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FOREWORD

Water, of the necessary quality in the desired amounts delivered at
the proper place and time, is a resource of the wfmost importance.
The development and continnance of agricultuve, the growth and
prosperity of municipalities and industry, and the well-being of all our
citizens are dependent on this resource. Tt is apparent that water
resources in many areas are definitely limited. The conservation and
wise use of this resource is therefore, becoming more a:n! more im-

ortant, not only in move arid areas but in hitherto amply supplied
wmid areas.

Our water supplies, initinlly provided by precipitation, are in-
timately and inextricably related to that other greatest of resources—
soil. It has long been conjectured that our abuse or wise use of soil
affects rhe amounts, quality, and timing of water yielded by stream-
flow. Opinions difler widely as to the magnitude of such effects.
Public oficials and private citizens charged with responsibilities of
planning, managing, and using our soil and water resources have
long needed to know definitely whether or not land and watershed
treatment affect water vields and, if so, the magnitudes of such effects.

A F-vear study of this problem was initiated in 1957 by three of the
Federal agencies most concerned with the conservation and wise use
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of our sell and water resources—the Bureau of Reclamation, T0.5.
Department of the Interior; and the Soil Conservation Service and the
Agricultural Research Service, U8, Department of Agriculture. A
work group of three experienced hydrologists, one from each agency,
was estublished at Lincoln, Nebr., to “develop and test procedures for
evaluating the effects of watershed treatments on the yield of stream-
flow.” The work group received guidance from.an advisory group,
also composed of cne representative from each of the three agencies.
This report and the procedure developed as described herein are the
culmination of the combined efforts of these groups and many other
agencies and individuals that assisted along the way. The method-
ology explained herein was derived by the work group and reflects
the status of present knowledge of precipitation—streamflow relations
and the availability of data.

In commenting upon this Technical Bulletin, D. A. Williams, Ad-
ministrator of the Soil Conservation Service, states:

The publication of this document reflects the spirit of cooper-
ation which has existed between the Agricultural Research
Service, the Bureau of Reclamation, and the Soil Conservation
Service during the period of the Cooperative Water Yield Proce-
dures study. The Soil Conservation Service has always been
interested in the influence of agricultural programs on the Na-
tion’s soil and water resources, since they are so essential to a
permanent agriculture and to the welfare of the Nation. We
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have participated in this effort in order to improve the planning
for the futurs of these resources.

The planning of a water supply invoives the investigation of all
fuctors which may have a significant influence on the water yield.
This is particularly important when the needs require the full
devolopment. of the water resource. Physical changes within the
waters]hed such as urban development or major changes in land
use or treatment need 1o be considered. This document presents
u method that may be used to estimate changes in water yield
resulting from upstream watershed treatment. In our opinion,
tho method tends to overestimate the effects of watershed treat-
ment on wateryield. Thismay be desirable, since an overestimate
will normmully result in a more “conservative” design and there-
fore a mors “dependable” water supply.

This study has provided the opportunity for detailed exam-
ination of the effects of land treatment and other conservation
measures on the water yield of streams. Although the results
will show, as reported in other documents still to be published,
that existing data are not of sufficient acenracy and duration to de-
termine the magnitude of such effects with any degree of
accuracy, they serve to point out the complexity of the problem
and may provide a guide to further research In this field.

W. B. Bennett, Acting Commissioner of the Bureau of Reclamation,

in his comments on this bulletin states:

The publication of this report is the culmination of a mutually
agreenhle cooperative effort by the Bureau of Reclamation, Soil

onservation Service, and Agricultural Resesrch Service to ad-
vance the science of hydrology in an area heretofore virtually
nnexplored. The intensive work by the trio of hydrologists from
the three agencies, embracing a period of more than 5 years, will
be of considerable value in the stud y and evaluation of the effects
of watershed practice upon water yield. In turn, the studies will
contribute to {)ettet' understanding of such watershed practices as
terracing, land treatment, stripcropping, contour farming, and
other aspects of watershed practice which are of vital importance
to land-and-water-resource undertakings in many areas of our
country, as well as in other countries of the world.

It is the sincere hope of the Agricultural Research Servige that this

major cooperative effort of the three agencies will contribute to the
use and development of the soil and water resources of the Nation and
to the benefit of &l its people.

Ay édfw?,/w

G. W. Irnving, Jr.,
Administrator,
A griewiturel Research Service.
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Development of a Procedure for istimat-
ing the Effects of Land and Watershed

Treatment on Streamflow

THE COOPERATIVE WATER YIELD PROCEDURES
STUDY

Introduection

Water is a natural resource of unique value. In many areas, it is
the resource limiting the development of agriculture, industry, rec-
reation, and population growth. The preservation of the quality and
the conservation and wise use of this vesource are becoming ever mere
important to the general economy and well-being of peop}e every-
where. In the ITnited States, concern over water as an indispensable
resource is evidenced by studies of water use and conservation by
Presidential commissions, the Congress, several Federal ngencies,
many Stutes, local communities, national and international commis-
sions, professional and philanthropic organizations, and individuals,
Rights to use of water have been, or are being, defined by legislation
on water rights by many of the States. Tnterstute compacts are being
entered into by several groups of States to divide equitably limited
water resources of interstate rivers. International treaties have been,
orare being, negotinted and consummated, to divide equitably the water
of international rivers.

Federal, State, and loenl agencies involved in the control and use of
the Nation's water resources are, therefore, vitally interested in know-
ing more about the efficiency of ‘water use and about the many factors
that may influence water yield. Among these factors is the effect that
conservation netivities may have on the - yield of streamflow. To gain
some comprehension of the magnitude of these effects and, if such
effects existed, to develop and test methodology for estimating them,
the Bureaw of Reclamation, Soil Conservation Service, and Agri-
cultural Resenrch Service conducted the Cooperative Water Yield
Procedures study.

Objectives

The study was initiated in March 1957 by means of & Memorandum
of Understanding among the three agencies. In defining the objec-
tives of the study the memorandum st*ttes :

The primary purpeose of the work contempiated is to develop nnd test pro-
eednres for evalunting the effects of watershed treatments on the yield of stream-
flow. Any cousideration given to economics, or to the effects of treatment mens-
ures oh sediment movement or flood penks, will be incidental to the primary
‘purpose. Watershed treatment Includes land freatment mesasures such as
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changed land use, strip cropping, terraclng, and contour farming, and structural
measures such ay retention snd retardstion reservolirs and wuter spresding sys-
tems. In the course of the investigation it may be necessary to develop proce-
dures for evaluating the effect of certaln individusa! treatment mensures, The
primary shn of the investigation will be to develop procedares for evaluating the
effects of eombined watershed treatment measures on waterskeds ranging in size
from the very small upstrenm watersheds to major river basins.

Duta used in the investigation may be drawn from 21l avatlable sources, but
ewphinsis wiil be placed oo application of the results in those areas where stregm-
flow lg deflcient. When data are cbtained from other agencies such as the Geo-
logicat Survey or the Forest Service, their representatives will lie consulted with
respoct to their best use.

The procedure developed Ir this cooperstive project will be mnade available to
the Boil Conservation Bervice for use {n planuipg, Installing, operatlng, and
malntaining works of improvement for watersheds on which apptications for
assistance under the Watershed Protection and Flood Preventlon Act have been
received ; to the Burenn of Reclumation for use ln planning, design, constructien,
and operntlon of Reclamation projects under the Act of June 17, 1002 {32 Stat,
388) uand Acts awendatory thereof or supplementary thereto; and to other
interested Federal, state, and local ageneies,

This project of anslytical hydrology will atilize data from small resesrch
watersheils #s well as larger, more complex river basins on which extensive land
treatment progrants have been carried out. Mrends and changes in the water
yield from the larger watersheds will be anaiyzed in conjunction with and
correlated with research daia so as to fnterpret the changes which are observed.

Administrative Arrangements

The Memorundum of Understanding provided for each agency to
Turnish an experienced hydrologist for the 5-year study, for establish-
ment of this “work group™ at Lincoln, Nebr., for adequate subprofes-

sional and clerical assistance, and for sharing of the hecessary costs.

Further, it provided for an “advisory group,” consisting of a repre-
sentntive from each of the three agencies, to meet with the work group
no less often than once every 6 months to furnish guidance and review.
The Agricultural Research Service representatives on the work group
and ac?visar_'y group were fo serve s lender and chairman of the
respective groups. .

The membership of the two groups was:

Agency Work group Advisery group
Agricuitural Research A, L. Sharp, L. L. Kelly,
Service. Supervisory Chief Hydralogist,
Iydravlic Engineer. Soil and Water
Conservation
Research Division,

Beltsville, Md.
Soit Conservation Service.. W.J. Owen, H. O. Ogrosky,

Hydraulic Engineer. Chief, Hydrology Branch,
Engineering Division,
Washington, D.C.
Bureau of Reclamation_ ... A, E. Gibbs, H. 8. Riesbal,

Hydraulic Engineer. Chief, Hydrology Branch,
Denver, Colo.

Exploratory Studies and Findings

At the first meeting of those engaged in the study it was concluded
that it would be necessary, in order to meet; the objectives stated nbove
in the excerpt from the Memorandum of Understanding, to proceed
according to the following steps: -
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1. Determine for selected areus whether land und watershed treat-
ment affects water yields in quantities measurable by use of presently
available data.

2. If such measurable effects are found, develop methods of evaluat-
ing them guantitatively. .

3. Apply methods developed to a sufficient number of stream and
river basms to test the efficiency and practicability of the method, or
methods, developed.

it was also ngreed, at that first meeting, that the work group should
confine its studies largely to the Great Plains agricultural area. The
advisory group specifierlly ndvised the work group not to undertake
studjes of the effects of forest lund treatment on water yields. Also
the work group was advised not to include studies of snowmelt runoft
in the western mountain snow country,

The work group reviewed all available literature pertaining to effects
of land und watershed treatment on ranolf and the yield of streamflow,
Though the fiterature is voluminous and many bits and pieces of in-
formation are uvailable, it was found that none described a comprehen-
sive solution of the problem.

For about the first 3 yenrs of the 5-year period, the work group
addressed itself to the first step above, l.e., to determine for selected
areas whether land and watershed treatment affects water yields in
quantities measurable by use of presently available dats.

The processes involved in the generation of water yield by stream-
flow were examined, as were the sources and kinds of data pertaining
to the subject. The precipitation-runoff relationship is very complex,
involving some 30 p}wnomena. Also, the data on many factors arve
extremely variable and only approximate. No data are available on
some seemingly important factors.

Allavailable applicable data from hydrologic research stations were
anaiyzed rather exhaustively. These analyses were directed toward
determining the manner and magnitude of the effect on smalil-water-
shed runoff due to conservation treatment. The purpose was to obtain
basic information for possible use in studies of larger watercheds and
river basins.

Findings at Waco and Spur, Tex.; Guthrie and Cherokee, Okla.;
Hastings, Nebr.; and Lafayette, Ind., indicate that the conservation
use and treatment of land may reduce surface runoff from small water-
sheds from 25 to 40 percent, particularly in dry years, The data were
not so conclusive regavding effects of treatment during wet years. It
should be emphasized that these reductions were for surface runoff
from small apland areas and do not necessarily indicate the magnitude
of reductions, if any, that might be effected on larger stream and river
basins. No means has yet been discovered for directly translating
small-watershed-research results to large complex watersheds.

The streamflow, precipitation, and other records for many river
basins were analyzed. Various studies were on annual, seasonal, and
storm basis. Most intensive studies of river basins were confined to
those where considerable soil-and-water-conservation work had been
done. These included the Little Blue River in Nebraska, the Delaware
River in Kansas, the Upper Washita River in Oklahoma, the Clear
Fork of the Bruzos River in Texas, aud the Cheyenne River above
Angosturn. Resevvoir in Wyoming, Nebraska, and South Dakota.

789-189 O—46—2
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River basins less intensively studied included the Salt, Nemahu, Bi
Blue, and Xlkhorn in Nezmsl{a; Soldier, Stranger, Pawnee, an
Wakarusn in Kansus; Little Missouri-in the Dakotas, Wyoming, and
Montana ; the Leon, Concho, and East Fork Trinity and Brazos above
Waco in Texas; Barnitz and Sandstone Creeks (tributaries of the
Washita) in Oklahoma; about 15 creek watersheds near Los Angeles,
Calif.; the Petit Jean, Ark.: Kentucky River, Ky.; the Nishnabotna,
Tarkio, Nodaway, Grand, Thompson, Weldon, Locust, Medicine,
Chariton, North Fabius, Fox, and Wyaconda in the Iowa-Missouri
State-boundary avea; and the Bad River in South Dakota. Very
brief examinations were made of precipitation-streamflow relatioiis of
another 76-odd river basins east of the Rocky Mountains. Some 40
additional basins were investignted in relation to “best” water, or
hydrologic, years.

Many methods of evaluating effects of watershed treatment on
streamflow were tried. Included weyre simple correlations and regres-
sions, muitiple correlations and regressions (linear and curvilinear),
annlyses of variance, time-series studlies, double-mass dingrams, “before
and after” comparisons, hydrograph analyses, and others. "All the
methods were basically directed toward determining if there had been
changes in the precipitation-sireamflow relations of the river basins.
No statistical appreach was found that would consistently assess
effects of land treatment on streamflow from river basins, or even
prove conciusively that such effects do or do not exist. In a few
cases, streamflow appeared to be increasing. In some, it appeared to
be decreasing. In all cases, streamflow fluctunted considerably, due
to climatic or other causes. This lack of positive findings should not
be interpreted to mean, however, that the conservation use and treat-
ment of upstream land has no effects on downstream water yields
by streamflow. Tt is axiomatic that there must be such effects in dry
subhumid-to-arid areas where available soil moisture, not solar energy,
consistently Iimits evapotranspiration.

It may also be that the statistical models used to analyze these data
were not appropriate. Indeed it is strongly suspected that the seem-
ingly ideal statistical model-—multiple regression—is not applicable to
the hydrelogic data now available.

Another aiﬂiculty encountered was that only part of the needed con-
servition progran. has been installed in most river basins. Even
in the Upper Washita River basin of Oklahoma and the Clear Fork
Brozos in Texas, two river basins where outstanding amounts of
conservation work had been instailed, much remains to be done before
all conservation needs are met. Furthermore, most of the conserva-
tion work has been accomplished in the last few years, and thus has had
a very short time in which to function. A very large change in the
Erecipitntion—streamﬂow relation in a few jate years m a long stream-

ow record will not show up statistically significant, so great are the
variunces involved.

Much of the data regarding streamflow, watershed precipitation,
rainfall intensities, land use, land treatment, and related factors are
fraught with uncertainties. These are so great that it is believed it
cannot ever be demonstrated satisfactorily by statistical analyses, and
with only the types and characteristics of watershed, streamflow, and
chimatic data now generally available, that the conservation use and
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trentment of land alfects water yield by streamflow. To be able to
accomplish this objective would requirs zequisition of very detailed
dats by resesrch methods. To obtnin the required data would be
50 expensive us to be prohibitive in costs under present-duy economic
conditions.

The Rational Procedure

Overall, the many investigations carrvied out demonsirated that a
procedure, bused only on statistically significant results obtained from
studies of river basing and regearch watersheds, could not be developed.
Yet, the evidence on the whole indiented that conservation measures
such as contouring did attect on-site runoff, and it is self-evident that,
in drier avens, storage in ponds and reservoirs, drainnge of potholes,
and irvigation affect on-site water yiekd. Since a procedure could not
be demonstrnted statistically, a rationnl procedure was developed.
The best available information relating to the various components of
the hydrologic processes involved in the generntion of precipitation
excess andl delivery of water ylelds by streamflow was the basis for the
procedure.

It should be emphasized that the rational procedure deseribed
hevenfter was developed to provide reasonable estimates of average
annual effects of watershed treatment on streambow in the dry sub-
humid-to-arid areas such as the Great Pliins, Midwest, and Scuthwest,
The use of the procedure should thevefore be restricted within these
limits,

DEVELOPMENT OF THE RATIONAL METHOD

Introduction

The rational method of analysis consists essentially of applying
logic and known etfects to the problem. .\ central tenet of the method
is:[n'eaking the problem down to its elements on the basis of climate,
evapotranspiration, soils, topography, vegetation, land use and treat-
ment, and streamflow, then treating only those elements subject to
etfects of conservation use and treatment of land.

Applying logie to the water-yield problem indicates that water
yields are residuals from precipitation after the demands of evapo-
transpiration are met, In humid to perhumid areas,’ evapotranspira-
tion is near potential evapotranspiration as limited only by the solar
energy uvailable; the vegetation seldom suffers from protracted pe-
riods of soil moisture stress, because frequent and adequate precipita-
tion kecps soil-moisture quantities at relatively high levels.

Tn arid arveas, on the other hand, available soil moisture, and not
solar energy, limits evapofraunspiration. Vegetation sutfers nearly
every year, and for protracted periods, from high soil-moisture stress.
In dry subhumid aveas, most years will be dry enough that lack of
soil moisture limits evapotranspivation. In moist subhumid areas,
most years will have largely adequate soil moisture, and it is only in
the drier years that evapotranspiration will be markedly limited by
soil-moizture exhaustion.

* Classifications of climate used in this report after Thornthwaite, C. W.,
An Appronch Townrd an Ratienal Classifieation of Climate, Geog. Rev. 38(1):
S04, 1048,
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From the above and from known effects of the conservation use and
treantment of land on on-site runoft, it is apparent that the conservation
use and treatment of land, as we know it foday, will have only very
Hnited effects on water yield from large watersheds in humid elimates.
In dry subhumid-to-arid climates, there will be effects from these
practices. In moist subhumid climates, there will be no effects in the
wat years, but there may be effects in dry yenrs.

Further rationalization of the processes involved in the generation
of water yields and studies of the streamilow regimen of many Great
Plains rivers indicated that the great bulk of the water yield from
most rivers in the Great Plains results from surface runoff, Generally,
ons or {wo major storng, in most years, cause the greater part of the
water yield. Except for a few streams, such as ‘hose in the Sand
Hills of Nebraska and those entrenched into and draining ground-
water aquifers, wuter yields by base flow are insignificantly low., It
wis reasoned that the effects of the conservation use and treatment of
Innd and watersheds are most dirveet, immediate, and important on
this surface runoff component of streamflow, since the soils are only
rarely fully vecharged. Tfforts were, therefore, mainly directed to-
ward defining such effects.

During the development of the method those elements of the prob-
fem thot were deemed germane were isolated, and working tools neces-
sary for easy application of the method were developed.

Watershed Characteristics

An examination of the physical characteristies of the watershed was
necessary, to mdicate the necessity of evaluating the effects of con-
servation treabment. Perhaps the first watershed charneteristic that
should be examined is tl at of the uniformity, or lack of uniformity,
of water yields aver the watershed under study. It was estimated from
available vecords, for example, that 40 percent of the water yielded by
tho Cheyenne River to Angostura Reservoir in southwestern South
Dakotn comes from less than 8 percent of the watershed. This is only
part of the Black Fills area tributary to the reservoir. Conversely,
some watersheds may have large areas that, because of climatic,
soils, or other characteristics, do not yield proportionate amounts of
water. Such abnormally high or low water-yielding areas should be
isolated and studied separately.

Soils

The soil characteristics of a watershed largely control land use and
dictute the conservation treatment needed. The soils {dune sands)
of the Nebraska Sandhills, for example, are so pervious that there is
practically no surface runoff. The topography is dunelike, with no
fully developed drainaze system, and nearly all streamflow is from
interflow or groundwater. Such soil characteristics negate any pro-
nounced effects of conservation treatment on water yields by stream-
floss. There are similar areas in northeastern Colorado, in parts of
Kansasand Oklahoma, ar.d elsewhere.

At the other extreme of soils are the heavy clays, typified by the
Badlands of South Dskota and vicinity, where some of the soils,
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developed from Pierre shule, arve nearly impervious. In such areas,
impoundments (ponds, ete.) are about the only conservation measures
that can affect water yields by streamflow because infiltration rates
of the nearly impervious soils cannot be significantly altered by pres-
ently known, economically feasible methods.

Between the two soil extremes discussed above are the medium-
textured soils amenable to treatment and protection. The water-
deficient Great lains has mostly such soils; hence, land-and-water-
il\ed-consarvation trentment may affect most river basins in the Great

Inins,

Topography

~ The topography of watersheds must also be generally considered
n deciding whether to estimnte the effects of the conservation use and
trentment of land on water yielded by streamflow. Tepographic fea-
tures considered should be both natural and man made. A nwmber of
watersheds in the Great Plnins have relatively large portions of
interier drainage. The North Fork of the Republican River in north-
castern Colorado, for example, has a total reported drainage area of
816 square miles, but only 136 square miles of this total, or 17 percent,
are considered to be direetly tributary to the river. Treatment of
the G80 square miles of noncontributing land was not considered to
affect water yields from surface runoff,

In some watersheds, faulting or other geologic formations allow
streamflow from some parts of the swatershed to be discharged directly
tothe ground water. What happens to the Iand upstream from these
ceologic formations will have no effect on downstream water yields
By surface runoff.

Large reservoirs may similavly serve to eliminate from consideration
purts of some river basins.  Land treatiment above such reservoirs may
rilect inflow to the reservoirs, but it should have little effect on stream-
tlow below such Inrge reservoirs, if all the stoved water is consumed in
trrigation or by industry and municipalities, or otherwise diverted
outside the wutershed. Fort Phantom Hill and three smaller reser-
voirs, with n combined storage capacity of some 88,000 acre-feet, prob-
ably serve to isolate the 478-square-mile drainage aren of Eim Creek
from the Clear Fork of the Brazos River, Tex., for instance.

Land Use and Treatment

Some whole watersheds and large parts of other watersheds, due
to ¢climatic and/or soils limitations, markets, or cultural habits, have
rather fixed Iand-use-and-treatment patterns.

Desert watersheds of the Southwest are so limited by climatic and
soil conditions that they are, in effect, not used and can’t be until or
unless some scientific breakthrough occurs that will provide water
supplies, or new crops, or something else that is not now envistoned.
The effects of conservation treatment on water yields of such water-
sheds need not be estimated.

Several watersheds in the Great Plains have lands in only two nuses—
wheat and range. All the arable lnnd is in a wheat-and-fallow rota-
tion, due to climatic conditions. Wind erosion is a hazard; hence,
most of the cultivated land may be 1aid out in long, narrow windstrips
across the direction of the prevailing wind. Rangeland is relegated to
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rough, broken land, or Iand with shallow soils, or other soil character-
istics that prevent cultivation. Nothing can, nor will, under foresee-
able future conditions, change the land-use pattern. Consideration of
cultivated land, in such watersheds, was eliminated at once in evaluat-
ing conservation effects on streamflow. If ponds are commonly used
in the rangeland as a source of stockwater, their effects were evaluated.
If, on the other hand, perennial streams or ground water are commonly
utilized to supply stock water, this purt of the problem became neg-
ligible. The whole problem of evaluating conservation effects, for
, such p watershed, was thuseliminated,

In a few places it was found that market conditions, systems of land-
ownership and tenure, or cultural backgrounds of landowners and
operators precluded changes in land use and treatment, at Jeast, for the
forescenble future. Such areas were eliminated from consideration
when estimating the effects of the conservation use and treatment of
land on water yielded by streumflow.

The more-or-less-unusual land use and treatment patterns discussed
above are characteristic of unly a few watersheds, or parts of water-
sheds, in the water-deficient Great Pinins. Much of the Great Plains,
particularly the more humid parts, has a mixed agriculture where
Improved crop rotations, terraces, contour tillage, mulceh or trashy fal-
low tillage, and other conservation practices are recommended. It is
generally recummended that marginal Innds (steep, shallow, or badly
eroded) in this area be rotired from cultivation and used as pasture
or meadow. Many farm ponds have been, and are being, constructed,
In selected watersheds, larger flood-prevention reservoirs are being
planned and constructed. It is in these areas that the conservation
use and treatment of land and watersheds are likely to have some effects
on water yields.

Character of Streamflow

The character of streamflow is also important in considering the
probable eflects of the conservation use and treatment of land on water
yields. Conservation-treatment measures in more arid areas are par-
tinlly designed to “hold the raindrop where it falls.” The greatest
effect of such measures on water yield is to reduce the surface runoff
component of streamflow. If the streamflow of a watershed is nearly
all base (ground water) flow, effects of conservation traatment on
streamflow will be minimnl,  If, on the other hand, most streamflow is
from surface runoff, the effects of conservation are potentially Iarger.

As examples, nearly all the streamflow of the Clear Fork of the
Brazos River in Texas is surface runoff. Nearly all the flow of the
White River at Crawford, Nebr,, is base flow. In one very wet year,
only 20 percent of the flow of the Little Blne River near Fairbury,
Nebr., was base flow. Tn one very dry year, base flow was 97 percent
of total flow of this river,

Qceasionally, in the northern Great Plains in particular, severe
spring floods result from the rapid melt of heavy snowpacks. The
severity of sich floods and amounts of water vields seem related to the
amount of water in the snowpack, rapidity of melt, and soil-frost con-
ditions. The effects of soil frost seem. in turn, to be related to the
winter temperature cegime, the depth (insulation) of the snowpack,
and soil-moisture conditions. Soil that is wet when frozen is relatively




Fisvee 1.—Average annual potential evapotranspiratfon im inches. (From
Thornthwaite, C. W., Physical Basis of Water Supply and its Principal Uses.
.8, Cong. House Int. and Insular Affairs Com. 1952.)

150189 O - 66 (Face p. 8)
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impermeable and results in a high percentage of runoff from snow-
melt in the spring. If soils are dry, on the other hand, the frozen
soils are more permenble and less runoff results.

Under snowmelt conditions described above, the only conservation
measures that can materially affect runoff are those that provide stor-
age, such as ponds and level, closed-end terraces. The effects of these
types of structures, in twiv, are limited by the remaining storage
capacities uvailable.

In view of the above, where a very large percentage of water yield
vesults from spring snowmelt on frozen ground, the problem of
evaluating the effects of conservation-treatment measures on water
yields was reduced to evaluating effects of storage-type structures only.
Where only an occasional flood results from snowmelt on frozen
ground, the snowmelt flood volume was removed from annual water
yield of the surface-runoff component of streamflow and treated
separately.

The flow charaeteristics of any stream under consideration was thus
examined to determine whether it was necessary to estimate the effects
of the conservation use and treatment of land on water yielded by
strenmfiow, In examining the flow characteristics of many streams in
the Gireat Plaing, it was found that their flow characteristics nre such
that water yields of & great majority of them may be affected to some
extent by the conservation use and treatment of the Iand within their
watersheds.

Effeets of Conservation

Research Results

As indieated in the first section of this bulletin (p. 3}, exhaustive
statistical analyses were made of all available applicable-research data.
As the rational method began to evolve, it was necessary to reexamine
the available research data in order to select and rank those land-treat-
ment measures deemed important and to devise procedures for their
use in watershed computations.

The effects of land-treatment measures on runoff should vary, per-
centagewise, inversely with annual rainfall, or more specifically with
the ratio of annual rainfall to average annual potential evapotran-
spiration {PET). A map of PET for the United States is shown in
ficure 1. Tt was reasoned that, as moisture supplies (rainfall}
nenr PET, soil moisture storage capacities and infiltration rates
would clecrease and, conversely, on-site runoff would increase.
Available research data were reexamined in light of this ressoning.

Results of this reexamination are shown in figures 2 to 4. An ex-
amination. of these illustrations will indicate a decided downward
trend of effects of treatment as the ratio of annual rainfall to PET
increases. Where calibration-period data were obtained, no such
trends are npparent during calibration periods.

Selection of Specific Conservation Measures

The reexamination of research data discussed above and rationaliza-
tion of water-vield processes led to the selection of specific conservation
land-treatment measures generally recommended for the agricultural
lands of the Gireat Plains that were deemed to have apprecinble effects
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Ficurre 2.—Effects of contour tillage (average of 3 plots) of cotton and level
terrnces on surface runofl as compared to surface runoff from stmight row
(3 lota up and dowrhill) cotton and as related to the ratio of annual water-
shed precipitation to average nnnual potential evapotranspirition, Spur, Tex.

on runoff. The selected measures are shown in table t. Row crops
m straight rows (not contour tilled) were selected as a base with which
to compare the effects of other crops on conservation treatment, since
1t is generally considered that unit-source-area surface runoff is highest
from_row crops as compared with other crops or methods of tillage.

It is necessary to have a companion working fool to use the indices
shown in table 1. This is shown by the curve in figure 5. This curve
is & generalized one developed from the level-terrace research data
obtained nt the Texas Agricultural Experiment Station at Spur, and
as adjusted on the basis of other limited information available. TFhis
curve shows the relations of conservation measure eifects to the ratio
of annual precipitation to avernge unnual PET.
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Frarss 8.—Appurent reduction in surface runoff on wantershed W-35 due Lo con-
servatlon trentiment ng o percentage of surfnce runoff on wntershed W-3,
conventiounlly farmed, 85 related to ratio of annual watershed precipitation to
nverage annual potentinl evapotranspiration, Central Grest Plaing Experi-
urental Waterslnsd, Hastings, Xebr.
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Froure 4.—Apparent reductions in surface runoff due to contour tillage rs com-
pared to surface runeff from wtraight-row tilled plots of about hatf of 12 four-
acre watersheds ot the Central Great Plains Experimental Watershed,
Hastings, Nebr., as related to the ratio of annual watershed precipitation to
average annual potential evopotranspiration, 1930-54,

Several conservation measures in general use in the Great Plains
are not included in table 1. The most important of these are mulch
tillage and rangeland treatment. The available research data (Ne-
brnsﬁn and Oklahoma) indicate that mulch tillage (leaving crop resi-
clues on the soil surface) perhaps reduces on-site surface runoff during
dry years und small storms but tends to increase runoff in wet years,
larga storms, and later storms occurring one after another. These
contradictory data indicate that, since most water yields in dry
climates result from large storms or years of above-uormal rainfall,
muich tillage effects cancel out, and this conservation measure may
not significantly atfect water yields.
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TanLe 1. —Estimated relative effects of land use and trealment meas-
wres in depleting or increasing waler yields by surface runoff on
Great Plains soils
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Praotice ! convert from runoff
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Contour tillage with or without graded terraces_ .h Del;lcting.
Level open-end tervaeed with contour tillnge, . .7 To.
Small grain:
Strnight-row . e mmm e mmaem W3 Do.
Conlour lillage with or without gruded terraces._ .6 Do.
Level opon-ond tereaees wilh eentour Filage o L7 Do.
Land use vonversion:
Cultivated to noncultivated range, pasture, and T D,
meadow on deep, permenbla soils (good land).
Cultivated to notmuitivntcd runge, pasture, and o4 1}
mondow en shallow, eroded, slowly permeable
8oils {poor land}.
Terigation (as compared Lo former dryland [weming) . =4 ) Tnerensing.

' Ta be used in conjunetion with eurve in figure 4.

* Thoese are, in effect, pereentnges af the maximum depleting effect of clesed-ond
level terraces, ns compared Lo straighl-row crops, shown by the curve in figure 5.

1Thig iy the base from which effects of all other praclices are referenced.
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tive nridity of cllmate.
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‘There are practically no watershed-runoff data available to indicate
effects, if any, of rangelund treatment. It was reasoned that in the
Great Pluins only the land not suitable for cultivation is left in range.
Vegatation conditions on such land nre very sensitive to climatic con-
ditlons; hence, the amonnt of vegetation muy vary considerably, de-
spito the best efforts of rangeland operntors to maintrin good range
conditions. Tt was, because of the reasoning partially outlined above,
considered inadvisable te inciude rangeland treatment among the
conservation weasures that significantly affect water yields.

Land Drainage Effecta

The drainage of fand no doubt affects water yields. The drainage
of swamps may result in increases in water yields dus to lowering of
franspirntion by eliminating hydrophytes and phreatophytes and
towering evaporation from open-water surfaces as compared to the
conditions resulting after drainage is complete. No such swampy
arens of nny significant size were observed in the Great Plains by the
Cooperative Water Yield Procedures study.

The only typs of drinage enconntered in the Great Plains that
might affeet water yields was “pot hole™ drainage. As has been indi-
cated earlier in this report, some river basins i the Great Plains have
largo arveas of inlerior drainnge. In some of thess watersheds, land
owners are opening up drains in such areas or leveling land to elimi-
nate “pot holes.” This type of land drainage simply increases the
aetive drainnge area of a basin, Tt was reasoned, therefore, that this
type of Iand drainage can be evaluated on direct proportional basis.

Water Spreading

Water spreading, as practiced inn the Great Plains is of two types—
i.e., flow-type systems and detention-type systems. In the flow-type
systom, streamflow from the tributary area is diverted and spread onto
the irrigated aren. In the detention-type system, runoff from the
tributary area is temporarily stored above a dam for more slowly
and orderly spread on the irrigated aren. Water-spreading systems
nra alse classified as to dependubility of the water supply, as follows: ®

Design storm (6-hour
Class of system Descripiion duralion} frequency

Depeadable... ... . Frequent flooding can be 1.25-year frequency;
expeeted to provide 80-percent chance of
increased production occurrenee.
nearly cvery year,

Questionable Beneficial flooding; increased  2-year frequency;
production can be expected 58-percent chance of
about half the time. aceurrence.

Pudependable Uncertain flooding; inereascd  5-year frequency:
produstion can be expected 20-percent chance of
oceasionally. OCCUITCNCE,

The purpose of water spreading is to supply as much water to the
nrigated area as the vegetation can use. This objective and the de-
pendability of the systems provide 1 means of evaluating the on-site
or upstream effects of water spt‘eztding on runoff.

Because of uncertainties involved in this type of irrigation, the
systems should be considered to supply potentm] evapotranspiration

I8, DErARTMENT OF AORIGULTURE, SOIL CONSERVATION SERVICE, NEBRABKA
ENGINEERING HANDHOOK FOR WORK UNIT STAFFA. Part 14, p. 142 [No date.]
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for only those percentages of time shown in the class of system—=80,
50, and 20 percent, for dependable, questionable, and undependable
classes, respectively.

Pond and Reservoir Effects

In drvier climates, it is wxiomafic that farm ponds and reservoirs
must reduce streamflow, because they intercept and store water en
route downstream.  Evaporation from water stored in ponds and
reservoirs is generally much greater than was natural evapotranspira-
tion from the dry site betfore the pond or reservoir was construeted and
filled with stunding water. There wve, however, practically no re-
senrel dnta available on the overall effects of ponds and reservoirs on
water yields.

Ponds and reservoirs also lose some water by seepage through and
around the dams constructed to ereate the ponds and reservoirs and by
deep percolation into and through the sotls and geologic formations
underlying the sites. Tlow much of this seepage und percolation is
lost to streandlow depends on iis ultimale disposition,

Scepage, for instance, may creaie nowet avea in the valley below
the pond or reserveir, which supports luxuriant vegetation that tran-
spires essentially all of the seepage wafer, thux preventing its going
on downstrean. Tt was consitdlered that most sneh seepage water 1s
nsed on-site, henee isa loss to downstream wateryiclds. It was further
considered, however, that, since great eare is exercised in construct-
ing dams (o keep secpuge at & minimum, water losses by seepage, on o
watershed basis, are negligible ind need not be considered in evaluating
the effects of ponds on streamflow,

Deep percolation from ponds and reservoirs may be rapid or slow,
depending on the geology of the site. Percolation is practically zero
in many areas of the Great Plains where soil and subsoil conditions
are favorable,  In seathwestern Towa and western South Dalkota,
however, percolation is extremely rapid. In some of these and other
arens, percolntion is so rapid, in fact, that ponds will not provide a
relinble water supply for livesiock on the range.

Tt appears from the small amonnt of information available that the
clay (< 2 microns) content of the soil, or more particularly the sub-
soil, where ponds ure built is 0 good indication of the probable rate
of percolntion of water from ponds. The curve shown in figure § was
derived from the limited data available for use in estimating the
percolation rate from ponds and veservoirs.

Just estimating percolation was not sufficient. .\ judgment had to
be made as to the final disposition of such percolation. Ts it, or isn’t it,
lost from water vields? .\gain, the problem was rationalized as
follows.

Farm ponds are generally small in water-surface area and con-
structed well up on river-basin hillsides many feet above ground
water, Percolation from such ponds is likely to saturate a bulb of
underlying subsoil and geologic material beneath the water body.
Roots of vepetation and vapor transfer are likely fo remove water from
the surface of this saturated bulb about as fast as it appears. Such
percolnted water, therefore, would rarely reach gronnd water to in-
crense this body of water, lience increase hase flow., and thus perhaps
increase totul water yields. Tercolation from farn ponds, therefore,
was considered part of the “water cost " of such ponds.
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AYERAGE ANNUAL PERCOLATION, FEET
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Fovke G—Estimated avernge annual tates of percolation of witer stored in
ponds in relation to elay content of soil material (<2 microns) in which pond
tnsin is construeted.

Floodwater-retarding and other larger reservoirs, on the other
hand, are generally constructed well down the fributaries to rivers.
The bottoms of their basins are near, or may actuully inteveept, the
ground-water table. TPercolation from such structures, therefore,
probably soon builds a ground-water mound on the regional ground-
water table and percolation from floodwater-retarding reservoirs thus
becomes a part of regional ground water and augments water yields
somewhere, sometime.

There are other minor “water costs” of ponds and reservoirs. These
structures, particularly reservoirs, are equipped with prineipal and
emergency spillways. The more-or-less-permanent water surface is
ut the level of the principal spillway. During periods of runoff, the
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F1oURE 7.—Average annual class A pan evaporation in inches for 1946-55.
{From 0.8, Weather Bureau Tech. Paper 37.)
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Freure 8—Average annual lake evaporation in inches for 194655, (From U.8.
{Weather Bureau Tech. Paper 37.}
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periphery of the pond is inundated for varying lengths of time.
Water sonking into this peripheral ares may he retained and lost later
by evapotranspiration. It was reasoned that, on a watershed basis,
water thus locally consumed is negligible and need not be considered
in & study of a river basin,

Tt also takes water initially to soak up the site of a pond or reservoir.
Again, however, it was reasonad that such water use would be so small
on a watershed that it could be neglected.

Based on the reasoning outlined above, the “water cost” of ponds is
net cvaporntion plus percolation. The “water cost” of floodwater-
retarding veservoirs is net evaporation. To translate these on-site
water uscs into volumes that could be used to adjust streamflow,
several working tools were nccessary.

Pond and reservoir evaporation—Very little data are available on
pond and reservoir evaporation. None were generaily available in
watersheds being studied, to estimate the effects of the conservation
use and treatment of land on water yields. It was necessary, therefore,
to develop a method of estimating water losses from ponds and
veservoirs by evaporntion. It was also necessary that any methodology
developed tmust utilize data and information readily available. The
T7.S. Weather Burcau publishes records of class A land evaporation.
pans obtained at widely scattered locations in most States. Maps are
also nvnilable of the United States, showir « estimated average annual
pan evaporation and pond and lake evaporation (figs. 7 and 8). It was
reasoned that these records and maps could be utilized for obtaining
reasonable estimates of pond and reservoir evaporation.

1t was thonght that annual evaporation losses from ponds and reser-
voirs should vary from year fo year just as pan evaporation varies.
The ratios of annual pan evaporation to average annual pan evapora-
tion (computed from the total pan record, or read from the map in
fig. 7) could be used to adjust average annual pond evaperation (read
from map, fig. 8) to annual values for use in estimating prebable pond
etfects on water yields.

Further veasoning indicated that evaporation so computed repre-
sents too great an abstraction from streamflow, because the pond site
used water prior to construction of the pond. This original on-site
water use is a variable from place to place and year to year, depending
on precipitation and runoff from thesite.  In drier climates, unit area
runeff is very low; hence, on-site water use is nearly equal to rainfall
(could actualty exceed rainfail in pond sites obtaining additional
water from tributary arveas). It was concluded, in view of this, that
the net “water cost” from evaporation from ponds would closely ap-
proximate evaporation minus dirvect rainfall on the pond. This
method, therefore, was adopted for estimating evaporation losses, in
depth, from ponds and reservoirs. It was found, however, in a few
yenrs, that rainfall exceeds estimated evaporation, hence evaporation
minus rainfall resulted in negative values. Such values were entered,
in the computations, as zeros. :

Volumes of pond evaporation and percolation—The discussions
above of evaporation and percolation from ponds pertain to depths
of such losses—feet and inches. This lineal dimension does not indi-
cate volumes of water dissipated by these means. To convert these
Tineal dimensions into volumes of water, it was necessary fo develop 2
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method of estimuting average annual water-surface areas of ponds
and reservoirs. The water-surface ares of any pond or reservoir, un-
less fed by springs, varies—the water-surface aren decreases as evap-
oration and percolation occurs; increases as inflow exceeds losses. In
more humid climates, inflow events are frequent and ponds ure nearly
full all the time. The dvier the climate, the Jess frequently will the
pond be replenished and the smalier will the average water surface be.

Only very limited data are available on pond and small reservoir
stnges (an indieation of water-surface aren). The curves shown in
Agure § were devived from the limited duta available from Oklnhoma,
Texas, Nebraska, Wyoming, and South Dakota. Pond-stage data and
survey data on stage-capucities and stage-water-surface arens, with
consicleration of climatic conditions (frequencies and sensons of run-
off events), were used in developing these curves.

Transmission Losses

In the methodology for estimating effects of conservation measures
on water yields, developed as discussed above, the effects of land-treat-
ment practices pev se, such as contour tillage and changes in land use,

100
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Bry subhumid cimate

¥4

Semiarid ond arid cimates

SPILLWAY WATER SURFACE AREA

AVERAGE ANNUAL WATER SURFACE AREA

20 40 &0 8o 104
STAGE REDUCTION - % OF AVERAGE MAXIMUM DEPTH

Froure §.—Average water-surface aren nnd stage reduction by pereolation and/or
evaporation for ponds and flood prevention reservolrs.
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are estimated by use of percentages applied to the surface-flow com-
ponent of observed streamflow. ‘The effects of ponds, reservoirs, and
water spreading, however, are estimated as on-site water uses. Studies
of many river basins and research data indicate that on-site runoff or
water use does not necessarily reflect the resultant Josses that may be
expected nt some downstream point. Transmission losses in channel
systems tuke n toll of upstream runoff.? * 2

Tn the rational procedure, the downstream runoff (surface-flow com-
ponent) is “washed back” onto the wutershed and adjusted by per-
centages (developed from research data) for estimating effects of land
trentment. It was reasoned that this approach would essentinlly
eliminate the need to give further consideration to transmission losses
in estimating the effects of lund treatment.

Conversely, on-site loss estimntes, such as those from ponds and
water spreading, should be adjusted for transmission losses. Logic
would indicate that valley transmission losses should be roughly in-
versely proportionn} to the ratio of precipitation to potential evapo-
transpiration. When precipitation is low and evapotranspiration
high, vegetation on valley iand draws heavily on soil moisture to
considerable depths. This creates a large stornge capacity for water
prior to the next flood event, and hence results in high transmis-
sion losses. On the other hand, when precipitation exceeds evapo-
transpiration, precipitation tends to fill the valley soils to capacity and
thus leaves no storage capacity to store flood waters. The result is
Tow transmission losses,

This general theory was followed in developing the curve shown in
figure 10. Tt must be admitted that there was all too little factual
information upon which to develop the curve, but it is probably sub-
stantially near what actually occars. At least it is believed to be the
best that can be developed in view of our present state of knowledge of
this subject. Tt will probably be necessary to use this, or a similar,
curve until research may provide n better method for correcting up-
stream retentions of water by ponds to amounts that would have
appeared downstream had the ponds not been constructed.

Coneclusion

Tha rational method of analysis was developed slowly, step by step,
after many trials. It was apnlied to several watersheds in the devel-
opmental process, and, as refinements and improved processes were
developed, it was reapplied to the same watersheds. In early trials,
the methodology was applied to selected watersheds by use of storm-
rainfall and streamflow periods. Later, monthly and annual rainfall
and streamflow periods were tried. Comparisons of the results of these

Corxtan, Jous H. FLOW LOSSES TN DRY BANDY CHANNELS., Jour. Geophys.
Res. 66 : 1845-1853. 1961,

fgirare, A, 1., and Saxtox, K. E. TRANSMISSION LOSEES IN NATURAL SBTREAM
vALLEYS, Jour. Hydraul. Div,, Amer. Soe. Givit Engin. Proc. 88 (HY-§, Pt. 1) :
121142, 1942,

*ALnis, 3, A, Dracouw, F. T, and Smare, A, L. TRARSMT3SION LOSBES IN
VALLEYS OF LOESSIAL WATERBHEDS. Amer. Soc, Apr. Engin. Trans. 7 (3) : 200-212,
217, 1964
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Fiaure 10.—Effects of valley transmission losses on upstream unit-source-area
surface runoff en route to downstrenm gnging stations of large crecks nod
tivers ns related to ratio of avernge annual precipitation to average annual
potential evapotranspiration,

several time-period trials indicated that use of annual data vesulted
in estimates of effects practically the same as those obtained from use
of the more Iaborious storm and monthly time periods.

DATA TABULATION AND REDUCTION

Once it was decided, after n preliminary examination of the water-
shed, that estimates of the etfects of the conservation use and treatment
of land on water yiclded by streamflow were necessary and those parts
of the basin where such evaluation was required were delineated,
several categories of data were required. These included annual
streamflow divided into base flow and surface runoff (total flow less
base flow and possibly interflow), average watershed precipitation
by years, annual class A pan evaporation, average annual pan evapo-
ration, average annual lake evaporation, land-use data, data on conser-
vation treatment in the past, and estimates of conservation treatment
likely to be applied in the future. These estimates of future conserva-
fion treatment also contained estimates of land-use conversion; 1e.,
cultivated land likely to be converted to pasture, range, or woodland,
and vice versa.

It should also be pointed out, however, by way of warning, that the
conservation treatment of land is only one of many factors that may
affect streamflow. Other factors, nside from natural phenomena. that
may affect stremmflow include, but are not limited to, large reservoirs,
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diversions for one purpose or another, urban and industrial develop-
ment, highway and airport construction, logging, and forest and range
fires. An examination of the effects of these other factors was beyond
the scope of cooperative water yield procedures study.

Streamflow Data

The basic requirement for estimating conservation effects on stream-
flow (and most water-conservation planning) is streamflow records.
Such records are available for many larger creeks and rivers, but few
such records are available for smaller creeks. Such records, also, are
of virying lengths, ranging from a few to 35 or 40 years. Few con-
tinuous records are zwni]agle, except on very large vivers, for more
than 50 years. The source of most streamflow records is U.S. Geo-
logical Survey Water-Supply Papers.

n using streamf{low records for evaluating conservation effects, the
first decision that must be made is what water year to use—the normal
ona used by U.8. Geological Survey in its Water-Supply Papers,
October 1 to September 30; the ealendar year; or some other. 1t was
decided that the calendar year should be used in evaluating conserva-
tion effects, beeause (1) construetion of some conservation measures
extends past October 1; {2} the low point in evapotranspiration is not
reached until midwinter; and (3) most ¢limatic records ave reported
by ealendar years.

Regardless of the water year selected, it was necessary to separate
recovded streamflow into base flow and surface (storm or flood) runoff.
Tn a few areas, it was nlso necessary to isolate interflow (one form of
base flow), because it was a large component of total streamflow. In
most of the Great Plains, interflow Is relatively small and can be
ignored, In rough areas with highly fractured geologic formations
and thin, pervious soils, interflow may be large and must be considered.
Streamflow may be separated into its several components by any one
of severa] methods. These are explained in many texts and technical
papets. Regardless of the method used to separate observed flow into
its components, o reasonably approximate separation is required.

Tn a few cnses it. was also necessary to remove from annual stream-
flow the contributions by spring snowmelt on frozen soils. This part
of streamflow was treated separately for effects of storage structures
only.

Precipitation Data

Average watershed precipitation by years for the period of stream-
flow records was required. These data were tabulated by the water
vear selecied ns discussed above in the subsection on streamflow data.
Di}]fa E{rom all stations within and adjacent to the watershed were
utilized.

The problem of whether to use old station records that were dis-
continued and records from new stations that hiave been established
during the period of streamflow records immedintely arose. No hard
and fast rules were followed in these matters. If the old and new
records were very short, it was decided to ignore them. If they
covered most of the period of streamflow records, they were used. A
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comparison was always made of estimates of watershed precipitation
with and without the part-record stations, since it has been observed
that adding more and more stations to a network generally introduces
bius into estimates.* UTse of records from a few stations results, gen-
erally, in higher estimates of watershed precipitation than when a
greater number of stations are used. When such relations or compari-
sons were made during periods of concurrent records, the estimates
for the fow remaining years were adjusted. Relations established
during the period of concurrent records were used for the relatively
short periods when data from the discontinued old or newly estab-
lished rain-gage stations were not available.

Another problem was to determine what method to use in computing
watershed precipitation from the few and widely dispersed rain-gage-
station records that were generaily available. The two most fre uently
used methods are Thiessen weighted averages and simple arithmetic
averages. If the rin gages were dispersed reasonably and equally
geographically nround the watershed, a simple arithmetic average wns
used, which is just as relinble as one obtained by Thiessen weights.
If the gnges were not reasonably uniformly distributed, Thiessen
weighted values were computed.

Another method that was sometimes used was the preparation of
isohyetnl maps of the watershed for each year. This method is
laborious and did not improve estimates over arithmmetic averages or
Thicssen weights.o

Tt should be emphasized that none of these methods results in more
than guesses as to actual watershed precipitation. A study of the 89
rain gages on the 100-square-mile Sandstone Creek area in Oklahoma *
indicated that 4 rain gnges per township, uniformly spaced, are needed
to estimnte reasonably accurate watershed precipitation for storms.
However, only one or two rain-gage vecords per county were generally
avuilable in watershed studies.

Whichever method was used and regnrdless of what use was nade
of partinl vecords, estimates of nverage watershed precipitation were
commuted and tabulated for each vear of streamflow records.

U8, Weather Burean publications are about the only source of data
on rainfall.

Evaporation-Pan Data

Evaporation-pan data (Source: U1.8. Weather Bureau publieations)
were needed for each year of strenmflow records. It was a rare in-
stance when an evaporation-pan record was found for a station within
n watershed. Only a few such stutions per State have been operated.
In general, it was necessary to use evaporation-pan data from stations
at considerable distances from the watershed. Data from one, two, or
three pans were generally available, Evaporation pans are operated
only during periods of the year when the pans are not subject to
freezing. Tn northern climntes, the period of observation genernlly
extends from May through September, inclusive. Further south,

*Smare, A. T, OwsN, W. J., Ginss, A, E., and Harnrg, R, COMPARIBONS OF
ESTIMATES OF WATERSHEDR PRECTIPITATION. Unpublished.

TTHORNTIWAITE, . W. AN APPROACH TOWARD A RATIONAT CLASSIFICATION OF
CLIMATE. Geog. Rev, 38 (1) :55-94. 1948,
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April and sometimes Qctober may be added to the period of observa-
tion. In areas where freezing hazards are minimal, pans operate the
year round.

Two problems immedintely arose concerning the use of evaporation-
pan data. One of these wns to estimate evaporation during those
months when the pans were not operated. To do this, evaporation in
the month immec{inteiy preceding the first month of pan operation
was assumed to Lo half of the first month’s mensured evaporation.
Similarly, evaporution during the month following the last
month of operntion wus assumed to be half that of the lust month of
operation. [t was further nssumed evaporation would be negligible
during the remaining months of the year (the winter months). These
assumptions were based on potential evapotranspiration as reported
by Thornthwaite "nud others,

The other problem concerning the use of pan data was that of esti-
mating evaporntion in the watershed from pans many miles away.
Where only one pan record is available, this was ndjusted, percentage-
wise, on the basis of avernge annual evaporation maps available in
several publications, one of which is T.8. Weather Bureau Technical
Paper No. 37.  Figure 7 isa reproduction of one of the maps from the
above-mentioned pnper. Where o watershed was between two pans
or surrounded by three pans, the records of the pans were averaged,
either simply or by inversely weighting according to distances of the
puns from the watershed.

The average pan evaporation for the entire period of record was
nlso needed.  This average was computed from the data tabulated,
as discussed nbove,

Lake or Pond Evaporation

No daia are nvailable on amount of evaporation from Jakes and
ponds—except in very rare instances. These data were, therefore,
computed as follows:

1. The ratio of each year’s pan evaporation to the average pan
evaporation was computed, using pan-evaporation data obtained as
discussed hmmedintely above.

2. Average annual lake evaporation for the center of the watershed
{or venter of area of watershed where ponds are concentrated if they
are not uniformiy distributed over the watershed) was read from
figure &

3. The average lake evaporation obtained in step 2 was multiplied
by the ratios obtained in step 1 to obtain lake evaporation for each
year.

+. Annual watershed precipitation, ns computed and discussed above
in the section on precipitation data, was deducted from this com-
puted lake evaporation to obtain net pond evaporation.

A word of warning here—in more humid areas, it was frequently
found that net pond evaporation was a negative quantity. Even in
more arid areas, this occurred in very wet years. These negative
quantities will be obtained when annual precipitation exceeds lake
evaporation. They wers recorded as zeros in the tabulations.
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Pond and Reservoir Percolation

Local applicable data on Hmnd and reservoir percolation is almost
nonexistent. Estimates of this parameter, therefore, were computed
as discussed on pages 15 to 18.

Land-Use Data

Land-use data are available, on a county basis, from the UI.S. Farm
Census tuken each 5 vears, or annually from reports compiled or issued
by the States in cooperntion with Agrricultaral Statistieal Service,
U8, Depurtment of Agriculture. These reports generally have
acveages of principal crops planted and harvested. The acres.
harvested figures were used, since there is less chance of duplication
fhan in the acres-planted figures. .\ planted crop, if it fails for some
reason, may be replanted in some other crop.  Only major crops were
tabulated.  What was desired, eventually, was a tabulation showing
row crops, small geaing, pasture and meadow, range, and woodland.
This information was needed in order 1o know what parts of the
watershed were aflected by partienlar conservation-trestuient prac-
tices, and for determining the uses from which land-use conversions
were taken or will be taken.

As indicaied, data were generally on n county basis. Nearly always
county data had o be reduced to's watershed basis, since watershed
boundaries usually overlapped two or more counties. It was not
deemed safe, in such instances, to divide land use in the county on a
proportional basis {developed from areas of the county within and
without the watershed) because land use over many counties is not
uniform.  Rangeland way be concentrated in one part of a county,
wheat and fallow in another, and row crops is still another part. In-
formation on the uniformity of land use in a county was obtrined
from county agricultural extension agents, Agricultural Stabilization
and Conservation Service county committees, soil conservation district
officials, and Soil Conservation Servies work unit and area conserva-
tionists. These officials can usnally estimate percentages of various
land uses within and without watersheds, it they depart from per-
centages based on proportions of ureas.  (See example, tuble 2.)

Fand-Treatment Data

Before data on past, and estimated future, land uvse and treatment
were obtained, it was necessary to select those uses and treatments for
which data were to be obtained. This required an examination of
those treatment practices prevalent in, and recommended for, the given
watershed. In preparing to obfain data on land treatment, therefore,
it was necessary to obfain preliminary and general information on
locul conditions and trends, the prevailing land-use and land-treatment
practices, and estimates of future developients.

The land-treatment and other practices that were considered effec-
tive in changing water yields, and for which data should be obtained,
are:

1. Level closed-end terraces {(generally contour tilled) ;
2. Level open-end terraces (generally contour tilled) ;
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Contour tillage with or without graded terraces;
Land-use conversions;

. Irrigation;

Water spreading;

Drainnge (pothole) ;

Fuarm ponds; and

. Floodwater-refarding reservous,

D 0 1 T B 00

Data on land-treatmenf measures were obtnined from Soil Conser-
vation Service reports { form 193) through June 30, 1961.  In 1962, the
Soil Conservation Service inaugurated n new machine-reporting sys-
tem and now prepares form 253 to report progress in establishing con-
servation mensures and practices. These records were not always
available for the entire period of streamfiow record. An example of
the kind of data available is shown in {able 3. Treatment of these
data—nrer converted to grass, avea terraced {synonymous with area
contour tilled), and farm ponds—is illustrated in fgure 11

To reduce the data in table 3 to usable form, it was necessary to make
some interpolations and extrapolations.  Smoothed curves for these
purposes are also shown in figure 11. These smooth curves were ex-
(encled back in time to values estimated by Soil Conservation Service
work unit conservationists. On the busis of their general knowledge
of the nreas, they can generally estimate when vavious practices first
began to be installed or the quantity of various measures that were in
place al the beginning of streamflow records. These points aided in
extrapolating the available data.

The data for each work unit within, or partially within, the river
basin heing annlyzed were separately interpolated or extrapolated,
rinther ihan combining all the data for the watershed, then interpolat-
ing or extrapolating them in one operntion.

Onee land-treatment data were obtained for Soil Conservation
Rervice work units and interpolated or extrapolated, it wns necessary
to reduce such work-unit data {often on a county basis) to a water-
shed basis. .As with Innd-use data, it is not safe to allocate work-unit.
data to a watrrshed on the basis of areas of the work unit within and
without the vwatershed. Soil Conservation Service work unit and arven
conservationisrs, other conservationists, Agricultural Stabilization
and Conservation Service counly commitéeemen, and county agricul-
tural extension agents are best equipped to estimate, practice-by-
practice, the proportions of work-unit data within watersheds. In-
formation on these maiters was obtnined at the same time the data
were compiled.

Pond and Reservoir Data

Tn addition to number, the following information was obtained
separately for farm ponds and for flood-prevention reservoirs:

1. Average drainage arveas tributary to the ponds and reservoirs.

2, Average water-surface areas of ponds and reservoirs at principal
spillway level.

3. Average maximum depths of ponds and reservoirs below principal
spillway level.

4. Average clay content of earth material in which the ponds and
reservoirs are constructed.

5. Data on stage-water surface areas for ponds and Teservoirs.




Tasee 2—Data available on crops harvested, county D, walershed example
Row crops Small grain | Percentage
in—
Total L
Year Sorghums Total culti-
Corn Soy- iSummeriTotal row Wheat Oats |Barley: Rye small vated Row | Small
beans| fallow! | crops grain crops | grain
Grain | Forage
Acres Acres | Acres |Acres!  Acres Acres Acres Acres | Acres | Acres| Acres Acres
1930_._.} 115, 493 39 | 2,315 | .. 117,847 | 107,076 {34,136 | 1, 608! 524 | 143, 344 201, 191 45 55
1931.__1 124,400 40 [ 1,840 (oo o.C 126,280 | 496, 930 (34,250 | 2,070]. 490 | 133, 740 | 260, 620 48 52
1932_...1 149, 840 30 2)120 (ool s 151, 990 48, 580 (54,800 | 3,320 - 320 | 107, 020 259, 010 59 41
1933____1 141, 510 60 | 2,600 |_.__|o_.____ 144,170 | 73, 330 136, 810 | 2,300] 400 | 112, 840 | 257, 010 56 44
1034____| 64,780 330 14,4901 ____|____.___ 69,600 | 40,290 {__._.___l____._ 30 | 40,320 ; 109, 920 63 37
1935..-.} 99,580 | 3,270 | 2,810 |__.__|.______ 105, 660 | 93,300 38,930 | 2,160!2, 410 | 136, 800 | 242 460 44 56
1936..__{ 91,770 780 11,840 | ___J________ 94, 390 | 101, 200 |26, 180 | 2,900i1, 660 | 131, 940 | 226, 330 42 58
1937_...1 85,590 | 1,460 | 2,230 |.____ 5,200 | 94,480 | 132, 570 {24, 810 | 2, 250/1, 660 | 161, 290 255, 770 37 63
1938..__| 88,870 | 3,220 | 4,720 |._.__ 5,000 | 101, 810 | 140, 470 {32, 950 | 4, 730]1, 200 | 179, 350 281, 160 36 64
1939.._| 83,8301 6,390 (12,910 |.____ 21,000 [ 124,130 1 102, 950 (29,310 | 6, 800i2, 350 | 141, 410 265, 540 . 47 53
1940..-.1 72,870 | 15,230 (19,590 |..___ 32, 900 | 140,590 | 58,440 [40,500 (14, 620] 890 | 114, 450 255, 040 55 45
1941____1 -85, 300 |- 10, 850 {19, 230 |_____ 132,160 | 147, 540 22,770 |56, 430 |31, 610} 790 | 111, 600 | 259, 140 57 43
1942____| 88,680 | 6,190 {10, 600 |- __.. 28,590 | 134,000 | 79, 610 |35,450 |19, 570{2, 040 | 136, 670 270, 730 50 50
1943..__1 114,140 | 3,800 | 6,060 | 130 410 | 124, 540 | 75, 680 (54, 770 11, 780[1, 450 | 143, 680 | 268, 220 46 54
1944____| 128, 630 7,960 | 5,850 | 100 870 | 143, 410 62, 660 (50, 960 | 3,490| 800 | 117, 910 261, 320 55 45
1945____1 110, 330 970 1 3,710 ' 10 450 | 115,470 ! 101, 760 150, 720 5000 500 | 153,480 1 268, 950 43 57
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1946 ..
1947 ...
1948....
1949. .-
1950......

1951 ...
1952
1953..--
1954,
1965 .«

1956.. -
1957 ...
1958 ...
1959 ...

109, 830
107, 020
107, 580
123, 540
105, 570

108, 730
107, 970
100, 490
104, 610
83, 460

80, 950
73, 150
82, 470
98, 470

830
610
1,210
2,170
10, 280

2, 240
1,870
6, 270
26, 390
31, 230

43, 120
63, 880
66, 660
60, 450

2
L

1, 280
3,250
3, 250

1,270
6, 560
2,160

600

800
1, 350
3, 230
3, 360
3,500

2, 500
2, 670
6, 000

12, 020

11, 600

15, 120
28, 000
25, 000
14, 500

115, 180
110, 530
113, 880
132, 200
121, 120

116, 010
114,730
123,630
146, 910
130,320

140, 890
172, 530
176, 330
174, 050

113, 210
123,270
908, 140
85, 160

101, 170

103, 260
111, 240
104, 370
88, 970
77, 890

84, 240
77,390
80, 010
81, 900

160, 650
156, 040
142,050
120, 120
142, 550

133, 850
142, 620
136, 410
116, 630
104, 680

104, 140
89, 660
91, 650
91, 920

275, 830

. 266, 570

255, 930
252,320
263, 670

249, 860
9257, 350
260, 040
263, 540
235, 000

245, 030
262, 190
267, 980
265, 970

! Tncluded with row crops because of similar runoff characteristics.

o
=
<
b
[y
o
T
’2"
=
=
v
3
=
]
.
)
=
[=]
Q
9]
o
[=
o]
o
=]
Z
w
3
=
=
E;
[
Q
Z

Le




8¢

)

o
I

S

LAND USE CONVERSIONS {1000 ACRES)

Land conversions reported
Interpolated

-

[

Terraced land reporied

Interpolated

=
I
i

STOCK PONDS (HUNDREDS)
[#3)

wn

T~ Interpolated

vy
w
o
)
<C
o
[
o
o
=
T
-l
(=
Gt
[= <4
poee
(=
P~
4
o
L)
o
=
g
[
wd
w
<
o
[~ =<
w
—_—

0
1940 1955 1960

YEARS

~N
¢Se1 NILATINHE TVOINHOIAL ‘FUALTADINHV “Iddd ‘SN

Fieure 11.-~Interpolations necessary to reduce data on land treatment contained in SCS form 195 to usable form, Leedey,
" Okla., work unit.
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Tasrk 3. —4 record of land-treatment data applied in the Leedey
Work Unit of the Washite River basin, Okla., as obtained from
SCS-195 reports

Year Land-use Stock Terraces Remarks ?
conversions ! ponds
Acres Number Aliles

[ F - S, I, 534 55 450 | From 195B.
1949, e 1,283 104 625 1 From 195,
1950, & i c o cm i i aaas I, 260 130 610 | From 195B.
198] L e ece e e i, 444 173 828 | From 195.
151 S i, BOG 218 884 | From 195,
|3 3 S 4, 653 191 788 | From 195B.
YOS L . 5, 156 211 8006 | From 195B.
151537, S e 6, 018 255 816 | From 195B.
0956, ... oo .. 6, 258 278 819 | From 195B.
R 6, 227 330 860 | From 195B.
Rt 5. S 7, 747 354 881 | Trom 1956B.
P59, oo oo 9, 364 397 502 | From 1958,
1060 . . ..., 1%, 531 422 915 | From [35B.

¢ Application of this practice, which consisted of seceding cultivated Innd fo
range is estimated to huve begun in 1943,

T P'orm 185 is a report for the enlire soil conservation district; form 195B is
for that part of the Soil Conservation Distriet in the Washita River basin.

As was indicated earlier {see fig. 6, p 16}, the percolation rate of
water from ponds is intimately related to clay content of the materinls
in which the ponds are constructed {although this relation varies with
typesof clay).

Aversge drainage areas were required in order to determine if
surface runofl from nreas tributary to the ponds and reservoirs was
suflicient to supply losses from percolation and evaporation. In dry

rears, puarticularly, surface ranotl, rather than evaporation and perco-
ation, may limit the “water cost™ of ponds and reservoirs.

Average water-surface areas of ponds and reservoirs at spillway
jevel, nvernge maximum depths, and stage-water-surfuce-aren data
were required for estimating the average annual water surfaces to use
in conjunction with percolaiion and evaporation or with evaporation
to compute volumes of on-site water loss. For farm ponds, particu-
larly, no data were generally available on stage-water-surface-nren
relations.

Data on stage-water-surface areas of floodwater-retarding reservoirs
are genernlly available.

Soil Conservation Serviee is about the only source of data and
information on ponds.
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APPLICATION OF THE RATIONAL METHOD
TO WATERSHED EXAMPLE

Introduction

The application of the rational method (pp. 30 to 47) for estimating
the effects of the conservation use and treatment of land on water
yielded by streamflow is illustrated. The purpose is to obtain an
estimate of the water that will be available from streamflow under
watershed conditions likely to prevail in 1985, and not to correct
historical streamflow fo n watershed condition without conservation
treatment. This latter could e accomplished if such information
were desired.  This would entail computing corrections for land treat-
ment actually in place during the period of record, rather than com-
puting corrections for the differences in treatment actually in place
and those estimated to be accomplished by 1985. It should be recog-
nized that this method does not give counsideration to the numerous
other factors, such as highways and urban and suburban development
that also may influence water yield.

The watershed chosen for this example has a drainage avea of 2,206
square niiles, or 1,469,440 acres. It isin the dry subhumid zone. All
the watershed is farmed (no rough-broken, sandy, or shallow-soil areas
to be omitted) in general crops, meadows, and pasture. There are
no extensive forested, and only limited range, Yands within the water-
shed. The watershed contains parts of eight counties. ®ach county
1s organized into.a Soil Conservation District. Some fictional data
were mtroduced to make the example as complete as possible.

A small watershed-protection and flood-prevention project was
initinted in 1948 and essentially completed by 1960 in the watershed.
A total of 152 floodwater-retarding reservoirs, out of & planned 160,
were constructed under auspices of this program by 1960.

One small part of the watershed is devoted primarily to range and
has some small water-spreading systems installed. This area is not
above ponds and floodwnter-retarding reservoirs, and the land above
the diversion works has no conservation treatment (other than range
treatment, which is not evaluated in the rationnl procedurs); hence,
this small area was evaluated separately.

The land tributary to ponds has normal conservation use and treat-
ment, and arens tributary to floodwater-retarding reservoirs have both
land treatment and ponds. These several practices and measures were,
therefore, evaluated consecutively—land-trentment-measure effects
ware evaluated first, then farm ponds, because land treatment affects
mmflow to ponds. The floodwater-retarding reservoirs were then
ovaluated, as both land-treatment measures and ponds affect inflow {o
them.

Basic Data

The basic data (that concerning streamflow, climate, etc.) required
fo evrluate the effects of the conservation use and treatment of land
on water yielded by streamflow of a watershed example are shown in
table .
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LandUse Pattern

As has been indicated earlier in this bulletin, it was necessary to
obtain patterus of land use in the watershed under study. The water-
shed example contains parts of eight counties, designated A, B, G,
etc. Crops harvested each year of runoff records were tabulated, The
datn were obtnined from annual reports prepared cooperatively by
Statistical Reporting Service, USDA, and the State board of
agriculture.

An example of the data available for county D is shown in table 2.
The percentage of cultivated land in row crops, year by year, and the
averzge For 1930-53 are shown in figure 12. The percentages of row
crops and small grain, 52 and 48, respeclively, were needed later to
waight the effects of certain land-treatment practices. Ifstrong trends
in changes in crops had been found, averages of cropping patterns
would not have been used ; rather, cropping paiterns year by year of
tha record would have been used.

Evaluating Effects of Land Treatment

The watershed example contains parts of eight Soil Conservation
Districts (counties). Data on the installation of those land-treatment
practices that appear to affect water yields—Ilevel open-end terraces,
contour tillage, converting cultivated land fo pasture, irrigation, pot-
hole drainage, and water-spreading—were obtained from form 195
maintiined T)y the Soil Clonservation Service. Part of these data was
available in the Seil Conservation Service work unit offices, and the
older data were available in the Soil Conservation Service State office.
An illustration of the type of data available is shown in the first sec-
tion of tuble 5. No lavel terraces were listed as practices in county H.
The Soi} Conservation District was organized in 1939, and its first
year of operation was 1940,
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Fiavre 12.—Percentage of total cultivated land in row crops (feed grains) in
elght counties partially within watershed example, 1930-50.
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Tape 4~Basic data required to compute effects of the conservation
by streamflow,

[Drainage area=2,296 square

Ratio:
Ratio: snnual
Annual ; annual | Annual | evapora-
Observed water- | precip- pan tion to
Calendar | stream- shed | itation | evipo- | average
year flow precip- {0 ration? | annual
itatisn! | PET? evapari-
tion

@ 3 4 (3) (8 8

1,600 1,600 1,000
acre-feel | acre-feet | aere-feei | Inches
184 112 3 27. 4

139 26,
181 27,
112 21,

31 12.
30.

157.

198,
157.
111.
110,

89.

84.
34,
108,
123.
30.
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464,

See foetnotes at battom of page 84.
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use and treatment of land and watershed treatment on wuter yielded
watershed example

miles, or 1,469,440 aores)

Lake evaporation
Lake Net plus percolation
evaporn- | Effects | Ratio: lnke ng pereentage of | PET
Lake tion minus | of level |upstreanm| evapo- | average depths minus
VA pOri- direct closed- [to cdown-| ration of — antianl
tion * precipi- end stresm plus precipi-
tation 3 jterraces ®| runeff T | perco- tation !
Intion * | Ponds ¥ | fceser-
voirg 10
{9) (10) (11} (12) (13} (14) {19) (16)
fnohes Inches Percent Inches | Percenl | Percent | Inches
54,2 26.8 40 L. 18 56.8 39 24 2.6
54.2 28. 0 46 1,22 58.0 40 24 3.8
50.9 23.2 39 1.17 53.2 37 22 2.3
a0, 4 2000 69 1. 42 59. 0 41 25 8.6
69. 1 56.8 04 2. 52 86.5 G{} 36 17.7
38. 4 8.4 28 111 38. 4 27 16 0
G61.0 46.0 90 2.00 76.0 HE 32 15.0
49,9 3.5 52 1. 62 6l.5 43 26 11.6
14. 6 18,1 45 1. 20 48. 1 33 20 3.5
61.4 $1.4 75 1.49 7L 4 50 30 10. 0
58. 1 43.13 91 2.04 73.3 51 31 15.2
571 25.7 21 1. 08 85.7 39 23 0
40. 3 6.5 13 1.05 36.5 25 15 0
41.3 19. 4 66 1. 38 49. 4 34 21 8.1
35,0 2.6 18 .07 32.6 23 14 0
30.4 9.7 20 1.12 39.7 28 7 0.3
45.6 228 62 1,34 52.8 37 22 7.2
47.0 17.6 31 1.13 47.6 33 20 0.6
51. 4 25,2 46 1.21 56.2 38 23 3.8
41,3 3.8 5 1.02 33.8 23 14 (i
4.1 4.4 28 111 34.0 24 14 0
35.0 0 1 1.00 30.0 21 12 0
18.0 21.7 15 1. 20 51.7 36 32 3.9
52. 8§ 32.8 75 1. 49 62. 8 44 26 10.0
48. 3 2201 45 1. 20 a2.1 36 23 3.6
59.0 40. 4 5l 1. 59 70. 4 44 29 1E. 4
a7 37.3 85 1. 70 67.3 47 28 12.6
37.4 | 6.2 22 1,09 36. 2 25 15 0
: 38.9 7.0 20 1.08 37.0 26 15 0
: 43. 7 15.2 35 .13 45.2 31 19 L.5
! 44. 2 12.3 20 1.08 42.3 29 18 0

;
1
i
|
13
|
1
P
|
i
1
|
i
1
1
]
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TasLe 5—Conservation practices

Practices in Soil Conservation district {eounty)

Year? Conver-

Contour | Pands ¢ | Terraces Trriga- Drain- sion
tilled 3 tion ¢ age s seeding 7

Aeres
1, 339

7, 280
10, 278
14, 503
18, 270
21, 037

23, 300
24, 686 i 553
26, 604 - 823
31, 059 : 2,323
34, 160 2 : 2, 897

39, 627 7 3, 377
44, 001 3, 539
31, 168 : ' 3,873
32, 304 4, 666
34, 530 5, 141

—
—

=]

-
Ha IONNLZ O

36, 359 2 5, 256
37, 479 . 5. 376
38, 171 5, 306
41, 508 5, 263
22, 000 43, 000 5, 400

Fyotnotes for table 4.

' Obtained by Thicssen-weighting seven precipitation stations.

* PET—Average annual potential evapotranspiration, 30 inches, from map
after Thernthwaite (Gg. 1}.

'April through October records plus Mareh and November cstimates of o0
percent of April and October cvaporntion, respectively.  1939-60 data from sta-
tion in wutershed. 1030-38 dats from station 100 miles away, adjusted by
correlation during years of common record.

! Lake evaporntion=rulio of annual piun evaporution to averuge anunual pan
cf\i'upg;ation average of column 7) multiplied by average annual lake evaporation
(6g. 8).

* Negative values entered as zeros.

® ¥alues read from curve showing cfleets reluted to climute, figure 5, entered
with values from column 6.

T Read from ecurve of trunsmission losses, figure 10, entered with walues in
column 6.

# Column 10 plus 2.5 feet, or 30 inches, read from eurve of percolation losses,
igure 6, at 35 percent clay content.

? Column 13 multiplied by '%G;-O, divided by 12 fect, avernge depth of ponds,

1 Column 13 multiplied by J%g, divided by 20 fcet, average depth of fAood-
water-retarding reservairs.,

' Potential evapotranspiration of 30 inches minus column 5. Negntive values
recorded as zeros.
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in county H, watershed example’

Estimated practices in witershed ¥ Adjusted practices in watershed ®
Conver- Conversion
sion sceding

Contour | Ponds | Trriga- | Drain- | seeding | Contour Ponds

tilled tion nge tilled

Peor | Good
land land
Nuwi-

Aereg ber Acres sleres Aeres Acres Aeres | Aeres | dAeres
937 b} k5 11 2 57 937 Y S N 9
5, DU 20 1510 0 S 3448 5, 094 700 ..., 9
7. 195 0 400 ... . 1, 741 7,195 | 1,200 ... __.. 10
1}, 152 a7 A0 | ..o 2,314 7 10,152 1 1,700 ... __ 11
12, 754 0 544 73 L,G76 { 12,780 | 2,100 |...____ K
15, 356 3 T00 216 1,721 | 15,386 | 2,400 |__...__ 53
iG, 373 18 800 513 2,059 | 16,373 | 2,800 |.._.._. LB
17, 280 13 1, B0 553 3,488 | 17,280 1 3,100 |.._.__. >
20, ¥i3 20 1, 136 824 3,410 | 18,600 § 3,400 .. ____ 28
21, 762 30 1,370 1 2,323 4,170 | 19,600 | 3,700 ... 35
28,02 413 {,730 | 2, 897 4, 403 | 20,600 | 4,000 {____... 44
27,739 56 2,170 1 3,377 4, 868 | 21,500 | 4,200 |______. 56
340, 801 71 2,250 | 3, 539 5,352 ] 22,300 | 4,500 .. _.. 63
21, 818 68 1 3,800 © 3,873 4,614 1 23,200 | 4,614 | . 67
22, 613 60 ] 7130 4666 (1 1,908 ! 24,0007 4,908 | 60
24, 171 70 % 13,550 | 3, 141 5,107 ¥V 24, 171 | 5,107 {_______ 70
24, 451 73 | 24,730 | b, 256 5,282 | 25,451 | 5,282 |___.___ 73
24, 200 74 1 38,4900 | 5, 376 5,649 1 26,200 1 5, 649 j_o-.--. 74
26, 720 75 ! 10, BOO | 35, 396 5,867 | 26,700 | 5,867 |- ..._ 75
29, 260 82 1 .42,000 1 5 265 ¢ 10,399 | 27,400 | 6,000 | 4, 400 82
15, 400 86 E 13, 000 1 5,400 ] 10,068 | 28,000 § 6,200 | 4, 770 86

Footnetes (e table 3.

182 percent of county, 500 square miles in walersked, county uren=£610
aquare miles,

31040 is first year of operation of Soil Conservation District.

1 Estimated 70 pereent within watershed,

¢ Estimated 82 percent in wuatershed.,  Water surface=1.5 aeres, crainage
aren = 120 necres, naverage depth =4 feet, clay content=238 pereent.

s Estimaled 70 percent in watershed. No level terraces; all are grvded and
all the acreage contour tilled.

¢ Kstimated 100 percent in watershed,

7 82 percent in watershed.

* Quaniitics in Soil Conservation District multiplied by percentages in watershed.

* From smoothed curves in figure 13,

Thu Soil Conservation Dist rict data were reduced te the percentages
shown in the footnotes of table 5 of the watershed exanmple. The
irregular graphs of watershed data in figure 13 were smoothed, and
the adjusted values read from the interpolated curves for entry in
the adjusted practices seciion of tuble 5.

The data in each Soil Conservation Distriet were treated similarly
to thoso disenssed nbove. The individual Soil Conservation District
adjusted data were summnrized as illusteated for contour tillage n
inble 6. Estimates of increases in contour tillage likely to be instailed
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1955 1940
YEARS

Fuarre 13,—Graphs of land trestment practices. county H, used to adjust data
for wutershed exnmple.

in the several counties by 1985 are shown near the bottom of table 6.
The total contour-tillage averuges expected in the watershed example
by 1885 are the swus of practices in effect in 1960 plus the estimated
increases by 1985, Incidentally, actual estimates to 1985 were for each
Soil Conservation District (county) ; hence, had to be adjusted on the
basis of percentages within the watershed, just as the installed Soil
Conservation District practices were adjusted.

Onee the data on land-trentment practices were summarized, their
offects on water yields were evaluated as shown in tables T to 12,
inclusive. The index of effects for each practice from table 1 had
to be weighted for percentages of land in row crops and small grain,
52 and I8 percent, respectively (see fig. 12) since the indices in table 1
are related to runof? from row crops as a base. The weighting of these
mdices, us shown in footnotes of the tables, resulted in a weighted
factor orindex arrived at us follows:

(RCY (ROTL) + (8G) (SGTI-S8G1)
100
Where RC=Average percentage of clean-tilled land in row crops=352
percent in watershed example.
RCTI=TRow-crop-treatment index from table .
SG=J\verage percentage of clean-tilled Jand in small
grain=48 percent in watershed exumple.
SGTI=Small-g@rin-treatment index from table 1.
SGI=8mall-grain index (as compared to row crops—®.3)
from table 1.

Factor=




TanLe 6.—Ilustration of summarization of adjusted individual land-treatment practices, counties in watershed
example

Contour tillage by counties—
Total in
watershed

B C E

Acres | Acres Acres
949

5, 196
7, 355
12, 649
16, 818
20, 743

23, 835
28, 092
31, 676
34, 229
37, 766

40, 496
42, 627
43, 246
45, 055
13, 850 46, 572

14, 448 48, 956
15, 342 51, 003
15, 946 52, 640
18, 094 57, 081
18, 958 58, 993

MOTINVAULS NO JHNAID0Ud V 40 ILNANJOTIATA

Istimated increase by 1985 5, 000 67, 980
Totals in 1985 ~ ' 23, 958 126, 973

LS
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Tante T.—Computation of effects of level open-end terraces (with
contour tillage) on surface runoff, watershed example

Level terraces (open-cnd)
Effects of | Decrease
Effects of | terraces | in water-
Increase as| terraces | on water- | shed run-
Actunl Incresse |percentage] on runoff 3 | shed run- | off due to
in piace | to 19851 | of water- off ¢ terrnces
shed 2

n 3 ) (5) {6) )]

Aerey Percent Percent Percent Acre-fee!
1038, . 51, 782 3. 52 22, 0. 78 640

1930 __ 51, 782 .52 25, .90 360
1932 . - 51, 782 3. 52 21, .76
1933 - 51, 782 3. 52 38. .35
1934 51, 782 3. 52 52. .84
1935_ . 51, 782 3. 52 5.

1936 ___ 51,782 . 52 50.
1987- - 51, 782 3, 52 15,
1938 ___ 51, 782 3. 52 25,
1939 __ 81, 782 3. 52 1.
1940727 51, 782 3. 50.

1941, .. 51, 782
120 51, 782
1943 - 51, 750
19444 51, 755
1945____ : 51, 599

1946 __ 51, 193
19470 49, 057
1048 . C 5 46, 723
1049 __ 45, 836
1050 - 41, 861

195 . 3] 38, 446
1953 ___ 356, 202
1953__ .. : 32, 306
1954____ 31, 493
1955, ... 3 30, 168

1956. . - . 5 29, 030
1057 27, 601
1958 . 26, 727
1959 .. ' 25, 644
1960____ 26, 565

11,

7.
36.
10.
16.

oIkl OISO ML= [ ]

41,
25.
45,

47.
12
11
14,
Il

[STCIEE T
El = Xl & [ R BN o B -] 00 o BRI

ok ot ot ok

' Total expected in 1983, 51,782 acres minus column 2,
* Column 3 muitiplied by 100, divided by 1,469,440 acres.

(52 (row erops) X 0.7) 4 (48 (small grain} X (0.7—0.3))
e AT Thlads id

! Factor= =0.536.

Fuetor multiplied by colummn i1, of table d.

* Column 4 multiplied by eolumn 5, divided by 100.
* Golumn 68X column 4 of table 43¢ 1,000.

100
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Tasre 8.—Computation of effects of contour tillage on surface runoff.
watershed example

Countour tillage
Effects of |Dceerease in
Effects of ¢ contour | waiershed
Year Increase conlour | tilluge on runcil

Actual Inerense us per- tillage on | watershed | due to

in plnee | to 1985 ' | centage of | runoff ? runoff 4 contour

watershed tillage

{t (% 8 4 (5) (6) 7

Acrey Acrey Percent Percent Percent Acre-feet
1930, e iaea- 125,973 8. 64 16. 2 140 1,148
Lt 3 IR [ 126, 973 8. 64 8. 6 1. 61 644
1932 foeeicamn 126, 973 8. 6 15. 8 1. 35 1, 006G
1933 . ..o .. 128,973 8. 64 27. 48 2 41 578
1Lt = S DA 126, 973 8 64 38.0 3. 28 131
1935 . ... 126,973 8. 64 1.3 . 98 1,401
31N Y DU 126, 973 8. 64 36. 4 314 754
137 e 126, 973 8 64 33. 1 2. 86 915
R h N I 126,973 8. 64 i8. 2 1. 57 i, 272
[R5 5t SR 124,973 8. G4 30.3 2, 62 2,122
1940, . 949 126, 624 8. 58 36. 8 3. 16 171
1941 ... 5, 186 121,777 829 8.5 . 70 1, 255
19420 . 7, 355 119, 618 8 it 3.3 .43 757
43,0 12, 649 Tid, 324 7.75 25.7 2.08 2, 687
1944._ ..} 16,818 | 110,155 7. 50 7.3 . 55 1,047
1945, ... 20, 743 106, 230 7.23 1.7 . 85 2, 182
1946, ... 23, 835 103, 138 7.02 25.0 1. 76 1,119
W47 28, 052 98, 881 6. 73 12. 5 .84 1,981
1948, ... 31, 676 a5, 207 8. 44 18. 6 1. 21 2, 092
1949, ... 34, 229 92, 744 6. 31 2.0 .13 70
1950 ... 37, 766 89, 207 8. 07 1.3 . 69 1, 666
1951 ... 4, 496 88, 477 5. 88 .4 .02 105
1952, . 42, 627 84, 345 5. 74 18.2 1 o4 1,419
1053, . 43, 246 33, 727 5, 70 30.3 .73 555
1954 _ .. 15, (55 81,918 5. 57 18. 2 1. 01 783
19565, . _ . 46, 572 80, 401 5. 47 32, 7 1.79 1,108
1956.. .. 18, 956 78, G17 5. 41 343 1. 82 719
IR H Y SR 51,003 75, 470 517 8.4 . 46 928
1958, ... 52, 640 74, 333 5. 06 8.1 .41 881
te59. . . 57, U81 60, 802 4. 76 i1 . 87 1,214
1960 . 58, 993 87, 980 4, 83 81 .38 1, 269

t Totnl expected in 1985, 126,973 acres

3 Factor on offects of contour tillage equals

minus colummn 2.
1 Column 3§ multiplied by 100, divided by 1,469,440 acres.

100

Multiply factor by column 11 of table 4.
¢ Column 4 multiplied by column &, divided by 130,
3 Column § multiplied by column 4 of table £3{1,000.

100G
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TasLe 9—Computation of effects of seeding poor land to grass on
surface runoff, watershed example

Poor land seeding Effects of | Dwecrense
Effects of | seeding | in water-
seeding | poaor land | shed run-
Incrense asf poor land |to gmss on| off due to
Actunl In | Increase to] percentuge| to grass | walershed seeding
place 1085 ¢ [ of water- jon runoff 3| runaff ¢ { paor land
shed * to grnss

(1 (3) 1S3 (5) (6) (M

Acres Pereend Perceni Percent Acre-feet

1930, . .1 .. 10, 267 74 10. 24 0. 28 230

74 i1. 78 .32 128
74 . G8 .27
74 17, 66 .48
74 24 06 . b8
74 7. 20

T4 23. - 63
T 20 . 58
74 11, .32
71 15, - B3
T4 23. . 64

8a
66
61
59
g+

1931.._. 40, 267
1932 . 40, 267
1933 ... 40, 267
1934 .. 10, 267
1935, . .. _ 40, 267

1936.. .. 10, 267
1937_.7 0 40, 267
1938 ... A0, 267
1930 ... 10, 267
1940 .. - 40, 210

1941 ... 39, 567
1942_ . 34, 067
1943 __ . . 38, 414
1944 .o 38, 007
1945, ... 37, 353

1046 - : 36, 050
1047 35, 511
1948_ - . 34, 371
1949 - 33, 711
1950_ .. 32, 557

1951 ... 31, 626
1952, _ . - 30, 521
1953 .- . 75 29, 513
1954. ... LT 28 463
1955 . __ 27, 092

1956. . .. 28, 043
1957 24, 192
1058 ... 23, 048
1950, .- 21, 582
60 .. 20, 020

e T I

.14
L9
-
.12
.19

.39
.19
.28
.03
.16

_
M NG NE@LEn

45
42
34
29
22

1a . .01
08 .24
1 . 39
94 .22
84 .38

FEREN DRENR RPN

[ R -
emer

_____
oo Lo

.08
.08
13
07

! Total expected in 1985, 40,267 acres minus column 2.
* Gelumn 3 multiplied by 100, divided by 1,369,440 ncres.
1 Factor on effects of converting poor cultivated land to grass equals

(62304 (table 3)) 4 (18X (0.4 —0.3) (table 3))
100

Multiply factor by calumn 11 of table 4.

! Column 4 aultiplicd by column 5, divided by 100. .

* Column 6 divided by 100, multiplied by column 4 of tahle 4, multiplied by
1,004).

=(.256.
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TasLe 10.—Compulation of effects of seeding good land to grass on

surface runoff, walershed example

Good lund sceding Effects of | Effects of | Decrease

seeding sceding | in water-

good land | good land | shed run-

Yeur Incresseas| to grass to grass 1 off due to

Actunl in | Increase |pereenlugs on on seeding

place to 19851 { of water- | runoff 3 | watershed | good land

gshed 2 runeff ¢ | {o grass S

(1) (% {3 S} (5) (6 M

Acres Acres Percent Pereant Percent Acre-feet

1930, ... 3. e 36, 551 2,49 22.2 0. 55 451
FR15 AN DA - 36, 551 2. 49 255 . Bt 256
932 . oo 36, 551 2,49 21. 7 . 54 410G
£ % S (P 36, 551 249 38. 4 06 230
12 T S DO 36, 551 2,49 52.3 1. 40 52
[R1 T SN I 34, 551 2, 49 15. 6 .39 558
JE12 T+ D 3, b3l 2. 49 50.0 1,24 248
JETX Y R S 36, 551 2. 44 45. 6 Lo 365
1938 (L] vamumnan 36, 551 2. 49 25.0 62 502
1939, .. e 36, 55! 2. 40 41. 7 L {4 842
1940, _ ... e . 36, 5351 2,49 50.6 1. 26 08
512 SN DR 34, 551 2. 49 L7 . 29 520
41 24" SN DU 35, 551 2. 40 7.2 .18 317
JR1 5 J 36, 551 2,44 36. 7 .81 I, 176
1044, o oo . 36, 55t 2. 49 10, 0 .25 476
RV R T SN 38, 551 2. 4% 16. 1 40 1,027
1946 . ]ow o in e 36, 551 2. 49 34.5 . 86 547
1947, .. .. 36, 551 2. 49 17. 2 R 1,014
RV R 1. S e 36, 55t 2, 49 25.6 . 64 1, 106
5123 R DR 34, 551 240 2.8 07 383
1980 oLl .s 3, H51 2. 4% 15. 6 -39 041
R5: 153 S (U 36, 551 2. 49 . B .02 105
W52 ... ..l 34, 551 2. 49 25,0 .62 846
1953 .. .- ... 34, 551 2, 49 1. 7 104 334
1954, . - .. 35, 551 2,49 25,0 .52 480
1955 G301 35, 630 2. 43 45, 0 1. 09 675
1956, . . 3, 847 32, 794 223 47.3 1. 06 415
1957 3, 995 32, 556 222 12,2 .27 545
1958 5, 303 30, 748 2. 0% 1Ll .23 104
1959 . . 12, 754 23, 797 1. G2 19.5 .32 580
1960, . it, 531 20, 020 1. 36 111 15 501

! Total expected in 1985, 36,551 acres minus column 2.

? Golumn 3 multiplied by 100, divided by 1,169,440 acres.
1 Pactar ob effects of gonverting good cultivated land to grass equals

(52X 0.7 (tuble )+ (48X (0.7-0.3) (table 3))

=1.556.

100

Multiply fuctor by column 11 of table 4,
tColumin 4 multiplied by column 5, divided by 160,
s Column 6 divided by 100, multiplied by columa 4 of tuble 4, multiplied by

1,000,
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Tanue 11—Computation of effects of irrigation on surface runoff,
watershed example

Irrigation
Iffects Tncrense
Effeets | of irriga- in
Inerease | of irriga- tion on | watershed
Actual [nerease 18 per- tion on | watershed | runeff duc
in plaee t | to 19852 | centage runoff + runoff * to irrign-
of water- tion®
shed ¥

(1 (3 (4 {3) Si) @

Acres Percent Pereent Pereent Acre-fee!
1930, . 345, 545 23. 5 3. 76 3, 083

33 1, 782
87 2 716
49 1, 558
84

53

47
7i
23
06
54

86
20
o7
G4
63

1931 ___ 345, Hb 23. &

1932, . S 344, 545 23, 52
1933, . 345, 545 23, 52
1934 _ . 345, 545 23, 52
1335 .. 345, 545 23. 52

B S O S s (=]
15 00 (T3 09

1936 . 345, 545 23, 52
1937, ... 345, 545 23. 52
1938, Il 545 3. 52
1939, ... 545 23. 52
1940, . _ 505 L 45

(O e = 0

1941 . 085 . 28
1942 .. 5, 100 340, 445 2317
1043 . 7, 861 337, 654 . 98
157 S 10, 375 335, 170 22. 51
1945, _. 12, 875 332, 670 . 64

1946 __ . 14,892 | 330, 646 . 50
1047 . 17,043 | 328 502 2. 36
1948 20,051 [ 324, 504 .09
19497 24,225 | 321, 320 .87
1950~ 27,508 | 318 037 .64

1951, .. 30, 490 315, 065 .44
1952 . 33, 867 311, 878 1,21
1963, 44, 081 259, 464 . 38
1954 .. 66, 234 274, 31t . 01
1965... . g3, 763 251, 782 .13

1956 _. 138,860 | 206, 685 .07
1957, .1 188, 006 157, 539 L 72
1958....] 19§, 032 147, 513 . 84
1930 __ | 202, 411 143, 134 0. 74 .
1960 207, 705 137, 840 4. 38 . 0

RS

| A R TN, Y L= S\ N W D O
e 10 E

W (5 3 6
W,

)
i)

! Data oblained from annual statistical reports of Statistienl Reporting Service,
USDA, and the State board of agriculture, rather than from Soil Conservation
Service Form 105, County datn adjusted to the wntershed on basis of local
estinmmntes,

* Total expected in 1983, 345,545 minus column 2.

3 Column 3 multizlied by 100, divided by 1,468,440 neres.

Y04 from fable 1 multiplied by column 11 of tabic 4. No weighted factor
necded because all erops affected.

3 Column 4 muitiplied by column 3, divided by 100.

¢ Column & multiplied by column 4 of tnble 4, divided by 100, multiplied by
1,600
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TasLe 12.—Computation of effects of pothole drainage, watershed

example
Pothele drainage
[nerease in
watarghed
Year Increase as runoff
Actual in [nerease to | pereentage due to
place 1085+ of water- draingge 3
shed ?
{1 (2) {3 (4 (5

Acres Acrey Percent Acre-feet
930, .. . e 25, 148 1.7 1, 39¢
5 O P 25, 148 1.7 680
1932, . . e m e 25, 148 L7 1,258
1933, D 23, 148 1.7 408
1034, e 25, 148 L7 68
10935 .. ... oo R 35, 148 L7 2,431
1036 .. e e e e 25, 148 L7 408
1637 L Ll 23, 148 1.7 Sd4
1838 0 L0 L. e amas 25, 148 1.7 1,377
| Lt 25, 145 L7 1,377
| T N F 25, 148 17 92
PO L T 235, 145 1.7 3, 048
10420 L L - - .- 25, 148 1.7 2,992
1943, . . . et e 25, 1458 L7 2, 196
1944, ... e - 73 25,075 1.7 3,237
s o oL 0. 103 24, 740 1.7 4, 364
19460 ... L. L, 1, 203 23, 945 1.6 1,018
1047 - 1,703 23, 440 1.6 3, 773
1948, .- 2, 33! 23, 817 1.6 2, 760
1949 - 4, 170 20, 978 1.4 7,651
1950 . - - 3, 394 19, 754 1.3 3,138
1951 .- 4, 308 18, 840 1.3 G, 829
1952 L 7,237 17,911 1.2 1, 637
1953 8, 798 145, 350 11 353
195 10, 929 14, 219 .0 775
W55, . .. ... 12, 432 12, 716 .9 537
154 .- 14, 028 11, 12¢ . 316
1557 15, 005 10, 143 .7 1, 413
1958 1 15, 410 9, 738 .7 1, 504
1958 .. . N 16, 654 8, 404 .6 i, 087
1960, ... . . ... | 17,195 7,033 .5 I, 670

! Total expected in 1985, 25,148 acres minus column 2,
1 Pothole drainage inereases runoff in direct proportion to ares. drained; hence,
these values diveetly represent patential inerenses.
3 Column 4 divided by 100, multiplied by column 4 of table 4.

Table 13 i 0 sumnary of the effects of the several individual peac-

tices nnd o new computation of watershed runoft,

The new water-

shed runofl data shown in the last column of this table (column 13)
were needed Iater (o determine if inflow to farm ponds limits their
water eost,” vather than evaporation plus percelation.
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TasLe 13.—Summary of effects of land treatment on surface runoff of watershed example

Increases in sur- Surface
Decreases in surface runoff due to 1— face runoff due runoff
to 2— corrected
Year Total Total Net Ob- | for effects | Water-
de- ins change. | served | of land shed
Level | Contour; Seed- Seed- | creases | Irriga- | Drain- | creases | in run- | surface treat- depth ¢
terrac- | tillage |ing poor|ing good tion age off* | rTun- ment ¢
ing land land off 4
n ¢ (3 (4) (5) (6) ) (8 1)) (10) (11 (12) (13)
1,000
Acre- Acre- Acre- Acre- Acre- Acre- Acre- Acre- Acre- acre- Acre-
feel feet feet feel feet feel Jeet Jeet Jeet feet feet Inches
1930 e - 640 1, 148 230 451 | 2,469 | 3,083 1,394 | 4,477 2, 008 82.0 84, 008 0. 686
1031 e e e 360 644 128 256 1, 388 1,732 680 | 2,412 1,024 40.0 41, 024 . 335
1932 . _..2 562.1 1,006 200 400 | 2,188 | 2,716 1,258 | 3,974 1, 806 74.0 75, 806 . 619
1933 e 324 578 115 230 1,247 | 1, 558 408 1, 966 719 24.0 24 719 . 202
1934 .2 74 131 26 52 283 354 68 422 139 4.0 4 139 . 034
1935 o 786 1,401 - 286 558 | 3,031 3,761 2,431 | 6,192 | 3,161 143: 0 146 161 1.194
1936 e . 422 754 151 208 | 1,625 | 2,033 408 [ 2, 441 816 24.0 24, 816 . 203
1937 e 512 915 | - 186 365 1,978 2,467 544 | 3,011 1,033 32.0 33, 033 . 270
1938 o Lo- 713 1,272 259 502 2 746 | 3,426 1,377 | 4,803 2, 057 81.0 83, 057 . 678
1939 ... 1,191 |- 2,122 429 842 4, 584 | 5,719 1,377 1 7,096 | 2,512 81.0 83,512 . 682
1940 oo 96 171 35 68 370 461 92 553 183 5.4 5, 583 . 046
1941 ... _. 735 1, 255 251 520 | 2,761 3,514 3,048 6,562 ; 3,801 179. 3 183, 101 1. 495
19420 . .o_.: 440 757 158 317 | 1,672 1 2,112 | 2,992 | 5,104 3,432 176. 0 179, 432 1. 465
1943 .. ... 1,667 | 2,687 568 | 1,176 |- 6,008 7 842 1 2,196 10 038 | 3,940 129.2 | 133, 140 1. 087
1944 . ... 666 1,047 228 476 2 417 3 123 | 3,237 | 6,360 [ 3,943 190. 4 | 194, 343 1. 587
1945 .. _ .. .. 1,438 | 2,182 488 | 1,027 5 135 6 751 4 364 11 1151 5,980 ) 256.7 1 262,680 2. 145
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65, 490
241, 318
177, 604
554, 807
246, 325

532, 234
139, 837
33, 105
79, 075
63, 305

1, 119 547 | 2,677 | 3,549 | 1,018 | 4,567 | 1,890
1, 981 448 | 1,014 | 4787 | 6,532 | 3,773 | 10,305 | 5,518
2 092 484 | 1,106 | 5082 | 7,020 | 2,766 | 9,786 | 4,704

710 164 383 | 1,749 | 2,405 | 7,651 | 10,056 | 8,307
1, 666 941 | 4,055 | 5,842 | 3,138 | 8,980 | 4,925

105 53 105 368 473 | 6,829 | 7,302 | 6,934
1,419 327 846 | 3,410 | 5,210 | 1,637 | 6,847 | 3,437
555 125 334 | 1,309 | 1,961 353 | 2314 1,005
783 170 480 | 1,851 | 2 651 775 | 3,426 | 1,575
1, 108 235 675 | 2 587 | 3,435 557 | 3,992 | 1,405

719 154 415 | 1,659 | 1,888 316 | 2,204 545 . 40, 045
928 182 545 | 2,119 | 1,897 | 1,413 | 3,310 | 1,191 : 202, 991
881 172 494 | 1,977 | 1,719 | 1,504 | 3,223 | 1,246 216, 146
1, 214 236 580 | 2,646 | 2,464 | 1,087 | 3,551 905 . 182, 105
668 | 1,269 234 501 | 2,672 | 2,505 | 1,670 | 4,175 | 1,503 . 335, 503

W N0

! From last columns of tables 7 to 10 of effects for each 3 Algebraic sum of columns 6 and 9.
depleting practice. ¢ From column 4 of table 4.

I From last columns in tables 11 and 12, of increasing $ Column 11 plus column 10. :
practices. ¢ Column 12 converted to inches of depth on the watershed.
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Evaluating Effects of Farm Ponds

Data on farm ponds (stockponds and similar erosion-control dams)
were obtained for the watershed example at. the same time and in the
same manner as data on land-treatment measures were obtnined. In
addition to numbers of ponds instnlled year-by-year, information was
obtained in exch Soil Conservation District on the factors outlined
in the section on datn tabulation and reduction (p. 20) and on:

1. Opinions as to seepage through und around dams—negligible.

2. Estimates of percentages of ponds in the Soil Conservation Dis-
trict that were in the watershed example.

3. Estimates of increases in numbers of ponds from 1960 to 1985.

The raw pond-numbers data, after adjusting to numbers in the
watershed example, were plotted by years, as illustrated in figure 13.
Interpolated nnc{ extrapolated numbers were read from the smoothed
curve and tabulated for each Soil Conservation District. These data
were summarized for the watershed, as shown for contour tillage in
table 6. Tncreases expected by 1985 were added to the 1960 quantities
to obtain un estimate of numnbers of ponds likely to be in operation
m 1985 {this is on the assumption that ponds that fail or silt up will
be rebuilt).

The computations of effects on ponds were carried out, us shown in
table 1. Computations carried through column 11 indicate the down-
stream “water cost” of evaporation and deep percolation from ponds
(16 will be remembered that percolation from ponds is considered as
streamflow depletions-—contrary to floodwater-retarding reservoirs).
At this point, net water yield, in inches depth, after adjusting observed
surface runoff for effects of land-treatment measures, was introduced
to determine if inflow to ponds was sufficient to supply depletion due
to evuporation plus percolation.

The last column in table 14 shows new annual watershed runoff
figuves, in inches depth, to use in checking the runoff-depletion effects
of ﬂooglw:lter-1'etzu'ding veservoirs that have both land-treatment meas-
ures and farm ponds intheir tributary drainnge arveas.

Evaluating Effects of Floodwater-Retarding Reservoirs

Data on numbers of floodwater-retarding reservoirs in place and
anticipated, depths, drainage areas, water-surface areas, ste., were
obinined from the Soil Conservation Service.

Data were available for floodwater-retarding reservoirs in the water-
shed example as shown in table 15. Computation of effects of these
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reservoirs on stremnflow was simitur to those for ponds Hlustrated in
table 14. “There wus one major difference, however. Since reservoirs
are genernlly loeated closer to ground water and may even intercept
it, it was assumed percolation from such structures soon becomes base
flow or interflow, and wus thus not depleting, us in the case of ponds.
Net luke evaporation only (column 14, table 4) and average wuter-sur-
face aren were used fo compute volume of water loss by evaporation.
Evaporation plus percolation, ns a percentage of avernge reservoir
depth (column 15, table 4}, however, was required to enter the curve
in figure 9, to reand avernge water-surface areas,

1t shoukl be pointed out here that sedimentation in future years
will probably decrease water surfaces of, and muy reduce water losses
from, floodwater-returding reservoirs. It is believed this problem will
vary so much fronn watershed to watershed that individual watershed
characteristics must be considered in the evaluation. No adjustments
were nmde in table 15 for this Factor in the watershed example.

Evaluating Effects of Water Spreading

The evaluation of eflects of water-spreading works is rather unique
in that this is a practice for rangeland where there is not likely to be
much lund treatment or enough {lood-prevention benefits to warrant
floodwater-retarding reservoirs. This item was, therefore, evaluated
separately from all other treatiment measures (tuble 16). Data from
the last column were carried forward to table 17T fo use In estimating
streamflow for expected 1985 wantershed conditions.

Summary of Watershed Example Data

Table 17 brings (vgether observed streamflow duta and the finally
adjusted surface-runofl components of flow., The datn needed by 2
planner of u future water-storage or water-use project in the watershed
15 that shown in column 6 of table 17. Because base flow is a large
component of the total flow of the river used in the example, percent-
ngre effects of land trentwent are relutively low on total flow. It will
be noted that percentage reductions of the surface-runofl component
only of streumflow are relutively high during dry periods, such as
193140, inclusive, but relatively low in wet years like 1949, 1951, and
193T-60, Inclusive.




8%

TasLe Lb—Computation of decreases in surface runoff due to farm ponds, watershed example

[N O,

Annual
average Annual pond water loss by Watershed
Pond water evaporation plus percolation Decrease] . surface
Totul | drainage | Spill- | surfuce | Annual in runoff{ runoff
Actualilnerease; drainnge | aren as way area as water Correct-| due to | corrected
in {to 19854 aren to | percent | level percentagel surface Depth on pond ed water-| ponds | for land
place ponds ? |of water-| water | of spill- | area of Up- drainage area shed | depthon] treatment
shed - jsurface? - way ponds® | stream $ surface | water- and
areq water runoff v ghed * | ponds™
level ¢ Up- Down-
stream 7istream 8

&) €Y M 8 o (10) (1m (13) (14)

Num- Acre-
ber Acres Percent Acres inches Inches | Inches | Inches | Inches Inches

1930, 3, 360 | 437, 970 4,845 | 275,196 | 0.628 { 0.532 | 0.686 | 0.158 0. 528

1931 . 3, 360 | 437, 970 4,845 | 281,010 |, 642 | .52 .835| 100 . 235
1932 3,369 | 437, 970 4,907 [ 261,052 | 596 | .509 | .619 | 152 . 467
1933 _ 3,369 | 437, 970 4,783 1 282,197 | .644 | 453 | .20o2| 060 . 142
1934 __ 3,369 | 437, 970 4,348 | 377,406 | .862 | .342| 034 | 010 . 024
1935 _ 3,369 | 437, 970 5218 | 200,871 | .457 | .412] 1.194 | .123 . 071

1936 . 3, 369 | 437, 970 4,473 | 339, 948 . 776 . 388 . 203 . 060 . 143
1937__ 3,369 |- 437,970 4,721 | 290, 342 . 663 . 409 . 270 . 080 . 190
1938_ . 3, 369 [ 437, 970 5,032 | 242,039 . 553 . 461 . 678 L 137 . 541
1939 _ 3, 369 | 437, 970 4. 535 | 323, 799 . 736 . 496 . 682 . 148 . 534
1940 _ 9 | 3, 369 | 436, 800 4, 523 | 331, 536 . 759 . 372 . 046 . 014 . 032

1941._1 9] 3,360 | 436, 800
1942 2 10 | 3359 | 436, 670
1943 3,358 | 436, 540
1044 _ _ 3,355 | 436, 150
10451 18 1 3351 | 435, 630

=
[
[\
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4,833 | 269,198 | .616 | .570| 1.495| 169 . 326
5265 | 192,172 | . 440 | . 419 | 1.465 | .124 . 341
4,054 | 244,728 | . 561 .406 | 1.087 | .121 . 966
5,321 | 173,465 | .398 | .372 | 1.587 | .110 . 477
5129 ' 203,621 | 467 | 417! 21450 123 . 022
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6, 157
6, 135
6, 122
6, 046
5, 987

5,914
5, 814
5 718
5, 663
5, 595

5, 449
5, 349
5, 237
4, 982
4, 870

1946 .
1947 .-
1948
1949~
1950

1951
1952 .
1953 _
1954 _|
1955. .

1956.. _:
1957 -
1958.. .
1959. .
1960- . 728

3, 339
3, 897
3, 320
3,279
3 247

3, 207
3153
30101
3071
3, 034 |

2,955
2, 901
2, 840
2 702
2, 641

434, 070
432 510
431, 600
426, 270
422110

[ VR R

416,910
409, 890
403, 130
399, 230
394, 420

384, 150
377, 130
369, 200
351, 260
343, 330

OPto D IO

[ iR 3 VB G R )
FEONS SNINNB XOSID

[ R Sl O R
RS R

256, 819 . 592 . 535 . 130
236, 524 . 547 . 484 L 971 . 142
263, 580 . 611 . 505 . 450 . 148
175, 760 .412 . 404 . 531 117
173, 026 . 410 . 369 . 011 . 106

154, 350 .370 . 370 . 346 . 105
237, 458 . 879 . 482 . 142 . 134
272,929 . 677 . 454 . 270 . 074
233, 095 . 584 . 487 . 646 . 132
291, 456 . 739 . 465 . 817 . 125

165, 020 . 430 . 253 . 327 . 066
164, 601 . 436 . 400 . 658 . 103
162, 763 ~441 . 408 . 765 . 102
184, 642 . 526 . 457 . 487 . 109
170, 977 . 498 . 461 . 740 . 108

t Total number expected in 1985, 3,369 minus column 2.

2 Column 3 multiplied by average drainage area per pond of
130 acres.

3 Column 3 multiplied by average spillway water surface area
of 1.84 acres.

+ Values read from dry subhumid climates, curve (fig. 9)
entered with values in column 14 of table 4.

$ Column 6 multiplied by column 7,

¢ Column 8 multiplied by column 13 of table 4.

7 Column 9 divided by column 4.

8 Column 10 divided by column 12 of table 4.

® From column 13, table 13, summarizing land-treatment
effects. Values are in italic where data are less than column 12
and indicate they control pond effects.

16 Column 5 multiplied by the smaller value in column 11 or
column 12, divided by 100.

1 Column 12 minus column 13.
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TanLe 15.—Computation of effecis of floodwater-retarding reservoirs on swrface runoff, watershed example

Total drainage

Annual water

Annurl reservoir water

area above surface area loss by s#vaporation
reservoirs Watershed Watersaed
Water surface water- runoff

Actuall - In- surface runoff shed | corrected

Year in Jerease area at Depth on reser- | 1985 level | effects | for land
place | to Percent- spillway {Percent- voir drainage of land | of reser- jtreatment,
1985 [Trik.. tary| age of | level 3 | age of | Water Up- area treatment | voirs 1 [ponds, and
area * | water- spillway| sur- | stream® and ponds ® reservoirg !

shed level face ¢
area Up- Down-
stream 7.! stream #
(1) @ | ® 1)) (5) 6) N 8) 9 (10) (1) (12) (13) (14)
Num- | Num- Per- Acre-
ber ber Acres cent Acres | Percenl | Acres inches Inches | Inches Inches Inches Inches

1930 o) ... 160 | 296,000 | 20.1 | 4,352 853,699 | 99,133 | 0.335 | 0.284 0. 528 | 0.057 0.471
1931 . fo .o 160 | 296,000 | 20.1 | 4,352 85 | 3,699 | 103, 572 . 350 . 287 . 236 . 047 . 188
1932 . |- o.o.c 160 | 296,000 { 20.1| 4,352 86 | 3,743 | 86, 838 . 293 . 250 . 467 . 050 . 417
1933 ].o. .- 160 | 296, 000 20.1 | 4, 352 85 | 3,699 | 107, 271 . 362 . 255 . 142 . 029 . 113
1934 . |enn- 160 | 296,000 ] 20.1 | 4,352 79 | 3,438 | 195, 278 . 660 . 262 . 024 . 005 . 019
1935 - ocaaaans 160 { 296,000 | 20.1 1 4,352 90 | 3,917 | 32,903 . 111 . 100 1. 070 0290 1, 050
1936 . | oco-- 160 | 296, 000 20. 4, 352 81 | 3,525 | 162, 150 . 548 . 274 L1483 . 029 . 114
1937, .. ) ... 160 | 296,000 ¢ 20.1 | 4,352 84 {3,656 | 115, 164 . 389 . 240 . 190 . 038 . 152
1938 .t ... 160 § 206,000 | 20.1 | 4,352 87.1 3,786 | 68, 527 . 231 . 192 . 541 039 . 502
1939 .| ... 160 | 296,000 | 20.1 | 4,352 82 | 3,569 | 147, 757 . 499 . 335 . 534 . 067 | 467
1940 ... ... 160 ' 296, 000 ' 20.1 ¢ 4,352 82 ! 3,569 1 154, 538 . 522 . 256 . 032 . 006 1 . 026
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1941,
1942 L
1943, . 0.

1944 .
1945.. .

1946 . . ...
1947 ...
1045 ..

1940. .

1950 ... .

160
160
160)
160
160

160
160
159
156
155

137
132
131
108 5
97

206, 000
206, 000
206, 000 -
206, 000 ;
206, 000

206, 000
296, 000
204, 150
288, 600
i 286, 750

253, 450
244, 200
242, 350
199, 800
179, 450

138, 750
118, 400
94, 350
62, 900 |
14, 800

86
90 | 3,
87 | 3,
91 3,
89 ; 3,

86 1 3,
87 ' 3,
56 | 3,
g1 3,
91 | 3,

92 | 3,
86 ¢ 3,
g4 12
86 | 2,
83 1 2,

8311,
90 1 1,
90 | 1,
88
88

sttt gt

B -y
SO v —

1951 ...
1952 ..
1953 . .
1064 . .. o)
1955 .

[SoRrp Nl (ol

75
64

1956 ..
1957.. .
1958 -. .
1959 ...
1960_. ..

26 | 34
1521 8
i

St

!
H
2
! 51
I
i

! Total of 160 planned minus column 2,

2 Column 3 multiplied by average drainage area of 1,850 acres
per reservoir.

3.Column 3 multiplied by average spillway level water-surface
area of 27.2 acres.

4+ Read from dry-subhumid climate curve, figure 9, and values
in column 15 of table 4. )

5 Column 6 multiplied by column 7, divided by 100.

¢ Column 8 multiplied by column 10 of table 4.

i 3, 743
917 |
786 |
960 -
873

743 .

786

720 ;
561 |
837 |
498 |
087 |
993 |

527

190 !

693
567

248 |
814 |

192

. 061
. 016
. ()36
. 007 |
. 023

. 043
. 040
S 053 |
L 010
. 010

L 325
. 086
248
U35
L 127

. 288
. 225

.319

301
L 082
. 180 ¢
. 033

113

1. 326
1. 341

. 966
1,477 ¢
2,022,

96, 105
25, 460
73, 448
10, 296
37, 568
85, 340
66, 634
93, 744

255
2199
964

. 405 ¢
1,820 ¢
1. 302
14,672 : . 0511 . 050 4, 414
15,348 ;. 054 L0494 1. 905

0 : f . 241
66, 958 274 1,298 . 008
98, 170 405 1,272 . 196
55,847 1 L9280 . .233 514
88,476 | .493 310 . 392

63, 149 . 268 . 261
9, 715 . 075 . 555
8, 736 . 086 . 663
12, 373 171 . 378
2, 362 . 632

0
. 038
. 032
. 032
. 038

. 025
. 006
. 006
. 007
. 001

. 455
L082
S093
S197 |
L1680

4 }

7 Coluinn. 9 divided by column 4,

¢ Column 10 divided by column 12 of table 4.

» From column 14 of table 14, If values are less than column
11, they are in italic to indicate that these values control pond
effects.

10 Column 5 multiplied by the smaller of the values in column
11 or column 12, divided by 100.

1 Column 12 minus column 13.
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TanLe 16.—Computation of effects of water-spreading on surface runoff, watershed example

Watershed
Increase Upstream - | Downstream Effects runoff Corrected watershed
Actual Increase ; to 1985 as unit effect unit effect of water corrected surfance runoff *
Yeur 1 in place! | to'19852 | percentage of water of water- spreading for land

of water spreading ¢ | spreading ® in water treatment,

shed ? shed depth ¢] ponds, and

reservoirs 7

) (2) (3 ® ) (6) (7) 8 9 (10)
Acres Acres Percent Inches Inches Inches Inches Inches Acre-feet

L5 {1 I I 600 0. 041 2,08 1.76 0. 001 0. 471 0. 470 57, 553
1931 . .. el 600 . 041 3,04 2. 49 . 001 . 188 . 187 22, 899
1932, L, i mmmaa 600 . 041 1. 84 1, 7 . 001 . 417 . 416 50, 940
1933, . et aeas 600 . 041 6. 88 4. 84 . 002 . 113 <111 13, 592
1934 e aan 600 . 041 14. 16 5. 62 . 002 . 019 L 017 2, 082
1935 et el 600 . 041 0 0 0 1. 050 1. 050 128, 576
1936 e 600 . 041 12. 00 6. 00 . 002 . 114 112 13, 715
1937 e ime i cee e 600 . 041 9. 28 5.73 . 002 152 « 150 18, 368
1938, et 600 . 041 2. 80 2.33 . 001 . 502 . 501 61, 349
1939 s enicnianan 600 . 041 8. 00 5, 37 . 002 . 467 . 465 56, 941
1940 L 600 . 041 12. 16 5. 96 . 002 . 026 . 024 2,939
1941 e 600 . 041 0 0 0 1. 265 1. 265 154,903
Q2. e i caeaas 600 . 041 0 0 , 0 1. 325 1,325 162, 250
1943 e |amaiaraan 600 . 041 6. 48 4. 70 . 002 . 930 . 928 113, 636
1944 . .. .. 6 594 - 040 0 0 0 1. 470 1.470 180, 006
1945, .. co.aa 13 587 . 040 .24 .21 0 1. 999 1. 999 244,783
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. 362 : 44, 083
1.789 789 1 219,068
L. 249 | . 152, 821
4404 ' . 539, 283
1. 895 | 232, 048

575 . . 039
555 . 038
540 - . 037
520 . 035
499 . 034

474 . 032
450 . 031
422 . 029

; 302 . 027 .
240 360 . 024

281 319 . 022
325 275 . 019
377 223 . 015
427 173 . 012
478 122 . 008

’Qﬂ

Sy =
hog =
oo,

4.241 519, 323
. 970 118, 657
. 164 19, 837
. 482 . 58, 900
. 354 . 43, 226

. 236 | . 28, 776
{ : . 549 . 189, 680
| ; . 657 . 202, 905
; i 371 . 371 167, 883

CREPwS oo,
—00 o0

)31
Mo

,_
o-ocoe
=
®

|3~
(=3
S=ooO

2. 631 . 6 322, 174

1 From Soil Conservation Service Form 195. s Column 5 divided by column 12 of table 4.

2 Baged on estimates by Soil Conservation Service conserva- ¢ Column 4 multiplied by column 6, divided by 100.
tionists of total amount likely to be installed by 1985—600 minus 7 Copied from column 14 of table 15, summarizing effects of
column 2, 7 land treatment, ponds, and reservoirs.
* Column 3 multiplied by 100 divided by 1,469,440. 8 Column 8 minus column 7, in inches, and converted to
i 80 percent (for dependable system) of column 16 of table 4, acre-feet,
divided by 100.
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Tasre 17.~—ZReconstitution of estimated streamflow with the estimated 1985 level of land and watershed treatment,

watershed example

Observed streamflow !

Total

2

Base plus
interflow

@)

Surface
flow

&)

Estimated
corrected
surface

runoff 2

6]

Estimated
streamflow
under 1985
watershed

conditions 3 !

(6)

Estimated
annual
effects of
treatment 4

O]

Annual effects of treatment
as percentage of observed—

Total
streamflow $

8

Surface run-
off only ¢

@

1,000
acre-feel
194

139
181
112

81
354

106
109
176
168

77.

1,000
acre-feel
112

1,000
acre-feel

82

40

74
24

4
143

1,000
acre-feet
57.

22,

1,000
acre-feet

169. 6

121,
157.
101.

79.
339.

95.
95.
156.
143,

75.

(ot Rl o2 iUs Jou)

[V-RaRJCRUNEN

271.
295.
242,
296.
413.

T 00 W

1,000
acre-feet
24,4

M e
C=l ol JJUN

bt a8 | DN -
Q= g M £ e -

Percent

— p— —
t

PWOHE0 WhEOD RO |
[l IS RVLE, R [=~1

OO O sk B N W=~

Percent
29,
42,
31,
43.

=W oo

U= WEtsns

7e
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92,
136.
113.
193.
157.

IS Saniall s o

198,
157.
111
110.

89.

84,

84,
108.
123,
130.

3, 661,
118.

WOWOHE i -

—
PLEse

W=l NSO
[SIIENEN B Y ar) w2 O 0 e ST U

oo Ww W O = O
SR SO0 —
Tl 1O e CoTNS~I
[ B3 °-0 Lw J O SR i N

28,
189,
202.
167,
322

13,
.

443. 7

O O e =
[CRseS RN Ee ]
[SB R o §
MWL O~
W

[\ WL WOoOLTIIEO COUio—o

—
by R
[N

4,143,

Ol oo Cweooet

133. 7 .8 14.3 |

3

—

1 Copied from columns 2, 3, and 4 of table 4. i Column 2 minus column 6. .
1 Copied from column 10, table 16, of water-spreading effects. s Column 7 divided by eolumn 2, multiplied by 100.
3 Column 3 plus column 5. ¢ Columnn 7 divided by column 4, multiplied by 100. -
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DISCUSSION

Some discussion of the foregoing illustration of applying the ra-
tionnl procedure to watershed exmmnple is warranted.

First of all, it should be pointed out that the evaluation of effects
of irrigation is for surface runoff only (expressed as downstream
effects) unct is not un evaluation of all the influences of irrigation.
In the watershed example, irrigation is from deep wells piercing the
Ogallala tormation that supplies base flow to the river. It was with-
out the scope of this study to evaluate the eventual effects of with-
drawal of irvigation water from the aquifer on totxl streamflow.

Some developments gaing on in the watershed, such us nrbanization
ardl highway and airport construction, may tend to increase runoff.
These were not included in the study, their study not being within the
objectives of the project.

Pothole drainage simply increases the area tributary to the river.
Tho drainage aren used to compute wutershed water yield in inches of
depth should, therefore, have been a variable, instead of a constant
1,469,440 acres. There is such a small amount of this practice that
using a variable drainage area would have made no practical difference
in the computed inches of watershed runofl.

Some water is required to ill and soak up the sites of newly con-
structed ponds and reservoirs. In a strict nccounting, this abstraction
of wuter should be considered,

One average annual value for potential evapotranspiration (PET)
was used. It is well known that PET varies from year to year, de-
pencling on climatic conditions.

For convenience and practicability, considerable averaging was
done. For example, the effects of land treatmeat and ponds were
avernged over the drainage arvens tributary to floodwater-retarding
reservoirs to determine if runoff controlled the depletion effects of
veservolrs, Strictly speaking, drainage-area runoff should have been
computed by weighting the areas treated, those above ponds. and those
not. treated.

In the evaluation of ponds and reservoirs, if water yield from trib-
utary areas was less than losses from percolation and evaporation, the
water yield was considered limiting, but no carryover storage capacity
was considered the following year. In a strict accounting, this shonld
be done. Ti would, however, introduce considerable complications
relative to water-surface areas to use in computing volumes, the timing
of pond and reservoir filling, etc. Tt was considered that such refine-
ments were not warranted.

Most watersheds in the Great Plains will not have such a large
hase-flow component as does the river in the example. Lilcewise, most
such watersheds will not have as much irrigation and pothole drainage
to compensate for reductions of surface runoff caused by streamflow-
depleting conservation treatment practices.

Al too few researeh data are available to support the indices shown
in table 1 and the curves in figures 5, 6, 9, and 10. Of great concern,
relitive to this matter, is the fact that not much research is presently
underway that is directly applicable to this problem.
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The eflects of landd use and treatiment as computed herein are not
likely to be exact for any one year. 1t is believed, however, that the
results obtained from {he appheation of the rational procedure to the
watershed will give some indication of what might occur over a period
of severnl years. Those concerned with estimeting future water re-
sources in watersheds subject to the effects of the conservation use and
trentiment of land on water yielded by streamflow may find the method
deseribed herein fo be n useful tool or guide.
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