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ABSTRACT

Due to the concern of downstream water users, the effect of a

large number of small stock water reservoirs on streamflow in North-

Central Arizona was studied.

The U. S. Department of Agriculture Agricultural Research

Service's hydrologic watershed model -- USDAHL-74 Revised Model of Water-

shed Hydrology, developed by H. R. Holtan, N. C. Lopez, and others -- was

used.

The 49 square mile study watershed, Red Tank Draw, on the Beaver

Creek Experimental Watershed, contains 27 small earthen reservoirs with a

total storage capacity of 124 acre-feet which control runoff from 32 per-

cent of the watershed. Average annual runoff for 14 years of record

totals 4,192 acre-feet, with a range from 32 to 13,420 acre-feet.

Approximately two-thirds (or 2,994 acre-feet) of the total occurs in the

winter and spring runoff seasons. Results indicate that during the winter

and spring, when the majority of runoff occurs, streamflow at the mouth of

the watershed was reduced 2.6 to 10.7 percent for the four years studied.

These results are consistent with the results of previous research on

other watersheds in which reductions in streamflow due to small reser-

voirs ranged from 2 to 33 percent.

The watershed model, as used in this study, was unable to

adequately simulate runoff in low water yield years and during the summer

runoff season.
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The model worked well in simulating the winter and spring runoff

periods. Based on the findings of other studies, it did a reasonably

good job in evaluating the effects of the reservoirs on streamflow.



INTRODUCTION

Water in Arizona and the Southwest is a scarce and valuable

natural resource. Demands for it often exceed the available supply. In

the past few years, there has been an increasing awareness by downstream

water users of the large number of small earthen reservoirs located

within upstream watersheds. These small earthen reservoirs, often called

stock tanks, are designed to provide livestock with drinking water. The

construction of these artificial watering spots helps to distribute the

livestock more evenly over the range and may open up new areas to grazing

which were unusable due to the lack of available stock water.

The increasing demands for a relatively constant supply of water

has caused downstream water users to become concerned about the effect of

these stock tanks on streamflow. Generally, the stock tanks are con-

structed on ephemeral channels or drainageways in the headwaters of small

tributary watersheds. The reservoirs trap channel flow that occurs after

snowmelt or runoff from a rainfall event and stores it on site for use of

the cattle. The amount of water trapped and stored is prevented from

flowing on downstream. In addition to consumption by livestock and wild-

life, the stored water is also subject to evaporation and seepage losses.

The concern is over the cumulative effect that a large number of tanks in

a given drainage area might have on the amount of water available to

downstream users. The terms "tanks," "stock tanks," "ponds," and

1
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"reservoirs," used interchangeably throughout the report, all refer to

the small earthen reservoirs constructed for watering livestock.

Modeling was selected as the only practical method of determining

the effects of the stock tanks on streamflow, given the constraints of

the study area and research project. The ideal situation would be to

have long-term streamflow records on the study watershed prior to the

construction of any stock tanks within the watershed and an equally long

period of record after the installation of the reservoirs. However, such

information is not available for the study area and time and money were

not available to set up such a study elsewhere. The study area, Red Tank

Draw, located within the Beaver Creek Experimental Watershed in North-

Central Arizona (see Figure 1), had 14 years of continuous streamflow,

precipitation, and temperature data available, plus an unusually detailed

documentation of the physical characteristics of the watershed.

Objective 

The objective of this study was to determine the effect of a

large number of small earthen reservoirs on streamflow in ephemeral

channels.

Scope 

The study was made using the U. S. Department of Agriculture

Agricultural Research Service's model of watershed hydrology, developed

by Holtan and Lopez (1974): USDAHL-74 Revised Model of Watershed

Hydrology. This study is part of a remote sensing research project con-

ducted by the Water Resources Research Center, University of Arizona.
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Figure 1. Location Map (Arizona).



LITERATURE REVIEW

Kennon (1966) studied a group of 22 flood-retarding reservoirs

in Western Oklahoma, in which storage capacity ranged from 102 to 4,192

acre-feet. Complete monthly water budgets were prepared for each reser-

voir over a two-year period. Reservoir seepage was found to appear as

surface flow in the principal stream channels below the reservoirs,

turning previously ephemeral streams into perennial streams. Water

losses attributable to the reservoirs were estimated to be approximately

20 percent of the natural runoff for the study period. The 22 flood-

retarding reservoirs controlled runoff from 75 percent of the 85.4 square

mile study area, and had a storage capacity of 324 acre-feet per square

mile of watershed controlled.

In Northeastern Montana, numerous reservoirs and waterspreaders

were constructed within Willow Creek basin during a 14-year period in

which hydrologic observations were being made (Frickel, 1972). This

upstream regulation of flow was estimated to have reduced peak stream

discharge by as much as 45 percent. The total annual volume of runoff

was estimated to be 18 percent less than it would have been had the basin

been totally uncontrolled; however, part of this was assumed to be due to

normal transmission losses. The study indicated that low flow periods

had been extended in length. The reservoirs and waterspreaders provided

a total storage capacity of about 48,000 acre-feet and detained runoff

from approximately 75 percent of the 538 square mile Willow Creek basin.
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This is a storage capacity of 119 acre-feet per square mile of drainage

area controlled by the reservoirs.

The Texas District of the Water Resources Division of the U. S.

Geological Survey collected and analyzed hydrologic data for 14 years to

determine the effects of systems of floodwater-retarding structures on

downstream water and sediment yields (Gilbert and Sauer, 1970). The

study watersheds ranged in size from 18 to 80 square miles with

floodwater-retarding structures controlling runoff from 0-67 percent of

the study area and storage capacities ranging from 0 to 376 acre-feet per

square mile controlled. Water losses in the reservoirs from evaporation,

evapotranspiration, and seepage were found to be as much as twice the

annual losses due to evaporation alone. Average annual losses in the

reservoirs ranged from 23 to 33 percent of equivalent runoff. Studies of

streamflow records at several selected stations within the Texas study

area indicated no increase in base flow. This does not agree with the

observations made in the Oklahoma and Montana studies of ephemeral

streams turning into perennial streams, and periods of low flow being

extended.

Gilbert and Sauer (1970) applied the results of their Texas study

to one specific 1,660 square mile basin. A computer-programmed response

model was used to demonstrate the effect of a system of floodwater-

retarding reservoirs on water yield to a major downstream reservoir. The

basin was to be developed with 162 structures controlling runoff from 26

percent of the total drainage area. Results of the model for a 39-year

period of study showed that with full development depletion of yield to
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the downstream reservoir would be as much as 10 percent annually in the

first few years, the effect gradually decreasing thereafter with runoff

returning to normal after 30 years.

Reservoirs investigated by Culler (1966) resemble most closely in

size and type those located in Red Tank Draw, the study area for this

project. The objective of his study was to determine the effect of stock

water reservoirs on runoff in the Cheyenne River Basin in Wyoming. The

study area was a 9,100 square mile area. Based on his sampling scheme,

in which 5 percent of the total number of ponds were sampled, 9,336

reservoirs had a total capacity of over 60,000 acre-feet and controlled

runoff from 55.4 percent of the basin. This is 11.98 acre-feet of

storage capacity per square mile controlled. The percentage of stream-

flow reduction attributable to the reservoirs was an average of 32 per-

cent for the 4-year study period. He states that the effect of stockwater

reservoirs can vary greatly among years depending on amount and character

of the precipitation and accompanying runoff. He also found that storage

levels in the reservoirs are not necessarily a direct measure of the

depletion in runoff since at various levels compensating factors may act

so that as one type of water loss increases another may decrease.

The concern over the effect of small reservoirs on streamflow is

not limited to Arizona or the Western United States. Northeastern Brazil

is the location of a study done in which the influence of a large number

of small reservoirs on the annual flow regime of a tropical stream was

investigated by Dubreuil and Girard (1973). Although the precipitation

is of a tropical type, the climate is semiarid, with monthly rainfall and
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runoff amounts highly variable. The study found that the presence of

reservoirs in the Sitia basin of Brazil increased the asymmetry of the

annual flow, and reduced the mean annual flow by 11 percent for the period

from 1923 to 1965. The reduction was attributed to evaporation losses.

Flow for 1965 alone was reduced by 24 percent; this increase over the

average for the period was felt to reflect the rapid pace of dam construc-

tion common in recent years. Overall storage capacity in 1965 for the

Sitia basin was 71.38 acre-feet per square mile. Dubreuil and Girard

also state that losses due to infiltration, and human and livestock con-

sumption are negligible in comparison to evaporation in the Sitia and

Jaguarible basins. In addition, they found that runoff was diminished by

17 percent in a wet year and by 27-47 percent in a dry year.

Crow and Ree (1964) found an average reduction in total watershed

runoff of 3.57 percent due to retention by farm ponds near Stillwater,

Oklahoma. During 130 months of the study, when runoff was less than an

inch per month, the reduction was 8.19 percent; during the remaining 20

months, when runoff was an inch or more, the reduction was only 2.23

percent. Pond drainage areas occupied 20 percent of the entire watershed.

In a review of research on the effect of conservation techniques

(small reservoirs) on water yield in Texas, Stephens (1964) reported that

effects are small and of little significance in Eastern Texas, while in

the more arid central and western parts of Texas it is substantial,

especially in drought years. Stephens found (in his literature review)

reductions in water yield due to ponds and floodwater-retarding structures

ranging from 0 to 24 percent. Half of the values reported, however, were
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in a much narrower range of 11-13 percent. Two important conclusions

made by Stephens were: 1) conservation practices in upstream watersheds

will reduce the watershed's runoff and yield; and 2) the percent reduc-

tion in total flow will be insignificant in years of above average rain-

fall, but substantial in relatively dry years.

Table 1 shows a summary of the results of the various studies

reviewed.

The results of the various studies indicate that no simple rela-

tionship exists between any one factor and the percent reduction in

streamflow. As indicated by several of the studies, the effect of reser-

voirs on streamflow depends on the combination of a variety of factors

such as climate, reservoir storage capacities, percent of area controlled

by reservoirs, microclimate, etc.

Stephens reported that a Texas committee concluded, in their

published report of August 1962, that the effects of ponds and floodwater-

retarding structures on total water resources are small and of little

significance in Eastern Texas where rainfall averages 35-60 inches and

evaporation is 15-65 inches annually; however, in Central Texas, where

the rainfall averages 7-30 inches and evaporation ranges from 65-120

inches annually, the effect is substantial, especially in drought years.

As a result, the committee strongly urged that the number of ponds be

limited by law.

Following his review of previous studies, Stephens concluded that:

1. The implementation of soil conservation practices in upstream

watersheds will reduce the watershed's runoff and yield.
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2. The reduction will be insignificant in years of above-average

rainfall but substantial in relatively dry years.

3. Surface-water supply reservoirs should be designed with critical,

not average, periods in mind.

4. All improvements involving watersheds should be undertaken with

the interests of all parties kept in consideration. Final

development plans should be coordinated by an interested state or

federal agency.

5. Watershed development programs should provide for the minimum

number of ponds and floodwater-retarding structures actually

necessary to accomplish the desired results. Permits for the

construction of all such structures over a specified minimum

size, and annual reports of their operation, should be required

by a public agency, probably one at the state level.

6. Factual information regarding seepage from impounding reservoirs,

ponds, and floodwater-retarding structures is inadequate. A

demonstration project sponsored by state and federal agencies to

study such movement would be very helpful.

Yost and Naney (1975), in a study of the Washita River basin,

summarized problems associated with the construction of earthen dams as

follows:

1. Loss of water from reservoir storage.

2. Damage to the structure.

3. Rise of water table and waterlogging of soil.

4. Mineralization of groundwater and surface water.
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5. Loss of water resources by evaporation and transpiration.

6. Development of saline soils.

7. Invasion of land by undesirable phreatophytes.

8. Poor drainage due to clogging of drainage channels by plants and

sediment.



DESCRIPTION OF STUDY AREA

Watershed Characteristics 

The study area is a forty-nine square mile watershed called Red

Tank Draw. It is located just north of Camp Verde in North-Central

Arizona and is a tributary of Wet Beaver Creek within the Verde River

Basin, which supplies water to the Phoenix metropolitan area (Figure 1).

Red Tank Draw was selected because it is a rather typical range-

land watershed. It contains a total of 27 small earthen reservoirs con-

structed for livestock watering. The area has been the location of

numerous research projects in the past and has relatively abundant data

available for it. Red Tank Draw is located within the Beaver Creek

Experimental Watershed, Rocky Mountain Forest and Range Experiment

Station; and the Coconino National Forest, U. S. Department of Agricul-

ture Forest Service (see Figure 2), and has been rather intensely studied.

Precipitation, temperature, and streamflow data have been collected in

the area since 1958.

Red Tank Draw is within the Colorado Plateau physiographic pro-

vince and is underlain primarily by volcanic basalts and cinders, which

drains the southwest slopes of the volcanic structure that formed

Stoneman Lake and the gentle sloping basalt-covered plateaus to the south

and west. The lower end of the oblong-shaped watershed breaks off from

the plateau very rapidly into steep rocky canyons toward the mouth of the

watershed. As a result, the watershed contains a wide range in elevation,

12
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vegetative and climatic characteristics. The watershed can, however, be

separated rather easily into three zones with relatively homogeneous

characteristics. Streams within the study watershed are ephemeral in

nature, and run water only after a period of rapid snowmelt or in direct

response to rainfall. Annual and seasonal streamflow totals for the 14

years of record are displayed in Table 2. There is no flow most of the

time. The average annual runoff for the period of record is 4,192 acre-

feet. A maximum peak discharge of 10,500 cfs was recorded on September 5,

1970.

Elevations range from 3,920 feet above M.S.L. at the stream gage

at the mouth of Red Tank Draw, to 7,936 feet at the top of Jones Mountain.

The average annual precipitation varies within the watershed from approxi-

mately 16 to 24 inches.

The climate is characterized by two wet seasons. The winter wet

season from December to February results from frontal type storm systems

coming from low pressure areas off the coast of Southern California. The

summer wet season in July and August is a result of convective thunder-

storms originating from the Gulf of Mexico. Average January temperatures

range from 28-37 ° F and average July temperatures range from 64-76 °F. The

headwaters have cold winters and cool summers with a snowpack commonly

developing over the winter, while the lower end of the plateaus and the

canyons have mild winters and hot summers. Cattle often winter up on the

plateaus in- the lower end of the watershed, because of the mild winter

and lack of a persistent snowpack.



Table 2. Annual and Seasonal Streamflow Totals for Red Tank
Draw.

Water
Year

Total
Runoff
(ac-ft)

Winter-Spring*
Runoff Totals

(ac-ft)

Summer-Fall**
Runoff Totals

(ac-ft)

1958 7,170 5,624 1,546

1959 300 296 4

1960 5,150 3,948 1,202

1961 838 651 187

1962 4,810 4,810 0

1963 32 32 <1

1964 1,660 1,120 540

1965 13,420 13,420 < 1

1966 10,190 1,332 8,858

1967 873 173 703

1968 3,480 3,458 22

1969 6,420 6,420 < 1

1970 4,200 509 3,691

1971 143 130 13

Average: 4,192 2,994 1,198

*Winter-Spring: January through June.
**Summer-Fall: July through December.

15
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Vegetation ranges from a lower pinyon juniper woodland type to a

ponderosa pine forest type in the headlands of the watershed.

The watershed consists of primarily three soil management areas:

the Springerville-Gem area, the Brolliar area, and a Stoney Steep and

Rock Land area. In general, the soils have developed from the weathering

of basalt and cinders; textures range from loam to clay, with the majority

being silty clays and silty clay loans. Pronounced swelling and shrinking

of soils have been reported in this area. Soil depths vary from zero to

greater than 45 inches. The deeper soils are in the headwaters or upper

zone; while shallow soils are on the canyon slopes around the mouth of

the watershed.

Reservoir Characteristics 

Storage capacity data for the 24 ponds sampled are tabulated in

Table 3. Also included is the maximum surface area, maximum depth,

elevation, area drained, and date of construction for each of the 24

tanks. The three other ponds in the watershed were not sampled because

of their inaccessibility.

An average stock tank in the Red Tank Draw Watershed (see Figures

3-6) has a total capacity of two acre-feet, a maximum surface area of one-

half acre, a maximum depth of nine feet, and has an average area of 286

acres which drain into it. These averages are based on 23 of the tanks

studied, they do not include Mullican Place Reservoir, a relatively large

non-typical stock tank.

The storage capacity of all twenty-seven reservoirs within Red

Tank Draw totals 124 acre-feet. As indicated in Table 2, only one year
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Figure 3. Oak Grove Tank. -- Maximum capacity 1.3 ac-ft. Notice

seepage losses at the base of dam.
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Figure 4 , Watermelon Tank. -- Maximum capacity 1.0 ac-ft. Notice
difference in shape and geometry from Oak Grove Tank.
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Figure 5. Purgatory Tank. -- Maximum capacity 9.1 ac-ft. One of the
largest tanks. Notice typical Pinyon Juniper vegetation at
top of the photo.
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Figure 6. Bruce Place Tank. -- Maximum capacity 5.6 ac-ft. This is one
of the perennial tanks, typified by the abundant aquatic
vegetation which is noticeably absent in the tanks that
periodically dry up.

21
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of runoff was less than 124 acre-feet. The maximum surface area of all

tanks total approximately 38 acres, or one-tenth of one percent of the

entire watershed. Total area draining into reservoirs is 10,000 acres,

or 32 percent of the entire watershed.

It is possible for the stock tanks to fill twice during the year

due to the two pronounced wet and dry seasons. However, there seems to

be no regular pattern of filling, drying up, and filling each year. The

tanks on Red Tank Draw were monitored from October 1973 to August 1974;

during that time tanks which were dry in October stayed dry all year.

The method of remote sensing is described by Cluff and Lovely (1973).

Many of the ponds on the lower half of the watershed, which contained

water in October 1973, had dried up by April of 1974 and they remained

dry throughout the summer. Most of the ponds in the upper half of the

watershed were recharged by snowmelt runoff; several had spilled or were

spilling by March 18, 1974. None of the ponds showed any evidence of

receiving any runoff from summer thundershowers. Summer thunderstorms do

produce runoff and when centered close enough to the watershed above a

stock tank they undoubtedly do contribute water to the reservoirs.

Runoff from summer rainfall does refill some of the stock tanks, although

it is highly unlikely that all the tanks would be completely refilled

each summer. The tanks are widely scattered and convective thunder-

showers too localized for very many of the tanks to receive runoff from

the same storm system.



METHODS

Model Selection 

A model which would utilize the available data and simulate the

hydrologic characteristics of the watershed was sought. The model would

also have to contain a sensitive input parameter which could at least

theoretically represent the stock water reservoirs and their function in

the hydrologic cycle on the watershed. The parameter representing the

stock ponds must also be adjustable so that the model would be able to

represent the watershed with or without the presence of the existing

reservoirs.

The primary concern of the study is the effect of a large number

of reservoirs within a larger watershed on annual downstream water yield

values; therefore, a model that would simulate water yield at a down-

stream point continuously over a season, or annually, was also sought.

The model selected was the U. S. Department of Agriculture

Agricultural Research Service's model of watershed hydrology: USDAHL-74,

Revised Model of Watershed Hydrology (Holtan and Lopez, 1974).

The primary reason for selecting this model was that its input

parameter for depression storage seemed a reasonable way of representing

the stock tanks within the watershed. It also had a parameter for soil

cracking due to swelling soils, which is characteristic of the study

area; it provides a continuous output of daily streamflow values; its

input parameters are estimated from actual physical watershed

23
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characteristics; and the required input data were for the most part

readily available for the study area. The model was also selected

because it is a known and documented model, and it was designed for

clarity and versatility to serve in the planning of structures and pro-

cedures that will control the times, routes, and amounts of water flow

(Holtan and Lopez, 1974).

Model Description 

The model is the third edition of the original model, USDAHL-70;

it is an updated and improved version. The major change in this revision

is in the method for computing evapotranspiration. It also contains many

improvements in subroutines and output capabilities.

Mathematically, the model is based on an algebraic accounting of

water storage and flow through the hydrologic cycle on the watershed from

the top of the watershed to its outlet (England, 1975).

Input data to the model include precipitation, pan evaporation,

temperature, agricultural practices, and land uses. Precipitation 
input

consists of a continuous record of rainfall or 
snowfall weighted to

represent the entire watershed, a probable 
significant source for error

in predicting runoff from summer rainfall 
in Arizona. Air temperature

data are required in the form of weekly averages 
of daily means for the

entire watershed. Pan evaporation data required 
are weekly averages of

the daily totals. Additional soil, watershed, crop, 
hydraulic, and land

use input data are required to describe the 
watershed's pertinent physi-

cal characteristics.
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If actual data are available in any detail for the area being

modeled, the job of synthesizing the data to determine the input param-

eters required can become rather formidable. A minimum of approximately

36 parameters are required if the area being modeled is relatively small

or homogeneous. In our case, breaking the watershed into four zones,

roughly 114 input parameters were required; all in addition to •the pre-

cipitation, evaporation, and temperature data required.

The model allows the watershed to be broken into smaller homo-

geneous areas called hydrologic response zones. Soils are grouped with

land capability classes to form the zones. Infiltration, evapotranspira-

tion, and overland flow are computed separately for each zone. The zones

represent the elevation sequence of uplands, hillsides, and bottom lands

within the watershed.

Soil characteristics are used to compute storage capacities in

each hydrologic response zone. Rates of all the hydrologic processes

are either linear or nonlinear functions of the exhaustion of these

storage capacities. Threshold values are estimated from established data

or inferred from physical characteristics of the area.

Evapotranspiration potentials are estimated by coefficients

applied to published pan evaporation data. Growth index curves for each

crop or vegetative cover type are then computed and used in combination

with water currently in storage available for plants to compute daily

evapotranspiration rates. The growth index curves are computed by the

program based on the input of 52 weekly averages of air temperature data.
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Infiltration and rainfall excess are computed for each zone by

comparing observed rainfall to the computed infiltration capacities.

Water is infiltrated into the soil as a direct exponentially decaying

function of the available storage capacity remaining in the upper soil

layer. Infiltration then converges on the constant rate of infiltration.

The rate of overland flow is computed by an adaptation of the

continuity equation. The rainfall or snowmelt in excess of infiltration

is routed across each hydrologic response zone and cascaded, subject to

further infiltration across designated subsequent zones enroute to the

channel (ioltan and Lopez, 1974).

Channels flows and subsurface return flows are routed by simul-

taneous solutions of the continuity equation and a storage function.

Channel storage coefficients are obtained from analysis of the recession

limbs of typical hydrographs for the watershed. Flow from each zone is

routed separately through watershed storage, and then the total of all

inflows to the channel is routed using the channel storage coefficient to

obtain the outflow hydrograph for the watershed.

There are several options available in obtaining output from the

model which include monthly and annual summaries of precipitation, runoff

or streamflow, evaporation, transpiration, and groundwater recharge data

for the entire watershed. A detailed accounting of each part of the

hydrologic cycle in each soil layer or each response zone can also be

obtained on a daily basis. Watershed storm hydrographs can also be

obtained for specified storms.
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Model Calibration 

Six years of data representing typical high, medium, and low

water yield years were selected from the 14 years of available records.

Three of the years, one of each yield type, were used in an attempt to

calibrate the model after which the additional three years were to be run

to verify or test the best set of parameters determined during the cali-

bration runs.

The criterion used for calibrating the model was total annual

water yield in conjunction with an adequate reproduction of the distribu-

tion of runoff throughout the year. The goal was to predict annual and

monthly totals to within 10 or even 20 percent of actual values.

The first few runs immediately showed that runoff from spring

snowmelt and from summer rainfall were two completely different processes

which the model could not adequately simulate with one set of parameters.

Calibration of the model was then focused on reproducing seasonal

totals, first for the winter through spring snowmelt runoff period and

then for the summer and fall runoff period.

After numerous runs with the three calibration years with

seemingly no obvious improvement and with a particularly disturbing lack

of consistency in the results, all six years of data were run to see what

would happen. By comparing the results for all six years, a consistent

pattern was recognized. The model was consistently underestimating

runoff for the spring runoff period, except for the two low water yield

years in which it was overestimating flows. The model seemingly treated

spring runoff for the two low yield years the same way it had the summer
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runoff periods. In the low yield years very little snow accumulation and

melt had occurred. Runoff evidently resulted from processes similar to

those typical of summer rainfall runoff events.

Because of this, the two years of data representing the low yield

years were dropped and the remaining four years were used to calibrate

the model for the spring snowmelt period. The best results of numerous

parameter manipulations, made to reproduce as closely as possible the

total water yield for each of the four years using one set of parameters,

are displayed in Table 4.

Summer runoff was generally greatly overestimated by the model;

however, the lack of consistent results made calibration impossible. The

model evidently is not able to account adequately for the variability and

the typically non-uniform distribution of summer type rainfall, particu-

larly on a watershed the size of Red Tank Draw; in addition, the precipi-

tation input data probably did not adequately describe the variability of

rainfall intensity during given storms. Attempts to use the model for

predicting summer runoff were therefore abandoned.

The inability to predict runoff during the summer and low flow

periods is probably not too important in relation to predicting water

yield for the area since the majority of runoff occurs during the winter

and spring snowmelt periods. However, as shown by previous studies, the

effect of reservoirs on streamflow is greatest and most critical during

low flow periods. Findings on the effect of the reservoirs on streamflow

for the high and average flow years, used in this study, can be assumed
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to represent the average or minimum effect possible. The effects for the

more critical low flow periods can only be inferred using the USDAHL-74

model.

Determination of Runoff Retained by the Reservoirs 

Evaluation of the effect of the stock tanks on streamflow required

the determination of the amount of water actually caught and retained by

these reservoirs. This was accomplished by determining the total storage

capacity of each of the tanks within the study watershed. The reservoir

capacities were determined from contour maps of each tank using the End

Area Formula for prismoids (Breed, Hosmer, and Bone, 1958). The contour

maps, with one-foot intervals, were plotted from aerial photographs,

using a Kelsh plotter, by a professional operator. The stereo-

photographic coverage of the ponds was obtained by a private firm,

specifically for this purpose.

Depression storage was the model parameter used to represent

reservoir storage. Depressions on the land surface act as reservoirs,

holding a volume of water until it is dissipated by infiltration or

evaporation (Holtan and Lopez, 1974). In the model, this parameter is

associated with the crop or vegetation type found within each response

zone. The extent of the vegetation type is input as a percent of the

total area of the zone, to the nearest tenth of a percent. The most

realistic representation of the spatial distribution of the reservoirs

over the watershed would be to create a crop type to represent the

reservoir storage capacity in each zone. Then the surface area of the
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ponds could be converted to a percent of the zone area and average pond

depth to the depth of depression storage.

This, however, is not possible due to the small areal extent of

the ponds within each zone. The combined surface area of the reservoirs

within each zone was less than 0.1 percent of the total zone area, the

limit of sensitivity of the crop area parameter. Therefore, an addi-

tional response zone was created below the three natural zones to repre-

sent the combined storage capacities of all the reservoirs within the

entire watershed.

This fourth zone was given one crop type to represent the

combined surface area of all the ponds within the watershed with depres-

sion storage for the crop used to represent the average depth of the

reservoirs. This was the best representation of the actual physical

situation that could be obtained using the model in its existing form.



RESULTS AND DISCUSSION

Model Calibration 

Poor correlation between actual and predicted runoff was obtained

for low yield years and the summer runoff season. Precipitation-runoff

relationships were assumed to be similar to the summer for the two low

yield years in which no consistent correlation between actual versus pre-

dicted runoff could be made.

Consistent results were obtained in the calibration attempts when

the remaining four test years, which represent average and above average

water yield years were used. Adjustments made to the parameters affecting

water yield resulted in being able to come within 22 percent, 7 percent,

and less than 1 percent for three of the four years using one set of

watershed parameters for all four years. Adjustments in parameters to

reduce the error for 1962 only resulted in increasing the error on all

the other years; therefore, the minimum error of 48 percent for 1962 was

accepted, while keeping the other three years as close to actual as

possible.

Individual monthly totals for any given year differ greatly from

actual totals and in no obvious pattern. For some months, the model over-

estimates and in others it underestimates. The timing or response of

runoff to individual storm events also varies significantly. Therefore,

some of the large differences in individual months are accounted for when

several adjacent months are totaled. Differences between predicted and

32
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actual values for the seasonal totals are very small, at least for the

winter and spring runoff periods (again, except for 1962).

The major source of error is the assumption that rainfall is uni-

form over the entire 49 square mile watershed. This would explain why

the model works much better for winter and spring runoff events than for

summer events. The other large source of error is that the input for

precipitation was made assuming an average uniform intensity not only

with respect to area but also over the duration of each individual rain-

fall event. In arid regions of the Southwest, summer rainfall events,

being convective in nature, do not fit this restriction. Assuming

uniform intensities for the relatively uniform, low intensity, long dura-

tion, frontal type storms received in the winter months over such a large

area could also be a source of error. The time required to input break-

point precipitation data, entering the beginning and ending times for

each event, and even assuming uniform intensity for each storm, was sig-

nificant for the six test years of data. The input of more detailed

precipitation data was not possible within the scope of this study.

More accurate prediction of runoff could undoubtedly be obtained

by inputting the variation in rainfall intensity during storm events if

such data were available, and if time and manpower were available to

synthesize and input such data.

Another possible source of error for the spring runoff could be

the model's subroutine for determining snowmelt runoff. This was pointed

out by the authors of the model as being a weak component (Holtan and

Lopez, 1974).
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The Effect of Stock Tanks on Streamflow 

The majority of the ponds were constructed prior to the instru-

mentation of the watershed. Therefore, the model was calibrated with the

reservoirs in place. Model parameters depression storage and the area

for zone four were used to represent the combined storage capacity of all

the stock tanks within the watershed.

To determine the effect of the stock tanks on streamflow, or

water yield, the depth of depression storage in zone four was reduced to

a value corresponding to the actual value of depression storage for zone

four. This, in effect, removed all the stock tanks within the

watershed.

The results of running the model with and without the presence of

the stock tanks are shown in Tables 5 through 7.

Runoff totals, as shown in Table 5, decreased an average of 6.3

percent for the four different spring runoff periods. Decreases in water

yield range from 2.6 percent during the wettest year to 10.7 percent for

the driest year. The reduction in flow due to the ponds can be greater

than their total storage capacity of 124 acre-feet because of the

sequence of evaporation and seepage losses and subsequent refilling of

the ponds during the year.

Although the model did not adequately simulate the dry years or

summer runoff, the above results indicate that the effect of the ponds on

streamflow would probably be even greater than 10 percent in dry years,

and during the summer and fall runoff seasons.
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Table 5. The Effect of Reservoirs on Spring Runoff.

Simulated Runoff
Totals (ac-ft)	 Reduction in Water

With	 Without
	 Yield Due to Ponds 

Year	 Ponds	 Ponds	 Acre-Feet	 Percent

1958	 5,607	 5,756	 149	 2.6

1962	 2,523	 2,732	 209	 7.6

1966	 1,043	 1,168	 125	 10.7

1968	 3,713	 3,883	 170	 4.4

Totals:	 12,886	 13,539	 Average:	 163	 6.3

Table 6. Summary of Study.

Location	 Arizona

Study area size (sq mi)	 49

Area above reservoirs (%) 	 32

Reservoir capacities (ac-ft/sq mi of area drained)	 0.012

Reduction in streamflow (%)	 2.6-10.7
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A review of literature on the effect of small reservoirs on

streamflow or water yield shows that stock tanks or small reservoirs do

decrease water yield downstream and that during low yield years, or in

more arid regions, their effect is more significant. Other studies found

reductions from 2.2 to 33 percent in annual downstream water yield due to

the presence of small reservoirs, floodwater-retarding structures, stock

tanks, and similar impoundments.

The characteristics of the study area are summarized in Table 6,

in the same format as those for other studies summarized in Table L.

The Arizona results are very similar to those shown in Table 1.

Table 7 shows monthly and seasonal totals and the percent reduction in

flow due to the presence of the ponds.

Figures 7 through 10 show the model-predicted hydrographs of

daily flows for the winter and spring runoff periods of 1958, 1962, 1966,

and 1968, respectively. Each year was run with and without the presence

of the stock ponds. The primary influence of the ponds is associated

with the first runoff period of the year when the ponds are dry. Once

the ponds filled, a dry spell of at least a month was required before the

ponds would show any effect on the next runoff event.
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SUMMARY AND CONCLUSIONS

1. The model did a poor job in reproducing runoff for dry periods

and summer months. This is probably due to the size of the

watershed and the fact that the model distributes rainfall uni-

formly over the entire area. The other reason for these poor

results is the additional assumption, made because of the time

constraints of the research project, that rainfall intensity was

uniform for the duration of each storm event.

2. The model did a relatively good job of reproducing runoff totals

for average and above average winter and spring runoff periods.

3. The task of synthesizing the data for input to the model becomes

more formidable as the watershed becomes more complex.

4. The larger the watershed and/or the more variation in areal

distribution of precipitation, the more difficult it will be to

get reliable results from the model.

5. The efficiency of the model decreases as the variation in rainfall

intensity during given storm events increases. Probably more

detailed rainfall data would improve results; however, when

modeling on an annual or seasonal basis, it can be a very time-

consuming and tedious task to prepare these additional data.

6. Modeling has shown that the 27 small earthen reservoirs within

Red Tank Draw do affect downstream water yield. Streamflow was

reduced: 2.6, 7.6, 10.7, and 4.4 percent for the years tested.
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7. The percent reduction in streamflow was greatest during the

driest years, although the total volume reduction of flow was

less.

8. The ponds primarily affect the rising limb of the hydrograph and

the peak. Generally, the longer the period between runoff events

the greater the effect the reservoirs have in reducing streamflow.

Many interrelated factors determine the total effect of small

reservoirs on streamflow and downstream water yield. These factors

include: watershed size, the area above each reservoir and the total

area above a system of reservoirs, the total number of ponds, the pond

storage capacity, the pond geometry, soil and geologic characteristics of

the basin, channel characteristics, and climate.

Although the modeling of Red Tank Draw and its system of small

reservoirs did not represent the real system exactly, the results do

agree quite well with the findings of previous research.

A question still unanswered is: How much of this water trapped

by the reservoirs would have eventually ended up far enough downstream to

be available for potential users. As concluded by Kennon (1966), the

change in volume of streamflow attributable to a system of reservoirs may

be stated with confidence for points immediately below them, but it is

very difficult to evaluate such changes with the same degree of confi-

dence for points some distance downstream.

Although some doubt may still exist as to extent of the effect of

the reservoirs the farther downstream one goes, it does seem obvious and

well-documented that small earthen reservoirs do reduce streamflow.
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Stock watering devices are essential, however, for good range

management and the maintenance of good watershed conditions. Wildlife

also benefits from the presence of these reservoirs.

Because of the necessity for stock watering devices on arid and

semi-arid rangeland watersheds and the increasing demand for downstream

water yield, an alternative to the small earthen instream reservoirs would

seem desirable.

Water harvesting systems would be such an alternative. Cluff

(1972) suggests that the use of water harvest systems instead of earth

stock tanks would result in a more reliable water supply for livestock in

addition to providing additional water that is needed by downstream users.



RECOMMENDATIONS FOR FURTHER RESEARCH

A situation exists within the Beaver Creek Research Watershed to

study the effect of an individual, typical stock water reservoir on

streamflow and sediment yield. There are numerous small research water-

sheds within the Beaver Creek area similar in size to those draining into

existing stock ponds. These research watersheds have a minimum of 15

years of streamflow data on them. All that would be required would be to

construct a typical earthen reservoir immediately upstream from the pre-

sent gage site and just continue monitoring. It is rare that a situation

exists where 15 years of "before" type data is already available. This

effort would require a minimal investment and would give direct measure-

ments of the effect of a small reservoir on streamflow directly downstream

from the reservoir.

Identified during this study were also a need for a comprehensive

watershed model that can account for variations in the areal distribution

of rainfall, and more information on the routing characteristics of

ephemeral channels in order to determine how far downstream the effect of

the small earthen reservoirs extend.

A more thorough evaluation of the model and the effect of the

ponds could be accomplished by running some or all of the additional 10

years of data available on Red Tank Draw.
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