non- od- _e pR
Cal- car-

bon- Sulfate Cllloride Irate To.. clum, 100.,.-
Dale

~Ule. tron ne- Sodium w- bon- "de ,on Parlo Tona ca.-- micra-
oI Ducharge

(Fe) elum
.Ium (Na) .tum ate (SO.) (CI) (P) (NOJ (B) pe,

pc< Mag- llon p..oa .t
(SIC!,) ate pe,

bon-
collection (cIa) (Ca)

(Mo) (KJ (HCOJ (COJ
mUllan acre- da, ne- ...... 2S·C)root .Ium ate

23 I(IO'llA CREEK :-EAR IJARHOl:ZE·IT. TI::\.AS

lit'" 29 1965 _

21. WOLf' 'REEK AT LIPSCO~IJ. TEXAS

7.'

N
~

11:11 ". 1963----- 5 36 30 61 30 '" '" 59 265 I 7 • 0 768 1.001 . - 276 H 4.8 1330 7. I
J.I n 22 196·\----- 630 32 :,ij ,. 180 '60 61 '62 I.G 5 751 l. 02 _.

'6. 46 4 q l35t'1 8. IJun.' 10___________ 7. J> 56 '9 21U '51 6. 3.' I 5 1.5 .32 l. 13 -. 259 54 5.7 10171') 7.3
O. , 27----------- 30 34 55 J6 69 21'1 32 ., , 1 , ·109 56 :?o:t , ,. , 686 7.5
LIII b 1965______ 6 33 30 3" J> 216 192 69 33. , 6 , 81. 1.10 -. 229 72 6.' 1140 R 1
\1"1

11____________
179 21 64 24 117 274 12 17. I 7 8 "6 78 - 258 34 3.2 10010 7.5

JIIlIt' 11----------- 227 14 ·'6 6.4 11 172 7 • I. 5 , '.1 " . 111 0 4 32. 6 .•
Ot ,. 19

1965_____ 20.5 28 57 21 "6 254 43 19. I , 2 602 8' _. "8 '0 3 9 1080 7.3
"0' 23----------- 6 GO 30 6J 27 I•• 1 , 274 63 '" 1 7 ., 794 I .8 '64 40 '.0 10150 7.'
lUIII' 7

1966______ _. 32 63 21 113 3.7 '68 43 162 1.4 0 571 78 244 24 3.' 1010 7.'

Illl"ludl''' 'he> eqUlvalenl of an)' cal'hon:ltt' (CO]) pl"f'st'nt

h Rl~ldUl' 31 \ijO'C

11,1111 m';ln dl .. ch:l'·l:l'.


