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CHnoTel X
INTHRODUCTION

lizdrology h=aa been defined by Head as the funda-
mental bnsis of hydraulic engineerins, It 1s essen~
tinlly a study of hydro~meteoroioqy, prysiography,
and hydro-geology and their relations to the occur~
rence, distribution, variation and disjpoeal of
rainfall ané tre run-off resulting there from in
drought and flood, liydrology might also be defined
28 that science which treats of the laws of the oc~
currsnce and distribution of water over the earth's
surfsce snd within the peolozionl strata, It dis-
cusses hvdrography and physiorraphy in relation to
the distribution and ciroecuistion of water over the
earth's surface and of the physiocarl featureas that
modify and influenoe distribution, It discusses
hydro-geology, or the ococurrence of water in the
strata, nnd the laws of its oceurrence and flow,

In making studies and reports on the avallable
water supply for roposed daxs and reservoirs, the
engineer, in m:uny instances, is seriocusly handi-
capped by a lack of data pertaining to the run~-off
and olimstological features of the drainage basin
in questions 7This is especially true of work
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encountered in the southwest and western portions of
the United Itates, Itream gauging records in these
areans are few in number, often of short duration,
and they are in many osses inacocurate,

Leanding hydrologists huve from time to time
attempted to evolve formulas for the derivation of
run~off from rainfall and other physical data,

Ce Co Vermuele derived several formulas for calou-~
lating the annual and monthly run-off of streanms,
based on certain relstions between retention and
run~of'f which he elaims to have discovered,:-

Je Dy Justin derived a formmla to compute run-off,
based on a study of the rainfall of a watershed,
and taking into consideration the slope of the
watershed (found by dividing the maxirmm difference
in elevation on the drainange area by the square root
of the drainage area,)#+ Nr, Justin recommends the
use of his formla only in the Hastern part of the
United States,

.o Fe Meyer hns presented a method of eomputing
run-off from rainfall and other physical dats;

& Vermuele, C, C4, sater Zupplys GCeologieal
survey of Hew Jersey, Vol, 3, 1864,

## Justin, Je¢ Dy, Derivation of run-off from

reinfall data: Trans, imerican Society of Civil
Eng! By Vﬁlg T79 P ‘“.~

Loy o LN

ere



hovever, 1t reculres s more complete set of physieal
dats regarding a watershed than 1s usu«lly at the
disposal of the engineer.+ 7The method 18 cuite in-
volved, and is maude applicable only by.thc 8006 D=
tance of certain evaporation, soil storage, trane
spiration, seepage, and other ocurves, derived by
the author, whieh in turn depend upon a detailed
‘kmorledge of the pecullarities of flovw over the
drainage area,

The above mentioned authors, as well as others
who have attempted to derive formulus for computing
run-off, admit very frankly the short comings of
their work, They strongly advise that any formila
must not be depended upon to give the ocorrect ro-
sults, but that they can de used to supplement astual
stream flow data, No formula ocan be derived which
tukes into soccount, in a satisfactory msnner, all
the factors of prime importance which affeot annual
run~off, It 1s believed, however, that a method
osn be evolved whiech will take all factors into
aceocunt,

For the past five years, the writer has been
engaged either directly or indirectly in the

f», a, Foo, Computing run-off from reine
ther physionl data: Trans, amerioan
g Inear ’ Vols, 79, Ps 1086,
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investigation of water supplies, Studies and obser-
vaetions made in Texas, (klahomn, Colorado, and New
Mexic0, have brought to hls attention the importance
of geology to hydrology. This 18 especially true in
reference to the relation between rainfall and run-off,
In all texts and other publiocations relating to hydro-
logy, the importance of geology to the subjeoct 1s
hardly more than mentioned, In the absence of astual
stream flow records, many engineers resort to either
the "direot comparative method®, or the “"rainfall
percentage method", in estimating the average annual
yield of drasinage basins, “'hen making use of the
direct comparative method, the measured run-off per
square mile of a drainage area that has been gauged,
is assumed to apply directly, proerata, to the area
in guestion. "The rainfall percentage method"” dif-
fers in that the percentage of rune-of'f to rainfall

is determined from actual gaugings for some area,

or areas, for which the rainfall and all other phy-
slonl oconditions are assumed to be the same as the
area for which the run-off is to be estimated; Both
methods have one cammon weakness, in that the engineer
does not always know that the physiocal conditlions
affesting run-off (other than rainfall) are the same



for the two areas, 7The engineor 1s probably more
to blame for this weakness since differences in
physical charascteristics cun be 1dentified and
corrected by close fleld examimtions,

The writer 1s of the opinion that a combie
nation of thes two above mentioned methods 1s the
most practical method for the averagze engineer
to employ when estimating ylields of basins in the
absence of actual stream flow records, Further-
more, the writer belleves that a careful comparison
of the topographic, climatologloal, as well as
other physlioal features, 1s not suffioclent for
comparative purposes, unless, a careful study

of the geology of the areas 1s also included,



CHAMTER IX
DEVELOPMENT OF LAND .FORN;S

The geology of any dralnage sres and its soccom-
panying topographical, structural and stratigraphical
characteristis greatly modify its hydrological
phenomena, On the ft;llouing pages a summery of the
more important geologleal conditiens which 1nr1uenoe\
hydrology will be presented, together with brief
discussions, _

The importance of topography to run-off 1s well
understood, :n understanding of the relstion between
geology and topography will ecertainly not give the
engineer any additional information regarding the
actus)l topography of a'ny dralnage area, l%wcvob,
aen understanding of this relation, ailded by intelll-
gent interpretations, will often produce information
regarding meny areas whioch will greatly assist the
engineer in meking his investigations,

The chief agents active in shaping land forms
are running water, wind, voleanoes, diastrophism,
glaclers, waves and ground water,

TOPOGRAIHY RESULTING FROE RURNING WATER

Of these agents running water is probebly
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responsible for a much larger proportion of the
familiar topographic forms than eny other, This
agent produces land forms of two types; namely,
those resulting ohiefly from 1ta erosive ability,
and those brought about by the deposition of this
material, |

As Deposits made by running water,

Streams with high gradients in mountainous
areas, emerging into valleys or foothill plains,
have their veloaity so ahecked that mucsh of their
sediment 1s dropped, This causes the bullding of
cone shaped or fan-shaped deposits of debris olose-~
ly analogous to deltas, differing of course in that
they are built on land rether than water, Such de~
posits are oalled ailuvhl cones if they are very
steep and alluvial fans when they are flat or ap=
proximately 20, Streams which are heavily laden
with sediment, will often choke ub their own channels
when flowing aoross such slluvial deposits, This
couses streams to bresk out new lines of flow, thus
forming numerous distributaries or discharge channels,
Thece new ghammels often beoome brailded, Some streams
often diuppﬁr ehrmyxsl\“mhu drainage in the upper
amd soarser part of an dnuvu.l. fan, only to reappear
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as springs or seeps farther dosn the base of the plain,
“hen fans coalesce and lose their individual identity,
they produce a "pledmont alluvial plain”, The greatest
number of such deposits are found in the arid west,
where most of the rainfall In the nountains 1a lost in
the basins either by evaporation or seepage,

It freguently happens that a stream fills its
valley with a varying thickness of alluvium after
its wvalley is well established, only to reverse its
astivity and entrench 1tself in the alluvium which
it deposited, This process of re-entrenchment pro-
duges well defined benches, Ihese are known as
alluvial terraces and should be thoroughly defined
in searching for proposed dam sites,

Be Krosion by running water,

Muoh topograrhy is ocaused by running water, |
Topographis features of an area, when they are the
result of erosion by thie agent, are often indie~
oative of structure, The cycle, or erosion history
of an srea, is probadbly not of great importance, but
it 1s important to recognize the topgraphic results
of erosion by nimlng water, It 18 to topography
of this origin that we often Jook for an interpre-
tation of strueture,

.



EFFECT OF ROCEK TIARDRESS ON DRAIRACGE PATTRERNS
Rocks of unequal hardness, or rather of unequal

resistance to weatheriing agents, give ri#e to many
familiar tepographic forms, In many oases such
forms play an important part in run-off, with al-
ternating layers in horizontal position, the soft
beds wear back undermining the harder rooks, thus
producing rogck terraces on the asides of vailoyo.
‘Of greater mpoertance are mesas topped by a hard
oai:, such as a lave flow, These forms may be ine
terpreted as meaning harder roocks overlying softer

ones, _
DENDRITIC AND TRELLISED DRAINAGE

In a region where the geological formations
are either horizontal, or nearly horizontal, the
tridutary streamsz encounter no notable difforonces
of hardness, and 1f the slope 18 not too grest, they
branch in all directions about egually. These trie
butaries are termed "insequent', They are not -‘e-
quent or dependent upon any obvious structure, Such
a draimage pattern (Fig. l-g) ie tarmed "demdritie”,
For the same reasons, igneous rocks, such &s a large
lava flow, oan and do produce such a drainmage pat-
tern, A@:lu the sane pattern oan take place on
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A~ 7rellised Drainage.
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B~ Dendritic Droinage




formations which are tilted, provided the various for-
mations are of equal or approximately egual hardness,
If, hovever, tilted farmations are of unequal hardness,
and outorop in narrow parallel belts, the tributaries
oteh ocut the softer layers, leaving the harder ones
as the divides, Such tributaries are termed subse-
quent (dependent on sub~struature) snd such a drain-
age aystem (Fig. 1:;) is spoken of as belng trellised,
i series of parallel faults can also produce this
type of érainage pattern as a result of erosion along
crushed or brecoiated somes, 4 drainage area over |
which this is the case, will procbably not have as
high a run~off in aocre feet per square mile as one
over which the trellised drainage is the result of
tilted formstions of alternating hard and soft
layers, For this reason the engineer should be able
to distinguish both causes, 3ihis pattern of drein-
age wvhen caused by faulting can usually be deter-
mined by examination, as the system is less in-
tricate and closely spaced, The pattern on the
main blocks between the rift valleys is notably
dendritie, |

TOPOGHAPHY RESULTING FROM DIASTROPH ISH

Many familiar topographical features are the
_eombined results of diastrophism and erosion,
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Diastrophie features unmodified by erosion sre rare,
The effects of erosion on dimstropnhic features very
often result in topographie forms which will give
the engineer clues to strueture; therefore this
sub ject will be treated in the seation on "Helation
of land Forms to Structure',
TOPOORAPHY RESULTING FR,W GROAUND %ATER

The work of ground water is a vital phrase of
geovlogy. It plays & very subordinate part in the
develomment of land forms} however, it does play
one important partesthe development of sink holes,



CHAPTER IIX

RELATION OF LAND FOHKS TO STRUCTURE

There is a distinct relation between land forms
and the geologle structure of an area, Likewise,
the struoture of an area often plays an important
part in the relation between rainfall and mﬁ-orf.
For this reason an understanding of the relation
between land forms and structure is a valuable ald
to the engineer,

The causes for the develomment of “dendritic"
and "trellised” drailnage patterns hab alresdy been
discussed, From this discussion, it follows that
one can tel)l something of the structure of a region
through an examination of 1ts draimage pattern,
even in the absence of both geologie or contour maps,
Referring again to Fig, 1-@, typioal deniritic pat-
tern suggests either horizontal sedimentary rooks,
massive igneous rocks, or a.region of orystalline
‘metamorphices, 7The engineer 1is cautioned furthermore
not to conclude definitely without field examination
that the region 1s underlsaid by horizonta) formations,

Figare x-ﬁ mnight rather safely bde interpreted
as having been formed on a tilted or folded group
of altermating hard and soft strata,
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Several minor features of drainage patterns are
also in scme instances related to struocture., i
stream, for instance, which 18 antecedent to a dome,
which in turn 1s uplifted so slowly that a valley
is cut with the uplift, will do one of two things:

l, If the uplifted strata are alternating
series of hard and sof't beds the stream may out
through the soft layer on to the inoclined surfage
of a hard layer, where it will naturally ocut lateral-
ly more easily than downward, thus developing a meander
around the struoture,

24 If the beds are of nearly equal resistance,
the stream will merely out through the astruocture
without producing a ourve,

From this it s readily seen that all bends
or meanders in a stream do not suggest such a struc-
tural condition, If aovai'al miner streama show
parallel curves the assumption of such & strugcture
beccmes almost a certainty, :ny pronocunced bend
in a stream that does not appsar to be meandering,
or any bend that 1s obvicusly not a meander, should
be investigaged, an old granite knob, or a fault
blosk oonsisting of material more reaistant to
erosion than the surrounding rmtio&n, oan also




another minor drainage feature of struoctural
significance is the number and length of tributaries
flowing into opposite sides of s longiltudinal or
strike river. The beds on one side of such a stream
dip toward the stream valley and on the other away
from it, If the deds are of alternating hard and
soft strate such a stream will tend to shift down
the dip, making the valley asymmetrioal, One side
of the valley will be an escarpment resulting from
the sapping of soft beds under hard ones, and the
other a dip slopes on the surfage of s harder layer
from which the soft bed has beem stripped. On the
escarrment side of the wvalley the tributaries will
be few, short and steop, while on the 4ip slope side
they will bde longer, more numerais and of a gentler
gradient, This relation can often be relied upon to
indicate the direction of dip, For instance assume
a stream flowing in a south easterly direotion, If
the tridbutaries on the north east side of the valley
are wore numerous, longor, and perfested than those
on the southwest side, then & southwest dip is indl-
cated,

The Kaliparowits region in Utah and Arisonz offers
many exsmples whisch will illustrate the relation of



streams to structure.+ 4his region l1les mostly in
Garfield and kane Counties, southern Utah, but it
also Includes a small part of Coconine County,
Arizona, Its south and southeast boundary 1is
formed by Glen Canyon, Canyon of the Colorado
River; its west and north boundary follows the
valley of the ifaria River, the edge of the Faunsaugunt
Flateau, the weat base of the Table Cliff Flateau,
and the rim of the Agquarlus Plateaun to 1ts junction
with the “aterpocket Fold, Its northeast boundary
is Halls Creek, |

Kany of the small streams and some larger ones
are obviously related to structure, Halls, ine and
Cottonwood Creeks oocoupy valleys that have been de-
veloped in weak strata on monocliinel folds, In the
Cirele Cliffs dome area, the streams flow radially
cutward down dip slopes, and fram the crest of the
“aterpocket Fold streams follow tilted strata to
Halls Creek, The east fork of the Sevier River
flows northward down the slope of the beda that
comprise the Mmunsaugunt Flateaun, Three other
amall streams, although they flow in a direction
opposite to the dip of the beds, occcupy shallow
aynslines,




Although mach of the minor drainage is well ad-
usted to structure, scme of the larger streams are
independent of such control, They flow in and out
of 6liffs, cut through mesas, transest monoclines,
cross faults from the down thrown to the upthrown
sides, and make their way through tllted strata
regardless of the direstion of aip,

ux»



CHA PPER I‘V
OROLOGIC TIRVESTICATION OF DRAINAGK ARRBAD

It is impossidble to determine the exast results
which the geology of a drainage area will have on
the relation bdetween rainfall and run-off, %he effects
of geologloal conditions sre important and sometimes
furnish explianations of gquantitative differences in
flow not otherwise explainable, In view however of
the importance of geology, the engineer should care-
fully investigate geologioal conditions and evaluate
a8 nearly as is possidble their effeot on run-off,
This 18 especially trune when comparing a drainage
area of measured discherge to one of unknowm dis-
charge for estimating purposes., In studying the
geology of a drainage area the following subjects
should be inveatigated:

ie Topography

The important features are the degree of
inclination and the character of the area, whether
smooth or rugged,

Be OeoOlogy

Surface solls and rooks,
Tupervicus rocks, such as shales and granites,

wife



are conducive to high run-off., Fervious materials,
such a8 sands, sandstones, gravels, and oracked or
fissured rocks, oonduce seepage and retard run-off,
The difference in unit runw~off of the isconsin
River above Yerrill and Negedah, :/isconsin, as
shown by the hydrographs on Flgure 2 1s probably
due to the effeots of granite rocks above Merrill
which produce a maximum run-off, while the pervious
fottsdam deposits over the lower part of the drain~
age area and under the bed of the lower stream pro-
bably conduce & considerable seepage loss into the
stratum and away from the channel.+

In comparing geologleal formations the engineer
mast keep in mind that a high degree of porosity does
not always mean a high degree of permeability, lMany
formations have a high porosity, but a low permeability
on account of the porous spaces not dbeing eonnected,

2« Relation of topography to geologye

3e Structural geology of area,

This 18 especisally true when the surfase solls
and roocks are perviocus in their mature, If such de~-
posits are underlaid by an impervious formation they

# ¥ead, Daniel V., Hydrology: loGraw-H1ll
Book Co,, figure Ko, 268, p. 449, 1919,
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will usually provide underground storage, which im=-
pounds ntqr away fram the conditions which permit
evaporation, OGround water discharge 1s an important
feature in run-off studiles, and a general knowledge
of the strustural conditions is essential,

The effect of structure is well 1lliustrated in
parts of the Toyah Bamin in western Texas. In general,
the Toyah basin is the brosd vslley surface that over-
liees the broad synclinal struecture known ss the Deleware
Dagsin, +he loyah Basin comprises the watershed of the
fegos Hiver from approximetely the Texas~-Kew exlico
boundary, southeastward to Crane county, Texas,

In the central part of Toyah Basin lies the
watershed of Toyah Creek, <his stream originates
in the Davis mountaina, in Jeff Davis ocounty, and
tlow}.a' in a northeasteorly direstion through Heeves
county, where it joins the Fecos “iver at a point
which s about 10 miles east of recos, ‘exas, In-
vestigation by the writer has determined that very
l1ittle surface run-off from the rugged Lavis mountains
ever reaches the Fecos liver by way of Toyah Yreek,

To & great extent this condition is the result
of the strustursal eonditions prevailing over the
watershed, In the upper resches of the watershed,



the Lavils mountains, ranging from 4000 to 6000 feet
above sea level in elevution, are capped by Ter=
tiary lavas, ‘hese rocks ure very porous because
of their fraoctured =2nd jointed condition, and there-
fore they absord much of the rainfall, 4+he voloanic
rocks usu:zlly rest on impermeable Upper Cretaceous
clays, "“here this contact 1s above the gradient of
main drainage channels most of the water absorbed
by the voleanios 1s fed into the surface drefnage
or gravels within the mountain srea, Underlying
the impermeable Upper Cretaceocus clays are the
relatively permeabdble limestones of Lower Cretaceous
age, In some localitlies the water stored in the
voloanice reaches the limestone by moving downstream
to structurally high areas in vhich the gravels lie
directly on the limestone, iaralleling the base of
the Davis mountains in & belt from two to five miles
in width, and extending in a northwest-southeast
direction for about 15 miles, the Lower Cretacecus
limestone 18 either at the surfage or immediately
undeér the gravels, -
This area of outercp of the Lower Cretaceocus
limestone !s essentlally e faulted antlcline, 7This

strusture has been ocarved by ercsion into s broad
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valler which 48 adjacent to the front of the moun-
tains and li1es athwart the courses of a number of
streams which origilnate in the mountsins, The entie
¢line plunpges to the southesst and the limestones
finally disappe:r benesth the stream deposits that
underlie the surface in many parts of the valley
area,

Aetual stream measurements have shown that
the streams lose water heavily when crossing this
anticline,

‘ractically all of the water that enters this
limestone reservoir 1s discharged through large
springs located several miles on downstream, ULowne
faulting of the impermeable Upper Cretaceous oclays
against the oavernous Lower Cretaceocus limestone
has ocreated a barrier against the horizontal move-
ment of the water, thereby oausing 1t to rise to
the surface, These large springs are the source
of mush water used for irripation purposes in the
vicinity of Balmorhea, Texas,

Farther downstream along Toyah Creek, the water-
shed becomes a part of a large general area along
the regos River over which there are deposits of
: nua:'?&m gravel, renging from 200 to over 1000



feet in thiokness, The writer has examined a large
number of o1l well logs throughout and adjoining the
general aree and has found that there s e large
fault which apparently ocutlinee the ares of deep
gravel deposits, Thé faulting wse propably caused
by the dropping of overlying formations due to the
solution of vast salt deposits in the underlying
Permian formations, The resulting sands and gravels,
whiech were later deposited in the struetural depres-
sion are very porous in character, are not conducive
to surface run-off, and are excellent water bearing
formations,

4, Stratigraphy.

This subject, se well ag historieal geology in
many ceases, 1s culte complex, =2nd for the engineer
who has not hed geological training, is difficult
to solve, “here possible to obtain this information,
he should do so, a8 1t 1s often of much assistance
in determining the posaihility of ground water dila-
charge into streams, This willl be further explained
below,

6, QOround VWater,

ille.ground waters are derived directly or in-
directly frem the rainfull. The low water flow of



streams 4 due entirely to ground water, Conditions
favorable to the storage of ground water and to its
delivery to the stream are essential to the main~
tenance of dry weather flow, Thisz part of the com-
bined run~off of a stream 1z entirely dependent upon
the geology of the drainage area, On drainage areas
where a pervious deposit 1s extensively developed
mach rainfall is absorbed and beoomes a part of the
ground water, This pervious deposit might be the
surfsoe deposit, lnying hqrizontal, or nearly so,
over the area, or 1t might be the outerop of a
similiar deposit which 1s tilted, - here the latter
i#2 the oase, and the engineer finds that the de~
posit 1s very pervious sand suitable for sud surface
storage, he should attempt to determnine the extent
of the deposit and its relation to the overlying
formations down stream, Oround water usually has
cutlets in the lower portion of the drainage srea
appearing as springs along the banks and in the
stream channel itself, In the above mentioned oase
the ground water nay become deep seatsd, and may
follow the perviocus deposit to distant outlets,
even on other drainage areas,

Extensive perviocus deposits on a drainage



area generelly produce a high degree of regularity
in the flow of a stream, provided of course there
18 an outlet into the chsnnel, ¢ver such areas the
rainfall 1s rapidly asbsorbed nnd becomes a2 part of
the ground water, It flows slowly toward and, de~
rendent upon the character of the deposit, reaches
the streem only after a pericd of days or months,
Hesvy rains on a pervious watershed increase
the velocity of flow and thereby augment the flow
both during and after the period of rainfall,
Following the period of raeinfall the gradient slowly
decreases as the water drains from the pervious de~-
posit into the stream. 7The veloclty and quantity
of flow becomes less, theredby causing s decrease
in stream flow, fThis deorease is very gradual,
and usually sufficient iatar is in storage to con-
tinue the flow until] sugmented by the next rainfall,
Under favorable conditions the ground water flow
will eontinue for several months, and the flow is
commonly regulated to a greater degree by this mean
than by sny other natural condition on the watershed,




CHAITER V
TEST TUARTERMASTER CRHEEK
HINE KILE CREEK
ROG MILLS COUNTY, OKLAHMHA

This 1s a preliminary report regarding the water
supply for two proposed dams located respectively on
Test Cuartermaster, and Nine Mile Creeks, in HRoger
¥1lls County, Oklahomes, Roger Kills county fs lo-
cated in the central part of the extreme western
portion of (klahoma and adjoins the eastern border
of t‘hé Texss ranhandle, %he proposed dams in Roger
¥1lls county are specifioslly located as follows:

est Cuartermsster: E} Sea, 12, Range 21,
Township 14,

Nine ¥ile: BSE; fee, 31, Hange 21, Township 14,

In view of the close proximity of the dralnage
areas and similarity of physical conditions govern-
ing the relation between rainfall and run~off, the
two drainage sress treated, will be ococmbined in one
report,

QE!HEAL

Yest Quartomatir Creek originates in the
northeastern part of Roger Kills County and flows
in a southeasterly direction into Custer County,



" where 1t loins the ‘ashita River st a point about
three and one~half miles bdelow the proposed dam
site, The principal trirutaries are liay Creek,
Dry Brench, and several unnsmed streams,

tilne Mile Creelk originates approximntely five
miles south of the south bend of the Canadian Hiver,
and jJust waest of the V'est Cusrtermaster drainage
area, and flors in s southeasterly direction, 1t
joina the “ashita River at a point vpproximately
one and one~-half miles below the proposed dam site,
DRAINAGE AREBAS

4is shown on Plgure 35, the drainage area of

each stroam 3is as follows:

7 Dra IDage Area
Stream f“ﬁq;:E!Iea g s 0res

fost Queartermaster . o2 85,300
Nine Mile 36 23,000

These drainage areas were established through
actual field survey by personnel of the Jater Re-
sources Divislon of the Ukishome State Planning
Commission, They in turn have been substantiated
by fleld reconnsissance., A4All of each area is ocone-
tributing to run-off,
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T OPOGRA MY

Topographical features of Hoger H1lls County
are the result of ercsion and grading, :ithin the
county are two genoral types of topography: a ree-
latively smooth plain or upland, remnants of an
anclent plain which at one time covered the entire
county, and two areas of lowland along the Canadian
and “ashita Hiver basins, “he topography of the
upland mey be described as being undulating to
pently rolling, In piaces the valleys are of suf-
. fioclent depth to render the surfaee moderately
rolling, and in many places they are guite hilly,

The escarpment whieh borders the ‘‘ashita basin
on the north extends fram a point on the eastern
boundary of the county approximately 15 miles north
of the :ashita, w&otz about seven miles, and it son-
sists of a belt of broken, rough country about two
miles wide, It then contimues in a southeasterly
direction to the valley of the Dead Indian Creek,
and 8t 13 In this section of the esoarment that
Muartermaster, Rine Kile and #1ld Horse Creeks
originate,

Dead Indlan Creek originates on the high plain
to the morthwest, however, like Quartermaster,




Kine Mile and "'11d liorse, most of its dreinage area
1s southeast of the esocarpment,

‘Frcm Vead Indian Creek the os&irmont extends
southvard to s point one mile north of the Jashita
where it then turns and followe the river ochannel
in & northwesterly direction,

« large part of the lowlamnd s a relatively
smooth area, dut the barder belt between it and
the high plain or upland is very rough, bdbroken
and hilly.

GEQLOGY

The surface geology of both drainage sreas is
very moch the same, and it warrants close atten~
tion becanse of its influence on the probadle
annual yield and maximum flood,

Tertiary sands and gravels, wvhieh practically
cover the Texas lanhandle to the west, are almost
wholly absent over the entire area, Information
secured from a geologic map of Roger Mills County
compiled by the CUklahoma UJeologleal Survey, sub-
stantiated by fileld reconnaissance, indicates one

small area of late Tertiary gravels, comprising
less than one section,» This oscurs as the surface

« 8ix, s 011 and Gas in Oklahomas :
w 000103 Cll. &may, Bulletin No, 40,
g . o
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formation in the extreme north central portion of
the (uartermaster drainage area, In the extreme
northweastern part of the Dead Indian draimage area,
terrsce deposits of (uaternmary age oover approximate«
ly nine sections, #ith these two exceptions the
surface of the combined areass under discussion is
ocovered with roecks of Permian age, canmonly re-
ferred to as the "Red Beds", |

The m:-tomae_ox- formation, consisting of
dolm&tu,’mnlvo lenticular sandstones, highly
oross-bedded sandstones and sandy and calcareous
shales, 1s the predminating surface formation,
In plages the main streams and tridbutaries have
eroded through the (uartermaster and exposed the
Cloud Chief Gypsum which 18 also of Pamhp age,
This 1s especially true of the est Cusrtermaster
| anﬂ its main tributary, as well as the extreme
lower resches of the Nine ¥ile and the Dead Indilan,

Due to the physioal charaoter of the Quarter-
master formstion, and the climatic enviromment,
erosion has produced a characteristic topography
over the ares consisting of red sandstens "hillocks",
renging fros 20 to 50 feet in height and in most
"&uﬁnﬁu are void of vegetation,



CLIMAT CLOGICAL
Frecipitation
The following tabulation of data recorded by
seversl stations of the U, &, ‘Weather Hureau lo~-
ocated within close proximity to the general srea
under discussion should be of value in estimating

an average amual rain-fall,

- - ~Wo, Years AVETrage Ann

Statlon | R;W Raig‘fa;; *
Arapaho ) 4 " 28,52 inches
Arnett 10 25,84 inches
Cheyenne 8 27,16 inches
Hammon 38 | 26,99 inches
Rankin : 7 286,07 inches

- Aversge apmal reainfall for all

stations 26,17 inches |

On the basis of this iInformation it 1s reasonadle
to estimate the average ammual reinfall over the
entire area to be 26 inches,

Approximately 81 percent of the average anmmusl
rainfall falls during the period from April first
to November first, This amounts to 21,12 inches,
The months of April, May and Junse emtx-:buta a
comdined average of 37 peroent, amounting to 9,64
tnches., The period frem July first through October



contributes 44 percent or 11,48 inches,
Evaporation

There are no known records of evaporation
covering the general area under discusasion, The
United States ‘feather Bureau station at Dalhart,
Texas, has maintained records for the six summer
monthas for a period of twelve years, an@‘thal
average for this periocd has been 52 inches, The
average anmal evaporation at Amarillo, Texas, 1s
estimated as about 65 inches, and it i1s reasocmmdle
to estimate sbout 60 inches evaporetion for the
drainage areas of Hest Cuartermaster and Kine Mile
Creeks,

YIELD _

There are no stream discharge records availe
able of West Quartermaster and Nine Mile Creeks,
In order to arrive at some conclusion regarding
the relations between reinfall and run-off over
thelir entire drainage areas it will be necessary
to make comparisons with another stream of known
disgharge, and whose drainage area is similar in
jhysical sharacteristios, For this purposs the
Yaahita River has bdeen selected,
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The “‘eahita Hiver origlmtoa in the western
part of Hemphill County, lTexas, and flows in an
easterly and southeasterly direction through socuth-
restern Okiashomae On its upper reaches, in Texas,
the ashita 1s only a small creek, and its drainage
area is covered with sands and gravels of Tertiary
and Quaterpary age, In this portion of the drainsge
area the run~off in asre feet per square mile is
rather small, due to the absence of steep slopes
and especlally due to the presense of a porous soil
covering, Here the rum=off is about two percent of
the average annual reoipitation,

Approximately 5 miles esst of the Uklahoma~Texas
line there is s change in physiocal conditioms, and
from this point on, the iashita and 1ts drainage
area lies nlmost entirely in the Permian Hed Beds,
It has besn pointed out in the discussion of the geology
of the area that these formations are much less
permeable than the sands and gravels to the west,
and they will allow a greater run~off in acre feet
per sguare mile, In addition, the Permian forma~
tions whiah are at the surface hgn dvnlopgd the
ususl "red bed" topograrhy with gypsum hills pre=
dmmtin.;.



For the years of 1636 and 1937, that being the
only record, the average anmal discharge of the
fashita River at Clinton, Oklahome, amounted to
125,000 acre fest, The precipitation over the
watershed during these years was practioally
normal, 7The drainage area of the watershed down
to the Clinton gauging station is 2100 square
miles, therefors the average anmal yield over
the entire watershed amounted to 50,5 aare feet
per square mile of drainage area,

Tc assume, however, that this degree of run-
off was conastant over the entire watershed would
be 1ncorrect, because of the differences in phy-
sical oharacteristies of different parts of the
drainage area,

The upper reaches of the dreinage area lies
in that physiographical province known as the
"High Plains.” The eastern boundary of this pro=-
vinoe orosses the watershed in a north and south
direction, near the Texas~(klahoma bounmdary, it
approximstely this location the Washita leaves the
"High Flains” and flows over the "Osage Flains"
provinee, which 1s quite different in gedlogy and
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other physiocal characteristics from the "High flains”
to the west, It therefore seems reasonable that the
gauging records should be properly distridbuted over
the entire watershed to arrive at s ressommble es-
timate for the watershed of the Cuartermaster, and
Nine KHile Creeks, whioch lie in the Osage lains

~ portion of the Washita drainage ares,

Of the total draimge area down to the Clinton,
Oklahome, gauging statiomn, 445 square miles lles in
Texas and in the High Flains, Run-off on the
southern portion of the iigh Flains has been rather
carefully estimated to be approximately two peroent
of the average anmmual precipitation, (Refer to
chapter No, 6 ~ Running Water Draw, Curry County,
New Mexi00) and the same approaximate percentage
should exist for this upper portion of the Washita
watershed, The mean annusl precipitaetion has been
record by the United States Weather Buresu at the
following stations looated on or nesar this portion
of the watershed,



rortion or L"ggth Average

Station Watershed Annual
- Represented Record rrecipitation
Miaml, Texas 37.0% £9 yrs, £3.,30 inches
Canadian, Texas 52.9% 25 yra. 22,97 inches
Cheyenne, Giclshome 10,1% 8 yrs. 27.15 inches
tieighted Average - es.axle For Fo o 3,

A two poreent run-off over this 445 square mile
portion of the watershed, having the adove weighted
precipitation, will produce £5 acre feet per sqguare
mile, or 11,125 aore feot for the entire portion,
Subtracted from the average discharge of 125,000
acre feet, as recorded at Clinton, this leaves
113,875 acre feet distriduted run-off from the re-
m;!nins 1,665 square miles of drafiage ares which
amounts to an average anmal yleld of 68,8 acre
fest por square mile,

' Por this portion of the watershed the weighted
average precipitation has been ssloulated from data
recorded by' the United States 7eather bBureau:
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rortion of Tength Average
Station Yatershed :?t Aw%
Hepresented Record rrecipitation

Cheyenne, Uklahoma 34,80% 8 yrs,. £7.16 inches

Camargo, * Ok1ahoma 8.,10% 17 yrs, 24,81 inches

!{amnn€ Oklahoma £25,80% 18 yrs, 26,99 inches
Ty

Elk C1& Oklahoma  8,30% 9 yrs, 26,07 inoches
Oakwood, Oklahoma «80% 22 yrs, 26,73 inches

Olinton, Oklahoma  25,40% 27,99 inches+
’ Velghted average « 26,96

¥ i AL T o0 y RV S
Weatherford stations, ,
%¥ith the above stated average anmual yleld of

68,8 acre feet per square mile of drainsge area,
over this portion of the watershed having a welighted
average precipitetion of £6,91 inches, the resulting
run~off will therefore smount to 4,75 per cent of
the pricipitation,

It is therefore bellieved that this relation
between rainfall and run-off will exist over that
area of the upper Washita watershed ocovered with
Permian "Red Bed" deposits, The watersheds of the
Hine ¥ile and West Quartermaster Creeks are all
jocated in this portion of the Washita draimpge
area, snd the runvoff over these watersheds is
therefore ootiuutod to be 4,75 percent of the pro-
uapzuu-u. which has besn found to be 26 inches
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anfmally. )

 om ‘I:lia basis of this data, the average anmal)
yield of surface run«off for these watersheds down
to the proposed dam sites will be as follows:

Anmuay) Yield TOoEtal AvVer=
stream  gouare’Niies Mite 0 Yiea o
Agre Yeet Agre Peet
iest Cuartermaster 102 65,6 6,691
‘Kine Mile 36 66,6 2,362

OROUND WATER
As stated in the dinmum of the geoclogy of the

wateraheds in question, the surface formations are
composed of the Cuartermaster and Cloud Chief forma-
‘tim of Permian age, GUenerally speaking, the
Permian “"red bed” formations 40 mot yleld water in
1-»;. ﬁuantiun. Both streama have eroded through
the Cuartermaster and exposed the Cloud Chief gypsum
without eucountering ground water in quantities
sufficient to produce a contimsl flow, Some seep-
age water finds its way into the stresm channels from
time to time, however, this ground wvater increment

1s not of suffiejent magnitude to be oconsidered in




CHAPTER VI

S4ROENT MAJOR DRAINAGE BASIN
Roger K1lls County, Oklahoma

“hille engaged in meking studies of the three
drainage basins desoribed in Chapter five the
writer also hsed ocossion to investigate the
Sargent Ma jor dralnage basin., Sargent ¥a jor
Creek originates in the south centrsl part of
Roger Kills County and flows in s nertherly
direction where it joins tho.Waahita River about
cne and one~half miles north of the town of
Cheyenne,

This basin, although it s small in size,
demonstrates very clearly the importance of
geology in the relationship between rainfall and
run-of'f, 48 shown by Figure 3, the drainage
area down to the dam site econaists of 18,25
aqﬁaro milea, This drainage area was compiled
from aerial photographs and later substantiated
by fleld reconnaissance, ihe entire area is con-
tributing to run-off, In general, the topographileal
features sare the same as desoribed in the previous
chapter concerning iest Quartermaster and Nine Mlle
Creeks, Freoipitation 1s likewise the same,

-ove



OROLOGY ARD RUR~OPF

The same regional geology of the above men«
tioned basins applies to the Sargent Najor, how=
ever, there are looall cond it 10n§ which prevent
. this basin from ylelding the same percentage of
mn-off, 7The upper 8,8 square miles of 1its
drainmage area are covered at the surface by
Quaternary terrace deposits oi' sand and grn’vol. |
which 4in this part of Roger Mills County are of
sufficient thiockness to produce domestioc water
supplies, This surfece formation, however, is
not conducive to a high run-off, alﬁ for that
portion of the basin covered by this formation,
the percentage of run-off 1s estimated to be tio
poi'ecnt. «fter leaving these upper resches the
Qtrm has eroded through th§ (uaternary deposits,
leaving ;ho rewainder of the dralmage basin lying
on the Fermian "red beds", This part of the basin,
constituting 11,45 square miles, 1s sssigned a
run-off fastor of 4,76 percent of the precipitation,
This 1s the same factor as applies to the West
Quartermaster and Rine Mile Basine,

In the upper mohia of the dasin the streanm
in ocutting through the Quartermary deposits has
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encountered the water éabla, causing it to flow con~
" timously. Thie flow has been found to be e pproxd-
mately one cuarter of a saooﬁd foot whioch when stored
at the dam site would be approximately 180 aore feet
anmually,

- On the basis of the foregoing findings the aver-~

age annual yleld would be summarized as follows :

T Y T) "TRR=OPY  YTeId per —Total Iver-

Area Faotor ~ Bquare ifle age ..nnual

S3qe Nlles AP Yield AF
Upper 6,80 £.,0% 7.7 188
Lower 1l.45 4,75% 65,6 751
Annual Yield - Surface run-off 039
anpnual Yield = Oround water 180
Total average annual yleld 1,119



CHAPTER VIX

RUNNING VATER DRAW
Rew Mextigo

Yhe draimage basin of Running (ater Draw &n
Curry County, Few Hexleco, 1s charscteristis of
many basins loonted within the High #lains, “hile
engaged in making a study of this basin iith rela-
tion to the possible construction of a dam asaross
the Draw the writer recognized the effects which
geology as well es physlography has upon the relae-
tion between rainfall and run-off,

Running “ater Lraw 1s an intermittent streanm
which mekes up the Brazos River in Texas, It
originates near the town 'ot Fleld, New iiexico,
which 18 specifieally looated in the west cen-
tral portion of Curry County, Curry County 1s
loecated in the east centrs) pert of the state,
The stream flows nl!éhtly south and easat through
Curry County and orosses the Texas-New iex1e60 line
at a point adbout eight miles north of the town of
Texico, The proposed dam site was looated approxi-
mately twenty three miles down stream from Fleld,

TOPOGRA PHY
Drainage Basin _
The oonsequent character of the stream 1ia




evident, It flowe in a long, parallel, nearly
straight course down the original slope with a .
noteworthy absence of dendritic tributaries,

The entire drainage basin atove the dam site
1s located on the Llano Estacedo, a remnantal
pPlatesu of the High lains province, Similar to
mmerous other streams on the High lains the
watershed of this stream 1s limited laterally
not only by watersheds of adjsgent streams dut
also by numerous natural sinks, Figure 4 18 a
map of the watershed which has been compiled by
the writer from aerial photography and later sube~
stantlated by fleld reconnaissance, It will be
noted that the waterashed consists of two distinctly
different types of drainage, hereafter known as
"A" drainage and "BY drainage. " drainage is
that drainage which 1s direotly contributing to
the stream bed of Running “ater Draw, 7The total
anount of this type of drsimgé area hsa been
planimetered and found to be 96 square miles,

"B* drainage, 1a that drainage within the
watershed whish is non-sontributing to the stresm
bed, There are three square miles of this type
of dreinage in the watershed,
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TOPOGRA FHY

ihe Llano istacedo 18 & nearly flat and level
table land or mesa surrounded on sll sides by more
rolling eroded plaines of lower elevation, It is
dissected very little by stream erosion,

GEOLOGY

As previously stated the entire watershed lies
within the High ’lains seotion of the Oreat i lains
irovines, ‘ihe peneral geclogy of the area is not
complex, The entire surface of the watershed is
covered with the Ogalalla fomtion which is com~
posed of alternating sands, gravels, clays and
caloareous sands and gravels,+ In places the
Ogalalla rests upon thin beds of Comenche (Lower
Cretaceocus) rooks, but in general, the Ogalalla
rests direotly upon the Santa Rosa sanxistone, a
member of the Doockum Seriles (Lower Trisssic),
The regional dip of the strata 1s to the southeast,

From the standpoint of the hydrology of the
area the Ogalalla formetion is of importance, This
formation (Tertiary ige) consists chiefly of alter-
nating layers of elay, sand and gravel, It 1s

i # Winechester, Dean ‘..’schu and Oas Resources

New Nemiso: New Nexico o0l of Mines, State
% of Mines and Mineral Rescurces, maifetin
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generally believed that the material whioch comprises
these rocks was derived largely from the Rooky Moun=-
tains, am that 1t was spread out in the beds of
streams which in timos past flowed from the moun-
talns and were 105t on the plains. These streams
left deposits of sand, clay snd gravel, which in

time were covered by other deposits, sometimes of

the same, dbut more often of other material. From
this 1t will de understood that the greater part of
the beds must necessarily de irregularly lens-sahaped
in cross-section, and in most omses will not be found
contimous over large areas,* In general, it seems
that the deposits near the base of the Tertlary have
8 greater proportion of coarser material consisting
of sand and gravel beds, and at higher levels they
have elays and silta in greater abundance, 7These de-
poaits at one time eovered the entire Llano Estacado
as well as other sections of the iligh (lains, and they
are today, the cohlef sources of ground water, “hile
the Ogalalla 1s locally cemented with lime and silleca
it %a in gcmni & very porous formation and not ocon-
dueive to high surface run-off,

Untted Staves: Hooraw EIL{ 5’32"85?”:‘{»25 saition,
Pe 13, 1932,



SINKS |
Included in the total draimage area of 99
square miles are three aquare miles of drainage
area which are non~aontributing to the main chan-~
nel and which are referred to as "B" drainage,
These physiographio features known locally as
"Sinks", "Buffalo wallows", "dry lakes” and “"de-
pressions” are not only charecteristic of the
Llano Estaocado but of the [lains in general., “heze
sauoer+]like depresaions are soattered at irregular
intervals over the relatively flat surface of the
Mains, In size, they vary from very small "de-
pressions” to large lake basins often draining
several miles, 7These depressions are in general
thought to be the result of ground settlement,*
Beds of salt and gypsum 4in the underlying rermian
and Triassic sediments have been removed in solu=~
tion by ground waters and caverns thus formed, and
the later caving of the roofs has caused the de-
pressions, In making hydrologilesl studies with
reference to estimating water supplies for pro-~
posed reservoirs on the lilgh Flains, it is of ut-
moat importance that the extent and amount of these
e Johmsen, Wi, Ds, “he High Flains and Their

Utilisetion: U, ‘aho ¢ Survey, 21st, Ann, Rept.,



sinks, or the total non-contributing drainage area
whiech they comprise in a given watershed be measured
or closely estimanted, <hile the percentage of this
type of drainage area is amnl; in the Running .ater
Draw basin, there are numéroul watersheds on the
Flains of which ten to ﬂ.ﬂ:y’por«nt of the total
drainmege area 1s non-contridbuting to the main
channel. |
CLIMAT OLOGICAL DATA

The United States ieather Pureau has regorded

rrecipitation data at several stations on or near

the watershed,

Tortion of Tength ~ .verage
Statlion “atershed of Annual
Represented Record irecipitation

Glovi. ﬁ' Me 185 20 yrs, 17.97 inches
m“.ﬁm ﬂ&ll Ne !‘.‘-30% 11 yra, 18.89 inches
Fleld, N, X, 52% 11 yrs. 17.569 inches
St \'mln, Ke M, 10% 19 yrs, 17.17 inches

Entire jasin - ieighted average 17.8 inches

_ The gross anmal evaporation for this general
area 1s about 78 inches, ‘hen one takes into consi-
deration the mean anmuel preocipitation of 17,8 inches,
the net average ammual evaporation may be expected

" to be approximetely 60 inches,



RUN=~OFF
There are no known discharge records avatlable
of Rumnning ‘ater Draw, In order to make any estimate
regarding the average anmsl yleld 1t will be neces~-
sary to compare this watershed with basins of similur
phylioni charaocteristiocs and with measured discharges,
Por the purpose of comparison the following

nf.re;ms of known discharge have been ssleocted:

Stream  Uage Tength /verage DUrainage .verage vYlelid Run-ofl
loca~- of annual aresa annual acre coefl-
tion record raine- sque re run=-off feet ficlent

fall niles in acre per

feot square
mile

North lork Haigler "
of Republi- Nebr, 7 19 2,042 37,830 16,6 1.8%
oan River
South Fork Benkleman 12 i7" 2,786 38,500 14,0 1.6%
of Remubli~ Hebr, '
can River
Cimarron Garrett S 19" 2,100 44,000 21,0 2,00%
River Oikcla .
Sappa Cr. Oberlin 2 is"” 1,080 8,520 8.0 0834

Xan,
Smoky 111l Kllsworth 20 20" 7777 138,000 17.8 1.8
River Kan,

Al)l of the adbove basins are located within the
Oreat Plains province, and with some exoceptions,
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which will be discussed, are comparable in physiocal
characteristios to the basin of Running “ater Draw, A
The Cimarron River origimates in the north
enstern part of New Mex1oo and south eastern part
of quorud;:a, and practiecally all of its drainasge
area down to the gauging station lies within the
Raton Section of the Great Plains province.,+ This
section of the Ureat Plains differs from the High
Plains in that it 1s a trenched peneplein sur-
mounted by diuséct«!, lava=oapped plateaus and
buttes, ILava flows, which have been disseocted,
have given rise to very conspicuous topography
buttes, giving the section a rough and broken topo-
graphy. It 1s therefore evident that the two percent
run-off of the Cimarron Kiver should be considered
somewhat high for comparison with Ruuning “ater Draw,
The North and South Forks of the Republioean
River originates on the High ilains section in east-
ern Colorado, and all of thelr drainage basins down
to the listed gauging stations lie totally within
the High Flains seotion, Sappa Creek likewise origi-
nates on the High fains in antorn Kansas, and

# Fenneman, Nevin M Physiography of ‘estern
United States3 MeGraw-niif Book Co,, First Eaition,



all of its watershed down to the listed gauging station
is within the lilgh Flains, It 1s therefore logloal

to compare these streams with Rumning ater Draw, |
taking into ocnsideration that allowances should

be made, however, for any physiocal differences

noted in the campsrisons,

Physiographloeally, the watersheds of the above
streams are very smnar. to the watershed of Running
tiater Draw, There sre however sm minor differences
in surface geology which are very likely to ocause
differences Iin run~off,

The North and Scuth Forks of the Republican
fiver originates on the High rlains, in Colorado,
and for the greater part, the Ogmlalla and other
porous Tertiary formations constitute the surface
geology of their watersheds, Upon approashing the
1isted gauging stations the streams have eroded
through the Tertiary mantel, and exposed over oon-
siderable aress, the relatlively impervious Plerre
shale of Cretaceocus age, 7This formmticn _1: relative~
ly .lnporvima as compared with the highly porous
Ogalalla, and therefore more conducive to a higher
surface run~off, This is an important factor which

4B



cannot be overlooked when comparing these watersheds
with that of Running “ater Draw, as the latter water~
- shed 1s completely covered at the surface by the
Ogalallia,

Sappa Creek 1s very similar to Running ¥ater
Draw with some exceptions worthy of comment.
Fracticelly all of its watershed is sovered with
Quatermary alliuvium which is extremely porous,
and which probably acoocunts for a low percentage
of run-off,

Another factor to consider when making com-
parison with these streams is the inocrement of groumd
water run-off, Rumning “‘ater Draw 18 a young stream
and does not intersect the water tadble at any point
above ﬁha proposed dam site, iAll run~off into this
channel must therefore Le limited to surface run~
off, Both Forks of the Republliean River have suo~
goeded into cutting through the Tertiary mantel
and exposing the “lerre Shale, as the “ertiary
is relatively porocus, and the ierre shale re-
istively impervious, springs nré quite common a«
long the 1ine of contast, For this reason both

- forks of the Republiocan River have become peren-
nial streams, and pert of their measured flow is

»lbw



due to the increment of ground water run-off, Seappa
Creek, while not having ocut entirely through the
Tertiary mantel, has cut sufficlently into the
Tertiary to encounter some ground water which

finds fts way into the channel., The amount of

this increment s not known, although it is pos~
sibly not as large as that of the Repudbliocan,

The Smoky H1ll River originates on the High
Flains in eastern Colorado, A large part of its
drainege area down to the Kllsworth, Lansas,
eauging station, lies within the Flains Border
Section of the Great Flains province., 7This sec~
tion of the “lains province 1s a submaturely to
maturely dissected plateau, In eddition, over a
large part of the watershed the stream and its
tributaries have stripped the surface of 1ts
Tertiary mantel and exposed large areas of re-
latively impervious Cretaceocus rocks, Likewise,
the stream in cutting through the Tertiary has
intereepted the water table and therefore has a
perennial flow of groumd water,

In view of the similar physioal charasteris-
tics existing betwveen these watersheds and that of
Rumning #ater Draw, 1t 1s logien)l to assume that

80~



thelr reinfall-run~-0ff relationships will apply
very closely to that of the stream in question,
Certain allowances, however, must be taken into
consideration for minor differences in physiocal
charaoteristics which have been shown to exist

between the measured streams and Running “ater

Draw,

It seems reasonable to assume that the pere
centage of run-of'f from the Smoky HilleNorth Ferk
Republican and South Fork Republican watersheds
1s slightly higher than would be expected from
that of Ruaning “ater Uraw, 7his sppears logieal
in view of the minor differences in the surface
goology and ground water oconditions, Likewisas,
the percentage of run~off from the watershed of
Sapps Creek 1s possibly lower than that whioh
would be expeated from Running Water Draw because
of the large amount of alluvium present in and near
the main channel, & condition which does not exist
over Running Yater Draw,

The general average of percentages of run-off
for the comparative streams is 1,5 peroent of the
average anmual reinfall, This average, however,

«8)l»



includes three percentage factors which are be-
lieved to be high, and only ons which 1s believed
to be too low for Running “ater Draw, It is the
opinion of the writer that the percentage of rain-
fall) which will sppear as surface run-off over the
watershed of Running %Water Draw will closely ap-
proximate 1,25 percent of the average anmual pre-
cipitation, |



CHA PTER VIIIX
~«LAMOSA CREEK

In the Introduction of this thesis it was
atnto@ that a general knowledge of the historical
geology of watersheds is, in some instances, of
pw!no importanse, 7The engineer is handleoapped in
_that this information is not always available, 1if
,&"’}j-;nd.thon, in his opinion, it %s needed, +“hen making
the reconnaissance survey the engineer should watech
eslosely for any irregularities in the general strue-
ture of. the drainage system, such as stream pirscy,
trellised or dendritic systems, or other phencmena
which might have important effects upon the percen-
tage of run~of'f,

Alamosa Creek, & small intermittent stream in
southern Quay County, New Mexlco, drains a watere
shed 'which, in the writer's opinion, 1llustrates
the importance of this subjeet, This stream origle-
mates in the extreme west central part of the county
and typloal of most streams in this sestion of the
High #lains it flows in a southeasterly directiom.
However, after flowing for approximately thirty five
miles, Alamosa Creek very abruptly turns to the south-
west and later érains inte the Fecos River, This is



the result of stream piracy on the part of the recos
River, This report will not consider the entire
bagin of the stream, but only that part down to
where 1t abruptly turns to the southwest,
OENERAL GEOLOGY

The entire surface of the watershed is covered
with sands and gravels of Tertiary age, renging in
thiockness from thirty to about seventy feet, Under~
lying the Tertiary, in pisoces, are deposits of
crotioucuc age, ‘The extent of these formations
into the watershed are not exasetly known, although
1t has been estadlished that where rresent, they
are rapidly thinning to the south, #rior to the
deposition of Tertiary deposits the crmofml
formations were subjeeted to extenaive erosion,
The next oldest series in stratigraphic order s
the Trissaic, represented in this area by the
Dookum group, which consiests of appraximately
1,200 feet of altermating red olays, shales, and
sandstones, Underlying the Triassic beds, are
the Permian “"red beds",

Strueturally, the northern two thirds of the

' watershed lies in a basin with pronounced antie

elines on both aides striking slmost north and




south, Approximetely 10 miles upstresm fram the
point where the stream turns to the southwest
these folds seem to flatten out and disappear,
HISTORICAL GEOLOGY

about seventy five miles southeast of the ap-
roximste genter of the Alamosa watershed is the
Portales valley, a broad wvalley with gentle slopes
and a northwest-socutheast trend, In this valley
is found the rortales shallow water area, and water
produced fros it is used rather extensively for
frrigation, That this valley was once the course
of a rather large stream, which was later abandoned
and re~shaped, was first noticed by Beker,« It has,
in fact, been traced farther scutheast into Texas,
where no doubt it at one time drained into the
Brazos River, Apparently, in early Fleistocens
time after the depoaition of the Tertiary, a streanm
having the same gensral cocurse of the present reecs
River above Fort Sumner, New Mexico, eontinued
southesstward aoross the iHigh Plains through the
present rortales Valley and on into Texas. The
old Pecos River, then below Fort Sumner, encroached

b ﬁlw, Charles uurcnozi‘g:olu and Under-

ound Taters of the lNorthern 0ado:
University of Texas No, 857, Pe 528-54, 1918,



to the north, and northesst, and beheaded the
Yortales stream, therefore deyriving it of its
waters from the mountains,

After the beheading of the old stresm its
rather deep valley, as well as those of the major
tributaries, probably presented a rugged type of
topography similar to that now seem near the
"breaks of the Flains”, That the present valley
of the Alamosa was either the northern extension
of the old Fortales wvalley, or s major tridutary,
1s evidenced by these faeta:

1. Capture of ilamosa Creek by the Pecos River,

2. The present Alamosa Valley contains a shallow

area with water in quantities suffiecient for
irrigetion; this srea being very similar to
the rortales area,

S, Oesogrephioal looation with respest to the

rortales Valley,

Deprived of their water, these o0ld valleys be-
came dry beds, oubJoét to erosion by wind and rain-
fall, As time progressed, erosion by these agents
ocsused large deposits of talus to aceumulate on the
silopes and whioh later filled the channels, Later
scsumlations and further ercaton resulted in shaping



the valleys to their present form, the steep slopes
giving away to the more gentle ones,

The large deposits of talus which filled the
old valleys and channels were excellent aquifers.
They were later charged with water resulting from
the seepage of local precipitation, Vells, in bdboth
areas, encounter red dbroken clay axﬁ red water worn
gravel, imdiceting that the ancient rivers had eroded
ent irely through the Tertlary and into the underiying
Triassic,

The structural oconditions, previously dosuribod,
are reflaected in mt‘aéo topography in the northern
part of the ilamosa watershed, Several miles north
of the head waters of the creek lies the great
Conebin Basin, a large natural sink similar to
those common to the Flains province with the exe
ception of size, it having a drainage area of over
one entire township, If and when it ever became
fflled to capacity with surface run-off, the over-
flow would drain to iAlamosa Creek, Southeast,
seversl miles from the town of House, the ilamosa
drains direestly into Cadballo Basin, another naturel
sink iihanc oapacity is seldom exgeeded, It there-
fore seems reasomble to state that omly in times



-of very excessive rainfall would the Alamosa Creek
eontridbute any surfage run-off pust the Caballo
Hasin due to the seepage of presipitation to the
ground water reservolr, and to the presence of
Caballo Lasin,



CHAPTER IX

MIDDLE RIO GRANDE VALLEY*
New Hexico

As previously mentioned complex structural
and streatipgraphic conditions often moaterially af-
feot the relationship between rainfall and run-off,
These effoats are widoly demonatrated in the in!ddle
Rio v'ﬂrunda Valley of New Mexieo0, where many streans
with watersheds of varying geologleal ebnruotw;stiu
dlscharge water into the Rio Orande River, |

The middlo section of the Rio Grande Valley in-
cludes the Rio Grande and tributary valleys from the
Colorado=~New ¥exico state line to San Mareisl, which
1s located at the head of Elephant utte Reservolr,
a stream distance of approximately two hurndred and
seventy miles, 7The upper half of this section of
the Ric Crande is flanked by the southern extension
of the Sangre de Christo Kountains, which maintain
their high altitudes as far south asa Glorietta
Divide east of Senta Fe, On the west, the Conejos
Mountains extend southward between the Rio Orande
end 1ts principal New Mexieo tributary, the Rio
Chama, South of the Conejos Mocuntains are the

Jemes Nountains,
wfhe



South of the Jemez Mountains on the west, and
Santa Fe on the eaat, there is a change in some
physioal characteristics.+ 7he mountains decrease
in helght and there is a marked change in the
character of precipitation, Heavy winter snows
on the higher northern peaks give plage to sporadic
downpours, mostly in the summer, on the lower south-
ern ranges, It 1as therefore from that part of the
drainage aree north of the Rio Chama that the Rio
Orende receives the greater purt of its water
supply, as south of the Ric Chama the tributary
streams are largely torrential in character and
produce only a relatively small total run-off,

The Rio Grande enters s canyon immediately
north of the Colorado-iew kexico state line which
gradually incresses in depth south of the line.

In this area the principal tridutaries are the
Rio Colorade, Rio iondo, Rio Yaocs, ard Embudo
Creek, 81l of which are from the esst, rising
in the Sangre de (hristo Mountains, A short
distance below imbudo the river enters Espanola
Valley whioch 1s same twenty five miles long and
one to three miles wide, Here 1t 1s joined by

Natiom) Resources Committee Regiomml
mm;u::gg R;.:.?Am: g. g; o‘w*t.a
Arintin : ingten, s Fart §,
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the Rio Chame from the west and the Rio Santa Crue
from the east, At the z.o.wcé end of Hsmmnole Valley
the river enters ‘hite Rook Canyon, a marrow gorge
some twenty mﬂnv long, ami leaving this at a point
almost due west of Santa Fe it enters a long narrow
valley bounded on esch side by mesas which rise
abruptly to e helght of three hundred to five hune
dred feet above the valley floor, Then they slope
gently upward to the foot of the mountains, %his
ia the prineipsl valley of the middle section, and
1t extends fifteen miles south to S8an Marolal
Narrows, broken only by short eanyons or narrows

at San Fellpe, Isleta, and ian icacia, The prin-~
cipal tridbutaries in this valley are Santa Fe and
Oalisteo Creeks entering “anta Domingo valley

from the east, Jemez Creek from the west, a few
miles below San Fellipe Narrows, and Rio Puereo

and Rio Salado from the west, just above “an
sromnala Narrows, sixty five miles south of Albu~
querth-

" The entire middle seotion of the Rio Grande
watershed 1s complex in that the master stream
flows from basin to basin through ocsnyons or other
restrictions, The mountains and highlands that

b



border the Rio Grande depression not only receive
a greater precipitation, but they also have a
higher proportionite rate of run-off than the
intervening basins, They conalst largely of
consolidated rocks whose pore spaces are small
and modeputt in mmber, Mmmily these rocks
are fissured and jointed and may in places dbe
covered by a mantel of soll, Under these con-
ditions there 1s some storage of water in the
weathered portions of the rocks, however, even
under favoradle conditions storage in nqnt. of
the formation 1s small, bLecause of the steep
slopes and deep ecanyons, discharge from sush
underground reservoirs 1s aéay, and at the end
of long dry summers it may be almost camplete,
The largest ground water recharge oocours in scome
of the limestones and basalts,

The Yangre de Christo and Culebra Ranges in
Colorado are very high with steep slopes and
nerrow draimege basins, For the greater [art
the rooks are Fre-Cambrian gnnitée and schists
;crhhh have been stripped clean by glaeiation,
‘There is thus a guick runeoff and 1ittle ground



water storage and most of the streams have only
2 small low water flow, In New Kexico, however,
this rangs 1s wider, and in the enterior there
are dbelts of Pemasylvanian limestones, shales,
~and sandstones, Thus in spite of lower alti-
tudes and less precipitation many of the oreeks
have relatively sustained lowewster flows,

The Jemer Hountains are about forty ;uu
square am' are comprised of two unlike portions,
The west side 13 the Jlerra Nacimiento gonsist-
ing mostly of granite and schlat flanked on the
west by upturned sedimentary rocks, The north
end of the range, San Pedro Mountain, has a
sumnit area of sbout one hundred square miles
above ten thousand feet, Here the deep winter
snows and grounde-water atorage provide a water
aﬁppl’r for oreeks draining into the Chama River
to the North, the Rio ruerao to the west and the
Ric de las Vaeas, a tributary to the Rio Jemez,
The eastern part of the range donsists largely
of voleanis rocks. The most extensive formation
fs a rhyolite tuff which is very open and porous,
It forms great plateaus with a amall direct run-
off and large ground water storege. Springs that
bireak b at mhu of the tuff furnish the low

i ot 36 Tomes ant othur stremms,




The followlng table is a summery of the run~
off of the more important streams flowing into
the middle section of the Hio Grande:

' Dralnage . U N I T g'g Y OFF
Stream APOAwSQGe Ae Fo iw e Feo pOY L) n
]

miles Sqe mil 5qe mile  Inches

Rio Lueero 17 204 137 18,6

Rio Pueblo de Taos 68 316 « 437 5,92
Rio Teos 3s9 197 272 3,70
imbudo Creek 308 200 « 230 4,48
Puedblo Creek llé 268 « 370 5,02
Rio Santa Crus 886 200 +400 Be4d4
Santa Clara Creek 45 89,6 +096 1.31
Kambe Creek by 4 £86 « 398 5,36
Tesuque Creek 13 208 #2237 3490
Rito Tesuque 8 116 +169 2.18
Santa Fe Creek 20 35 »518 7,03
Jemez Creek a4 180 248 3,38
Bluewater Creek 2356 5247 2073 « 99
Rio suerco 4,795 17 023 33
san Jose 2,765 7 +009 13

This table shows s wide variation in unit run-ofr per
squere mile of the drainage area, There are many
factors which produce this wide variation and among
them geology plays en important role,

Before discussing the effects of geology, however,
it must be made clear that in view of the leck of
prooﬁpitation data over the mountainous areas no
effort is made to compute the percentage of run-
off, There are consideradble run~of f records and

=84~



precipitation reocords are quite mumerous over much
of the gemml area, excluding the mountainous
portion, l’recipiﬁutxon, a8 well as run-off, in-
oreases with sltitude, The locetion of mountain
masses with relation to the prevalling wvinds af-
feot the distribution of precipitation and also
the resulting run-off, wWithin the middle section
of the Rio UGrande basin the streams draining the
western slopes appear to have larger unit run-off
than those draining the eastern slopes exgept
vhere affected by a mountain mass, For imtnnoo,
Rio Lucero, Rio [ueblo de Taos, fmbudo Creek, and
Rio Santa Cruz drain the western slopes of the
mountains and have higher unit run-off than Hl
Rito Creek, Santa Clara Creek, and Bluewater
Creek which drain the ematern slopes, Nambe
Creek, Rio Tesuque, and Santa Fe Creeks drain
the western slopes of the mountains, but the pre-
cipitation and resulting run-off 1is appreciably
less and appears to be affected by the Jemer
umhﬁiM' lying to the West, James c:rock,"drain-
ing the ’i‘jﬁth and west slopes of Jeme: mountains
has a unit run-off comparable to those streamns



having the higher run-off, It would be valuable
to know the percentage of run-off, but as preci-
pitation records for the high mountsain areas is
lacking, the relation ocannot be computed,

It is interesting to note however, that many
of the streams whose watersheds are within close
proximity, show wide variations in unit run-~off,
This is especially true in the Truchas Range,

This Range is a part of the southern sxtension

of the Rooky Mountains in New Mexieo, The Rookies
in New MNexiso extend far south in the state as a
series of high ridges consisting laergely of
granites and other orystalline rocks of rre=-
Cambrian age, overlain by Carboniferous lime-
stones and sandstones, The range 1s relatively
narrow, having a width of about twenty five miles
in Taos County and thirty five miles east of Santa
Fe.+ The principal structural features is an
anticline, or series of anticlines. The sed imen-
tary rocks -uroh over most of the higher. parts of
the range, but in same areas, they have been re-
moved by oronlon; revealing the underlying granites,

& Dartom, N. He, Oeologio Structures of iurts
of New Nexieo: Us 5. Geol, oy Bulletin No. 726-E.,

Pe 2.00, 1088,



in example 1s the difference in unit run-off
between Sante Fe and Fembe Creeks, Santa Fe Creek
originates on the southern slopes of Lake Pealk,
one of the peaks comprising the high Truchas Range,
and flows south and southwest, running through the
City of Senta Fe, .It has a unit run-off of approxie-
-metely 376 acre feet per square mile of its dreinage
area of 22 squeare miles as measured at the Santa Fe
gauging station, At least seventy nv; percent of
its dralinage area consists of granite and quart-
zitle rocks at the surface, which are conducive to |
high run-off, Hast of Santa Fe the stream leaves
those igneous rocks and flows across a small area
of Carboniferous limestones, sandstones and shales
known as the Magdalensa group, Immediately before
entering the City of Santa Fe the stream leaves
tf:a Magdalema group and flows over the Santa Fe
formation which 1s upper Kiocene and lower Pliocene,
This formation consists largely of unconsolidated
sand and gravels,

Nambe Creek originates on the northern slopes
of Lake Peak and flowe north and west near the
village of Nambe, Near Nambe the average aml
dumu has been spproximmtely 286 acre feet per |
square mile of Mimm area, whioh is 89 acre




feet less than the unit run-off of Santa Fe Creek.
Over this part of the Kambe dArainage ares the sur-
'face formations sre similar to those of the Santa
Fe Gr,oék: l’f;ntaz'shod, however, the distridbution is
different, ipproximately 25 percent of the upper
‘reaahes 18 covered at the surfase by granite and

. quartzite, The Magdalena group of sandstones

and limestones ocutorop over about 56 percent of
the area, and the remsining part of the watershed
1s covered by the sands and gravels of the Santa
Fe, AS close as can be determined both watersheds
have very simllar climatologleal oonditions, there-
fore thd difforence in unit run-off is no doudt the
result of the differences in the distribution of
the 1gnecus rocks over the watersheds,

" Immedistely north of the Nambe Creek watershed
lies the watershed of Rio Santa Cruz, From 1its
upper reaches in the Truchas Range down to the
geuging station located near the village of
Santa Cruz, the geology 1s practlieally the same,
inoluding the distridbution of surface formations
as that of the Hambe dreinage area, The amnual
average run-off per squars mile of drainage area
ts approximately £90 aere feet or very near the




same as that of the Nambe watershed,

Horth of Rio Seanta Cruz 1s the watershed of
Zabudo Creek which also origimates on the Truchas
Ranges On 1ts upper reaches the geology 1s similar
to that of Rio Santa Cruz, and Nambe and Santa Fe
Creeks, the upper tributariles originmating on Fre-
Cambrian granites and quartzites, then aeross the
Carboniferous limestones and sandstones, and
finally flowing aoross the Santa Fe gravels, The
unit run~off down to the gauging station at Dixoh,
averages approximately 200 aore feset per square
mile of drainage area. This is considerably lower
than the unit run-off of the previously diseussed
streams although the oclimatological conditions
are guite similar, This difference is partly
sgcounted for by the fact that the greater pore
tion of the watershed 1s covered with nnd.l and
gravels of the “anta Fe tormation. another factor
is the presence of a mil area in the extreme
upper reaches, which is covered by a highly fis-
sured and broken basalt flow which is not con-
duocive to a high run-off,

The Rio Puereo, Bluewater Creek, and Rio San
Joas have the lowest recorded unit run-off of all



streams listed in the table,

The Rio iuerco originates in the extreme north
central part of Rio irriba County, where in ite
upper reaches it drains the west flank of the
Nacimiento Mountains, In this section of the
Naoimliento uplift the beds on the west side are
upturned very steeply, constituting the east or
southeast margin of the great San Juan Basin.+
Along the west slope of the mountains there
exists 2 major zone of faulting, MKost of the
fault plsnes dip to the east showing that the
mountain mees has been overthrust to the west,ws
Quteropping over the upper reaches of the Rio
Puerco are formations of Triaaiic, Jurassic, and
Cretagceocus ages, oonsisting of shales, sandstones
and some limestones, Throughout this portion of
the watershed the unit run-off s no doudt much
h!gh;u' than for the other aress farther down-
stream in view of greater precipitation, steeper

¢ Dane, Carle H.* Geology and Puel Resources

of the Southern lart of the San Juan Basin New
lexic0o: U, S. Oeol, Survey Bulletin No, 860~C,.,

pe 31, 1036,

#«#» Renleok, B, Coleman, Geol and Oround
Tater Resources ©of Western Sandoval County New
Mexiso: U, 85, Oeel, Survey Water Supply faper
Nos 6R0, Pe Ti, 1021,

O~



slopes and thé bresence of more impervious surface
formations, It 1a very probable, however, that
much of the surface run-off is loet by seepage
into the westward Aipping rmtim previously
ment ioned, A

Also in its upper reaghes the drainage from
the west and north is from a large area which s
covered at the surface by sands and gravels of
the Santa Fe formation, which probably produce
little run-off,

Approximately 15 miles southwest of the town
of Cuba, the stream leaves the Santa Pe gravels
and drains an extensive area of which Cretaceocus
shales and sandstones are the predominating sure
face formations, Iractically the entire watoer-
shed down to the geauging atatlion at Rio ruereo
1s a typloal bad land srea, 4 mumder of mesas
and buttes, all of which are erosional remmants,
form consplicuocus land msrks, In the central part
of the watershed the stream separates Mesa irieta |
from Mesa Chivato, whieh owe their existence to the
presence of a resistant cover of basalt, This
basalt ranges in thickness from 50 to 200 feet and
forms part of a lava flow that prodbably connected



the mesas at one time, It is badly fractured and
Yields little eurface run-off,

Over the entire area the general dip of the
formations 1s to the west, here the Cretaceocus
sandstones are the surface formations, it 1s pos~
8ible that much of the surface run-off may be
lost by seepage into the underlying formmtions,
Run=-off 1s much greater over the large areas
covered by shales of the same age, however, much
of this run-off is lost by evaporation,

In general, the unit run-off of the Rio Fuerco,
17 sore feet per square mlle, 1s as one would ex-
pect for this type of watershed, The stream drains
an arid country, characterized by hot summer winds,
and as 1t wae previously discussed, the heaviest
run~-off in the upper north east reaghes is probadbly
lost by seepage while crossing the westward dip-
ping sandstones and limestones,

Bluewater Creek, draining the northeastern
slopes of the Zuni ¥ountains, has a unit run-off
of approximately 53 acre feet per square mile of
1ts £35 square miles of drainmge area, down to
the gauging station near the town of Bluewater,
The Zuni mountains are the result of hard roocks



uplifted by an extensive antiolive or elongated
dome.s This uplift has steep dips on its west
side where the strata pass under the Gallup-Zuni
corl basin, and very gentle dipe on the north
and northwest sides into the San Juan Basin,
Towards the south east the flexure flattens into
& broad monocline, The uplift is relatively
regular although the 4ip varies from place to
place, and there is considerable faulting in
parts of the area,

Over that part of the uplift drained by
Bluewater Creek, the Pre-Cambrian granites are
exposed in two sreas, one of wvhich is rather
large. Sodimentaijr formations which are exposed
due to the uplift are: ADO sandstone and Chupadera
limestone gypsum, and sandstone of Permian age, and
the Moenkopi and Chinle shales of Triassioc age.
For the greater part the main stream flows in a
strike valley following the outorop of the Chinle
red shale and sandstones, Several of the main
tributaries, however, flor down the d4ip slopes,
cutting across various north dipping formations
before they resch the main channel. In doing so
amoch water is lost by seepage, and this condition

Lt



&ppears to be one factor in the relatively small
unit run-off of Bluowater Creek, In making a
study of the run-off of Bluewater Creek before
and after bullding the Bluewater dam the follow~
ing table was computed:

Bluewater Creek near Bluewater

AvVerage AVerepge yearly run-off
Period Frecipitation
\ _Inehes Ay ¥y Percent
19131927 13,60 1,302 7.26

1928~1937 15,62 8,197 4.2

Bluewater Creek and its tributufion ‘ccmprise
the upper reaches of the San Jose River, It is
interesting to note that at the Suwanee gsuging
station the San Jose has a unit run-off of ap=-
pro:k:mtoly seven aore feet per square mile of
drainage aree, in spits of the fzct that it
draeins the south side of Mt, Taylor which rises
to about 13,000 feet above sea level, This low
run~off is greatly sccounted for due to the
presence of extensive basaltic lava flows which

are badly fractured and therefore absordb much

of the run~off,



BIBLIOGRA PHY

Baker, Charlens Laurensce, Geology and Underground
/ater Resources of 'fho Llano Estscado:
Bureau of Eoconomic Geology, Univ, of Texas
Bulletin No, 57, 1915,

Baker, D, M,, and Conkling, Harold, 7“ater Suppls
ana Utifizatton: Jonh Wiley and Sons, .
New York, N, Ya, 1920,

Barrows He Ko, later rFower Englneering: MNoOraw-
nify Book’co., New York, N, Y., 2md edittonm,
p. 38-123, 1954, »

Bass, K, 7,, Geologic Investigations in Western
l{gengaaz Kansas (Jeol, Survey Dulletin No, 11,
1 . ' \

Cleland, lierdmen Fitsgerald, Geology, fhysiecal and
Eistorieal: imeriean Book Co,, New York, N. Y.,
1025,

Dake, Cy L., and Brown, U, 3,, Interpretation of
Topographic and Geologic Kaps: MNoGraw-Hill
Rook Go., Hew YO!'k, Ne Y,' 1925.

Dane, Carle H,, Geology and Fuel Resources of the
Seuthern Part of the San Juan Basins, New
Mexleo: iart 3 - The La Ventana~Chacra Mesa
Coal Pleld: U, S, Geol, Survey Bulletin No,

Darton, N, H,, Oeclogis Structures of imrts of
New Mexico: U, S, Geol, Survey Bulletin
Ho, "26‘6' 19E3,

FPenneman, Nevin M fhysiograrhy of Yestern United
States: l!oa;':w-alu Book Co,, Hew York, N. Y.,

1931,

nsbes, Hobert, Veriation in aAnmual Run~off in
Fozhtho R:mky Mmﬁtuin Region: Contributions to

Hydrology of the United States 1923=-19243

Ue 5o Ge0l, Survey Water Supply Faper No,. 520,

Pe 1‘15. 1086,



Grabau, Amadeus W,, A Textbook of Geol rapt
2. Historloal’ Geology: D. C. Heath and
80;, Hew Yﬁr‘f, Re Y“ 1921.

Gregory, Herbert E,, and Moore, Raymond C.,
The Kaiparowits Region, A Geographiec and
Geoclogic Reconnaissanse of ifarts of Utah
and Arizomm: U, 8, Geol, Survey froffessiomal
Faper No, 184, 1631,

Grunsky, G, E,, Rainfall and Run-off Studies:
?'g:" Ay 84 O Eg’ Vol. ‘7. Pe ma'-ﬂm.
-

Grunsky, C. K., Run-off from Rainfall and Other
f;f; t Trans, Ae. Se G, Es, VOle 79, p. 1165,
' N

Horton, Ry E., Draimge Basin Characteristics:
Amg Goopﬁ:n =« Union Trans, 13th meeting,
Pe 3650, Nat, Research Council, 1932,

Hoyt, %, G,, and Others, Studies of Relstions of
Rainfall and Run-off in the United States:
U, Se¢ Ge0l, Survey, Vater Supply Paper No,
772, 1936,

Hunt, Charlea B,, Geology and Fuel Reaources of
the Southern Fart of the San Juan Basin,
New Mexicoj Fart 2 = The Mount Taylor Coal
Fleld: U, 8, Geol, Survey Bullet No.

860-B,, 1936,

Jarvis, Clerence 5., and Others, Floods in the
United Ststes: U, 5. (Geol, Survey Water
Supply Paper XNo, 771.

Justin, Joel D., Derivation of Run-off from
Rainfall Data: Trans, is Ss C. Es, Vol.
LXXVII, Pe 346, 1914, A

114del1l, #1llism indrew, Stream Gauging:
Hodraw=H311 Book CO., New York, N. Y.,

19027,

4., Daniel #,, Hydrology: No~-Oraw-Hill Book
N 0e, Hew Yirk, Be Yo, 2019,

sinser v Outline of Groumd ¥ater Hydrolegy:
e 'f‘g’ mi‘-m,mm-mmmm 4




Meinzer, O, L,, The Ocourrence of Oround ¥Water in
the U‘nitzoa States: U, S, Oeol, Survey iiater
Sapply Paper No, 489, 1923,

Meyer, ,dolph F,, Camputing Run~off From Reinfall
and Other X’fxyaiml Data: Trans, A, S, Co E,,
Vol, IXXIX, ps 1056, 1918,

Hoorog‘nnymom Cey 01 amd Gas Hesources of LKansas:
“;ggaa Geol, Survey Bulletin No, 6, pert 2,
L ]

Hoore, Raymond C,, and Landes, Kenneth K,, Underground
lgaog;::n of Kansas: Kansas Geol, Survey Bulletin
» »

Reniok, Be Coleman, GCeology and Oround iiater Resocurces
of estern Sandoval County New Mexico: U, S,
Geol, Survey, Wster Supply Faper No, 620, 1031,

Sears, Julian D,, Geology and Fuel Resources of the
§outhorn Fart of the San Jusn Basin, Hew MKexico;
Part leThe Comnl Fleld from Gallup Eastward
Toward lit, Taylor: U, 3, Geol, Survey Bulletin
RO, BM’AQ' 195"

Sherman, Ly Ksy The Relation of Size and Character
of Drainage Basins: Am, Geophys, Union Trans.
13th meeting, p. 338, Nat, Research Council,

1058,

51x, Ray Le, The Oesology of Blaine, Dewey, Custer,
and Roger }ills Counties in &lahm [
Oklahoms Geol, Survey Bulletin No, 40-UU,
Bay, 1930,

Tolman, C, Fe, Oround Water: MNoGraw-fiill Book Co,,
New York, No Y., 1087,

W 4 Dean E., The 011 and Oas Resources of
m””’uﬁ-'ﬁ.’.xma Now Noxioo Scheol of Mines,
State Bureau of Mines and Mineral Resources

Bulletin No, o, 1033, _




INDEX

Page

Alamosa c""kQo‘i..t#..bb‘......'.l.‘0....00.‘0..0. 83
alluvrial} CONBBessnensssrnscscsttcenssscarasnsscnsase 6
Alluvial f‘nﬂoaocaptcoo-.-.ooo.ooﬂlaooocco-o-occooo é
Bluewater cP“kno'hguaaoanoc,ooottnqatonoooo.oocooyg 72
Cimarron Ri'.l‘o‘o&vcochoouooo.ocntooo-ooo-ooooooooo v
Clm':ologiul dat‘onovto‘.oooooocoq.ooooo0029.3‘,35.45
Contributing drainage areas
Development of land formB.sccesvcncecccsssenccscsse D
Daposits by running "t‘rttooototbol0.“!'.000&00.05.‘
Derdritic d!‘liﬂg‘.a.«»-oontnnooooooo.cocoooo-.ooo¢.6.9
Diastrophismesecsesnnsescosncscosnecssncoccscesccse 9
Draimnge, dendriticesesceccsececsscssccacncrcscnnee8,®
relation to stnoturo...........-.......14,15813
trellised.scenssncnsseanssencecnscccccccsnces &9
Ao Creelssscacecescncsssccsnsecscsnsesncnsscessesne 99
EVAPOrRtionecsccssesccscrocenenesecncccsnsesenseed0, 48
thlts.".u...................u....‘....9.18.19.81,70
ch....‘oi"icc.000botll0000....0.00..QCQQCQCOQI"as'Ig
Geolo
sgaotora, stream flOWeeessceecceccosnccnccseces 7
historionleccessssascvssncssscccnssnncvccsesedS,58
hydrologieal 1“’1’30&00..0-0.00000000000001.16.18
1m0-ﬁt1€&t1m~toouoco..tcoo.-oo..o.oocooo.o.. 16
recent AepPoBitB.cesssssasssansscsccsssceces®0,f)
storage of WatOrgessssonsencncascncsssccvone? pylb
strate characteristics.cesceccscnscceald, 16,16,17
.tmﬁtﬂr‘.‘m’a.o-a.tno-50000'00000003,9.1‘.15.m
water lﬂﬂpl", effect ONgesetsnnsesesdecasccae
ound water oo,
or dunhargo....uu......nuu........18..80.38.:3
ef'fest on stream ﬂﬂlo-....n...........;29.2?.
IntaK@seensvcecsssnsrsssstcevsnsecsscoercacas a0
-wmﬂto-ootaoooaat.¢000|Q-.o-¢0.00oouaooé§ .57
NMOMO....-..-boooooo-..ooouno-oou.aotgil‘s"
OrigiNssescscscesernssssscnsvacesncnceecniofid,
l'.mfs.-aoouotocotutmanuooc-_abcofQ.;;&é&o&; pot
soil abBorption,cecesassssncsssoscsend '19'20'37
BOUPGO e entsscssatodtracnessstneesessscsdl iy
supply TrOMeeeeetetotntessstsnstnesdantronsss
topography resulting fl‘ﬂbil..-occnoo'ofguoas 4
Historieal geol importanse “.Qooo--ocoooooo.b Py 2
iptraiey, Seriallon TliinIina s AL B
Justin, J¢ Do, formmls far 4




Fa g

Kalparowits rﬁsim'ntooooouoo.uoqaoooba.;.oa.ola 14,15
Land fMUﬁ dovolcmrﬂ: “.QQ...'Q..l."....’..l:...
¥eyer, Co Fo, method of computing run-offe.scessecse,d
Rambe craﬂkloﬁoo-coo-n.opoQOQo'uaocotoobooc-oooo-a".w
Nineo Xlle Cro06Ksssenvecosncscenscsnssssnnsncsssscence 24
8.01357 anoynn---aocqoooooooooooooouoc-oooeagzg
TUN~Off s pescensveccrnscnnscnccceccactsnscncse 36

North Fork of Republioan 2iver, run~off,sesccceccce 48
k‘-‘amnhllity, effect on run-o .....,.............17,19
i’hyﬁi"’&m‘ﬂ!{ physlographical) provineedesecosccecss S8
Forosity, e $ect on run~off.eee«0eed7,10,82 ,67,65,71,74
miat!m to permealilityssecesrncccecasesccsr A7
Precipitstion, as effected Ly mountain masses,s...s 856

relation to Rltitudesecevecsscessncsessencanss 68
Rio Grande watershed

widdle portion, desaription of 59 to 64
R10 MiergOcsscsncesssvscscnrsnsccscessscnccsncecece 70
Rock hardness, effect on dmimgo patterns,.8,12,13,14
Running water, deposits formed ’QQ#OQC.QOO'.QQQ.Q.Q 6

erosion by.'.....-'..-...-..¢.....-.....-..07.66
Running Water DIr&W.ceevccnacscsccccccncsconcecosnas

geolo Of cavnoncsnnssssssnnecsacnssssnnccscce
ran«~o f, 08t imatedepsevesssascsssncoccssassne 52
Run~off

formulas For derivatlon of,censveeccccsveveseslyd
ground water discharg@esscceccecsccscncescces 18
methods for derivation ofcsesvccecencsocesoses 4
surfece dischargyesscescscnsscscscscnssscesnsos 14
S3an JOB® Cre®Kecsssescsssestctenssasssssensvnvnciton 74
Santa Cruf Cref0kyceccsncecossnvrenssssnccsnossconsesse (. -]
Santa Fe Cre@laicsesssccssnssesnessccnsesoncossnssne &7
Sappa Croel.ceassccnscsnsssnssssnnctesssssvcsniccece 49
Sargent Hajor OroeK.cescsscscccacscscosscenscsrcvcccssce 37
ground WALOF e gesvensssesccnoncssnosreccsosnsnse 30
See m.u..n....n.u.."u..u.....-.22,0”,89,'71,’13
Sinks, importance OfcoaoQQGO-QOODUvontnooooooo“.m.w
South Fork of Republiosn RivVer,cscessecscescessccce 48
Smoky H11ll RIVO g a e esssseninestsessenransssssssacsd
PP INEBeeneesssserersetessatssvssunssotssonsoctsssccs
offect on stream flOWysesevesscrssosncacecesy
relation to 'ﬁl‘\lﬂt\ﬂ“d;.cccc-ocvo:bonooc--¢¢f 20
st”ﬁmw1oaocncdnacnntrcoﬂloo-oooooiao¢-co.o¢-¢¢
strueture _ v,11,18
. A e S cugsncssssssacessescascneses g1
U ation to drd ”r patternlissevesseveven _.9.1‘
. 'smelation te ML snsavscsesenscncsesesesios




Fage
Topography
as rcﬂoutod In strUObUrG e vsnsssscasasnsess¥, )R
important features Of.eecvevsanasccvscsesnses 168
relation t0 GEOlOgYesvesacssnsnrencenesneB, 12,17
Toyahh CreoKycsvevesocssncnonsssncsosvscsssnnonesncase

Trelllsed Aralinmagosscvssvescecsssnvosescconssnsennesd,?d

Vermuele, G, C,y, formmulia for determimmtion of
mn.“r.'.Q’"“'.‘."’.’..'.“"‘...“'...‘.. 2

Washita River watershel,scessscresssssconccssescscs 53
discharge mnwonvwtowoaquOﬁwcou.ooooauouuaoo 3g

Vest QM’%OMl rook Watorshed,qessecssncscnsss 24
: Y °fnw'ougo¢-wuuunmuqooopuco.a.o.“,“
run~off, 0otimated,sssnssssvsnsosnsncncssvnces 36
T~
S
e
-~ -~ s
~ 4'}/

2 d D



	Some effects of geology on the relation between rainfall and run-off
	Recommended Citation

	Page0001
	Page0002
	Page0003
	Page0004
	Page0005
	Page0006
	Page0007
	Page0008
	Page0009
	Page0010
	Page0011
	Page0012
	Page0013
	Page0014
	Page0015
	Page0016
	Page0017
	Page0018
	Page0019
	Page0020
	Page0021
	Page0022
	Page0023
	Page0024
	Page0025
	Page0026
	Page0027
	Page0028
	Page0029
	Page0030
	Page0031
	Page0032
	Page0033
	Page0034
	Page0035
	Page0036
	Page0037
	Page0038
	Page0039
	Page0040
	Page0041
	Page0042
	Page0043
	Page0044
	Page0045
	Page0046
	Page0047
	Page0048
	Page0049
	Page0050
	Page0051
	Page0052
	Page0053
	Page0054
	Page0055
	Page0056
	Page0057
	Page0058
	Page0059
	Page0060
	Page0061
	Page0062
	Page0063
	Page0064
	Page0065
	Page0066
	Page0067
	Page0068
	Page0069
	Page0070
	Page0071
	Page0072
	Page0073
	Page0074
	Page0075
	Page0076
	Page0077
	Page0078
	Page0079
	Page0080
	Page0081
	Page0082
	Page0083
	Page0084
	Page0085
	Page0086
	Page0087
	Page0088
	Page0089
	Page0090

