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ABSTRACT

A number of factors contribute to the importance of careful consideration in the

placement of new stock ponds and the prioritization of cleaning or reconstruction of

existing ponds. Various pond site and watershed characteristics were compared between

non-functioning and functioning ponds in southeast Arizona. Development of a

predictive model for pond-watershed relationships included analysis of the relationships

associated with isohyetal and isothermic designations, using data readily available within

the study area. There appear to be few differences in the materials used for dam

construction, pond shape, estimated watershed Curve Numbers, mean number of days at

capacity per year, or mean number of days dry per year. The differences are more

apparent when considering pond depth, maximum capacity and percent of runoff

captured. There is a strong correlation between pond volume and watershed area for

functioning ponds, particularly in the broadleaf woodland vegetation type (r2 = 0.99, n =
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INTRODUCTION

Although natural resource management can be successful without stock water ponds,

these ponds can serve a major role in achieving management goals. Properly designed

and located ponds collect and store water to satisfy management objectives for livestock

watering, livestock and wildlife distribution, habitat enhancement, erosion control, grade

control, and fish and endangered species management. Other names used to describe

these ponds are stock tanks, livestock water ponds, farm ponds, catchments, stock ponds,

dugouts, plugs, tanques, dams and reservoirs. Statutorily they are called stockwatering

ponds.

Properly functioning ponds satisfy economic requirements of land management agencies

and area ranches. These ponds provide relatively inexpensive water sources for

livestock, when compared to more expensive delivery systems with wells, pipelines,

storage tanks and troughs (Valentine, 1989; Imler, 1996). Properly distributed ponds also

aid in uniform distribution of livestock across rangelands.

From an agency perspective, a number of factors contribute to the importance of careful

consideration in the placement of new stock ponds and the prioritization of cleaning or

reconstruction of existing ponds. Shrinking budgets and shrinking grazing fee collections

are reducing the funding available for stock pond maintenance (cleaning) and

reconstruction. Reduced livestock numbers (USFS, 1995 and 1996) and poor market
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conditions in recent years have also reduced the financial resources available for pond

maintenance and reconstruction.

Recent and current litigation is causing changes in agency priorities for range

improvement expenditures. In addition, general water rights adjudications are now

taking place in Arizona. Some parties have proposed summary adjudication of certain

classes of uses (stock ponds) which comprise the majority of water rights claims but

which may have a negligible impact on watershed yield (Young et al., 1996). Recent

decisions by the state legislature have created uncertainty regarding water rights within

the state of Arizona (A.R.S. § 45-5, 45-10). One result of this legislative action has been

a policy by the Southwest Region of the Forest Service for no new stock water ponds on

lands administered by the Coronado National Forest until a myriad of water rights issues

are clarified.

Site selection for a pond is important, and preliminary studies are needed before

completion of the final design and construction. Analysis and selection of a site should

be based on landscape structure and associated ecological functions and values. Four

classes of attributes need to be considered during site selection and pond design. They

are (1) geomorphic, (2) hydrologic, (3) engineering, and (4) other. Geomorphic attributes

include width and depth of the channel section and potential spillway location and the

nature of the pond area. Hydrologic attributes include runoff and sediment production.

Engineering considerations are availability of materials and cost. Other attributes are
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primarily concerned with effectiveness of satisfying land management objectives (USDI

Bureau of Reclamation, 1977).

Suitability of a pond site depends on the ability of the soils in the reservoir area to hold

water. Special consideration should be given to potential seepage losses through or under

the earth fill or deep percolation through the bottom of a pond site. The soil should

contain a layer of material that is impervious and sufficiently thick to prevent excessive

seepage. Sites with deep, heavy, clay soils carefully prepared and compacted will

prevent most seepage losses. Clay and silt-clay soils are excellent for pond sites; sandy

and gravelly clays are usually satisfactory. Coarse textured sands and sand-gravel

mixtures are highly pervious and usually unsuitable (USDI Bureau of Reclamation, 1977;

Valentine, 1989; Deal et al., 1997).

Within inherent limitations, ponds are constructed to hold as much water as needed to

meet management objectives. Earthen ponds are sometimes constructed with a trap or

smaller pond above them to catch sediment carried by runoff water (Valentine, 1989;

Holochek et al., 1998). Generally, a good site is one where a dam can be built across a

narrow section of valley, the side slopes are steep, and the upstream valley floor slope

permits flooding of a large area. The water must be sufficiently deep to offset losses from

seepage and evaporation. Figure 1 indicates the minimum depth of water for ponds with

regularly expected seepage and evaporation losses, as recommended by the Natural

Resource Conservation Service, for the United States. If permanent or year-round water
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supply is essential, or seepage exceeds 7.62cm/yr, then deeper ponds are recommended

(Deal et al., 1997).

If local runoff is the primary source of water, the contributing runoff volume must be

sufficiently high to maintain water in the pond during droughts. Ponds should only be

placed where there is reasonable expectation of adequate frequency, quantity and quality

of water flow (Valentine, 1989). The expected annual quantity of runoff is dependent on

a wide variety of interrelated factors. Physical characteristics that directly affect water

yield are relief, infiltration, plant cover, drainage area, and surface storage. Storm

characteristics, such as quantity, intensity, and duration of rainfall, also affect water yield.

Each of these factors must be considered when evaluating the watershed area conditions

for placement of a pond (Deal et al., 1997).

Figure 2 is a Natural Resource Conservation Service guide for estimating the

approximate drainage area size, required for a desired water storage capacity, in acre-feet.

Average physical conditions in this figure are assumed to be regularly expected runoff

producing characteristics for a drainage area, such as moderate slopes, regularly expected

soil infiltration rates, fair to good plant cover, and regularly expected surface storage.

The values should be modified to meet local conditions. Reductions by as much as

twenty-five percent are recommended for extreme runoff producing conditions.
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Increases of fifty percent or more are recommended for low runoff producing

characteristics (Deal et al., 1997).

Langbein et al. (1951) reported on the hydrology of eighteen stock water ponds in

Arizona. The tanks studied ranged in volume from 2,590 m 3 to 177,620 m 3 , averaging

4,286 m 3 per square kilometer of drainage area. They concluded there is little need for

the capacity of a tank to exceed the mean annual runoff from the drainage basin, and that

depth was a major criterion affecting performance of a pond. General rules from this

study are (1) ponds should have a minimum depth of 2.1 meters for a capacity of not

more than 2,380 m 3 to 4,760 m 3 per square kilometer of drainage area, and (2) the

capacity of the pond does not need to exceed average annual runoff.

Simanton and Osborn (1973) reported that stock ponds in the southwest could be

instrumented to provide valuable hydrologic information, particularly for rainfall-runoff

relationships and sediment yields. Twelve ponds on the Walnut Gulch Experimental

Watershed were instrumented. However, because of a variety of problems, analyses

based on early records were inconclusive.

Hughbanks (1983) studied and reported on the characteristics and performance of ponds

in the Beaver Creek Watershed in north central Arizona. The major factor relating to the

rate of volumetric decline in June was the pond's surface area, and the ratio of volumetric

decline to the surface area was most affected by pond shape and maximum depth. The
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major factor affecting the ratio of volumetric decline to the maximum capacity of the

pond was the hydraulic radius of the pond.

Little is documented regarding the desirable characteristics associated with properly

functioning stock water ponds in the sky islands areas of southeast Arizona. However,

general rules from experience gained elsewhere are expected to apply in this region

without modification. The Langbein (1951), Avery (1983), and Hughbanks (1983)

studies considered mountain watersheds in Arizona. However, seasonal relationships

within the annual precipitation pattern differ from those in southern Arizona. Although

the Walnut Gulch Experimental Watershed is in southern Arizona, study results were

inconclusive (Simanton and Osborn, 1973). The Natural Resources Conservation Service

method for estimating drainage area size may not apply because rainfall in mountainous

areas is spotty and highly variable (Deal et al., 1997).

This study evaluates various watershed and pond characteristics using methods available

to most land managers, and is restricted to national forest land in southeast Arizona. The

purpose of the evaluation is to determine which characteristics can be used to prioritize

stock water pond sites for construction and maintenance, to compare storage

requirements, and to recommend storage requirements. Pond characteristics analyzed

were (1) on-site soils, (2) depth, (3) shape, and (4) capacity. Watershed characteristics

were (1) Curve Number incorporating vegetation type, range condition, hydrologic

condition, soil parent material, and hydrologic soil group; and (2) rainfall. Curve
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Number estimates were for June 30 with the following assumptions: dry soils, fair

hydrologic condition on the watershed, and fair to good range condition. Fair hydrologic

condition indicates vegetation cover values between 30 and 70 percent. Range condition

is an ecological based determination resulting from a comparison of observed vegetation

characteristics against Natural Resource Conservation Service site guides. Pond and

watershed interrelated characteristics were (1) number of spill events, (2) number of dry

days, and (3) pond volume to drainage area ratio.

The general scheme followed is: (1) collect available data on the ponds by classification

(nonfunctioning, functioning); (2) collect data on watershed soils, cover conditions,

vegetation, etc.; (3) perform hydrologic simulation studies to characterize expected

inflow and storage properties; and (4) compare nonfunctioning vs. functioning situations

in light of the outcome. Insights into current methods and local hydrology are expected.
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STUDY AREA DESCRIPTION

The Nogales Ranger District on the Coronado National Forest in Arizona was chosen as

the site for this study because it typical of those portions of the sky islands in southeast

Arizona grazed by domestic and feral livestock. The district includes approximately

146,000 ha of lands administered by the USDA Forest Service across four mountain

ranges (Figure 3).

Topography: 

The four mountain ranges within the Nogales Ranger District are the (1) Santa Rita

Mountains, (2) Tumacacori Mountains, (3) Atascosa Mountains, and (4) San Luis

Mountains (Figure 4). The Santa Rita Mountains are adjacent to the Santa Rita

Experimental Range and approximately 50 km southeast of Tucson, Arizona. Elevations

within this mountain range are from 1,067 m to 2, 881 m (USGS, 1981 (1 and 2)). The

Tumacacori Mountains are near the community of Tubac, approximately 65 km south of

Tucson, Arizona, along the western side of the Santa Cruz River. Elevations within this

mountain range are from 1,050 m to 1,748 m (USGS, 1981 (5)). Peck Canyon separates

the Tutnacacori and Atascosa Mountains. The Atascosa Mountains are near the city of

Nogales, approximately 100 km south of Tucson, Arizona. This range is also along the

western side of the Santa Cruz River. Elevations within this range are from 1,050 m to

1,957 m (USGS, 1981 (3 and 4)). The San Luis Mountains are between the communities

of Arivaca and Sasabe, approximately 100 km southwest of Tucson, Arizona. Elevations
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FIGURE 3. SITE LOCATOR MAP
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Figure 4. Site Map with Mountain Ranges
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within this range are from 1,140 m to 1,430 m (USGS, 1979 (1 and 2)).

Climate: 

The climate is characterized by relatively wet summers contrasted with predominantly

dry fall, winter, and spring seasons. Almost seventy percent of the average 40 cm to 100

cm annual precipitation falls during the three-month monsoon period, July to September,

in association with warm tropical air that penetrates into southern Arizona from the Gulf

of Mexico. Late summer precipitation may be augmented by moisture from weakened

tropical storms centered in the Gulf of California or off the west coast of Mexico in the

Pacific Ocean (Sellers and Hill, 1974).

Precipitation during the rest of the year is light, typically reaching a minimum in May. A

slight increase normally occurs in winter when cyclonic storms forming in the Pacific

Ocean move sufficiently south to affect southern Arizona. The associated precipitation is

less violent and longer in duration than the convection-generated thunderstorms of

summer. Occasionally, a middle latitude storm will intensify off the coast of southern

California before entering Arizona. These storms can produce several days of continuous

precipitation. Snow is unusual at lower elevations during the cold season months, but it

is not uncommon at the higher elevations. (Sellers and Hill, 1974).

In the last two weeks of June and the first two weeks of July, maximum temperatures

may peak at over 38° C at lower elevations. Maxima in July and August normally lie
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between 34° C and 37° C. with nightly minima falling between 16 ° and 19° C. Average

mid-winter temperatures hover around 10 ° C. Maxima can reach 26° C. Early morning

minima are usually near 00 C. Daily fluctuations of 17 to 22 degrees centigrade are

normal (Sellers and Hill, 1974).

Geology

Several types of rock occur in the area. Intrusive crystalline rocks, mainly granitic, make

up large portions of the San Luis and Santa Rita Mountains. Volcanic rocks, including

rhyolite, dacite, andesite and related tuffs form portions of the Atascosa, Tumacacori and

Santa Rita ranges. Limestone, sandstone and shale form parts of the San Luis and

northeastern Santa Rita Mountains. Consolidated conglomerates and tuffs form parts of

the Atascosa Mountains (Clemmons and Leven, 1971a, 1971b, 1971e;  Richardson, et al.,

1979).

Soils: 

Clemmons and Leven (1971a, 1971b, 1971e) and Richardson et al. (1979) identified five

soil associations within the study area. At least one of these associations is present within

each of the watersheds evaluated in this study. The five associations in decreasing order

of area are (1) Lampshire-Chiricahua-Graham, (2) Caralampi-White House-Hathaway,

(3) Faraway-Rock Outcrop-Barkerville, (4)Bernardino-White House-Hathaway, and (5)

Tortugas-Rock Outcrop. Lampshire-Chiricahua-Graham soils are shallow and very

shallow very cobbly barns, very cobbly clay barns, or cobbly sandy barns on foothills
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and mountains. This association is prevalent throughout the Atascosa, San Luis, and

Tumacacori Mountains and the middle elevations of the Santa Rita Mountains.

Caralampi-White House-Hathaway soils are deep gravelly barns or gravelly sandy barns

on dissected fans and piedmonts. These soils are in the valleys at the base of all four

mountain ranges. Faraway-Rock Outcrop-Barkerville soils are very shallow and shallow,

very cobbly, or cobbly fine sandy barns, or sandy barns and areas of rock outcrop on

mountains. These soils are in the higher elevations of the Santa Rita Mountains.

Bernardino-White House-Hathaway soils are deep gravelly clay barns, gravelly sandy

barns, gravelly barns or clays on fans or piedmont plains. These soils are in the Cienega

Creek valley along the east side of the Santa Rita Mountains. Soils in the Tortugas-Rock

Outcrop association are shallow and very shallow very cobbly sandy barns and areas of

rock outcrop mainly on limestone mountains in the Santa Rita Mountains.

Vegetation: 

The Coronado National Forest Land Management Plan (1987) identifies six upland and

three riparian vegetation types within the study area. Although only two of these types

(most prevalent within the watershed) categorize watersheds evaluated in this study, all

nine are present. The upland vegetation types are (1) southwestern desert scrub,

(2) desert grassland, (3) plains grassland, (4) broadleaf woodland, (5) coniferous

woodland, and (6) coniferous forest. Riparian vegetation types are (1) dry desert, (2)

deciduous and (3) evergreen.
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Southwestern desert scrub is in limited areas with elevations below 1,280 m. Indicator

species for this type include palo verde (Cercidium spp.), saguaro (Carnegia gigantea),

mesquite species (Prosopis spp.), jojoba (Simmondsia chinensis), tarbush (Flourensia

cernua), creosote (Larrea tridentata), catclaw (Acacia greggii), ocotillo (Fouquieria

spp.), and amole (Agave spp.). Mean annual precipitation is approximately 30 cm.

The desert grassland vegetation type is the second most prevalent in the study area. This

type is changing in response to an increase in woody species. It is also one of the two

types used to characterize watersheds within this study. Indicator species for this type are

mesquite (Prosopis spp.), grama species (Bouteloua spp.), three awns (Aristida spp.),

Bush Muhly (Muhlenburgia porteri), cane beardgrass (Bothriochloa barbiodis), Texas

blue stem (Schizachyrium cirratum), tobosa (Pleuraphis mutica), and curly mesquite

(Hilaria belangeri). Elevations with this vegetation type range between 975 m and

1,890 m. Mean annual precipitation is approximately 40 cm.

The plains grassland type is along the eastern edge of the Santa Rita Mountains.

Elevations range between 1,280 m and 2,190 m. Mean annual precipitation is

approximately 50 cm. Indicator species for this type are grama species (Bouteloua spp.),

plains lovegrass (Erigrostis intermedia), and wolftail (Lycurus setosus).

The broadleaf woodland vegetation type is the most prevalent within the study area. It is

one of the two types used to characterize watersheds evaluated in this study. Indicator
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species for this type are emory oak (Quercus emoryi), Arizona white oak (Quercus

arilonica), and juniper species (Juniperus spp.). Mean annual precipitation is

approximately 40 cm. Elevations with this vegetation type range between 1,280 m and

2,190 m.

Coniferous woodland exists at elevations between 1,280 m and 2,190 m in the Santa Rita

Mountains. The mean annual precipitation is approximately 50 cm. Indicator species for

this vegetation type are pinyon pine (Pinus cembroides, Pinus edulis, and Pinus

monophylla), alligator juniper (Juniperus deppeana), Arizona white oak (Quercus

arizonica), and emory oak (Quercus emoryi).

Coniferous forests are present at higher elevations in the Santa Rita Mountains and in

Pine Canyon in the Atascosa Mountains. Mean annual precipitation in this vegetation

type exceeds 60 cm. Elevations are above 1,890 m. Indicator species for this type are

ponderosa pine (Pinus ponderosa), pinyon pine (Pinus cembroides, Pinus edulis, and

Pinus monophylla), Chihuahua pine (Pinus leiophylla), alligator juniper (Juniperus

deppeana), silver leaf oak (Quercus hypoleucoides), Arizona white oak (Quercus

arizonica), Douglas fir (Pseudotsuga menziesii), southwestern white pine (Pinus

strobiformis), Gambe! oak (Quercus gambelii), white fir (Abies concolor), and

Engelmann spruce (Picea engelmannii).
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Dry desert riparian areas occur at elevations below 1,580 m. Indicator species for this

type are desert willow (Chilopsis linearis), seep willow (Baccharis salicifolia), desert

broom (Baccharis sarothroides), and mesquite species (Prosopis spp.).

Deciduous riparian areas have a combination of riparian obligate species in oak/juniper

woodlands. Elevations are greater than 1,280 m. Indicator species for this vegetation

type are Fremont cottonwood (Populus fremontii), Arizona sycamore (Platanus wrightii),

Arizona walnut (Juglans major), wolfberry (Lycium spp.), willows (Salix spp.), and ash

(Fraxinus spp.).

Evergreen riparian areas are higher ecosystem extensions of deciduous riparian areas.

Elevations are greater than 1280m. Indicator species are Emory oak (Quercus emoryi)

and other oak species (Quercus spp.), alligator juniper (Juniperus deppeana), and other

juniper species (Juniperus spp.). There are few, if any, riparian obligate species present.

Land Use:

Land within the study area is used primarily for recreation and livestock grazing. There

is some fuel wood harvesting. Two wilderness areas were designated during the 1980's

(Figure 5): the Mt. Wrightson Wilderness Area in the Santa Rita Mountains and the

Pajarita Wilderness Area in the southern end of the Atascosa Mountains. Goodding

Research Natural Area is within the Pajarita Wilderness. Portions of the Goodding

Research Natural Areas boundary and Pajarita Wilderness boundary overlap. Less
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Figure 5. Wilderness and Research Natural Areas
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than one percent of the study area is privately owned. These areas are primarily used for

mining, livestock grazing and private residences.

Hydrology: 

There are few perennial or intermittent streams within the study area. Snowfall within

the watersheds analyzed in this study is rare. Most streams flow only in response to

rainfall events. May and June are usually the driest months during the year. Summer

rains in July through September come after this dry period and during a time of high

evapotranspiration. Therefore, although stream flow is produced, most of the water is

used to replenish soil moisture and provide water for evapotranspiration. Springs are few

and widely scattered throughout the study area, mostly at higher elevations.

The study area includes portions of six major watersheds. The Santa Rita Mountains are

included in the Cienega Creek (east and north slopes), Sonoita Creek (south slope), and

Middle Santa Cruz River (west slope) watersheds. The Atascosa Mountains are part of

the Middle Santa Cruz River (east and north slopes), Upper Santa Cruz River (east slope),

and Rio Altar (west slope) watersheds. The Tumacacori Mountains are included in the

Middle Santa Cruz River watershed. The San Luis Mountains are included in the

Arivaca Creek (east, north, and west slopes) and Rio Altar (south slope) watersheds.

Bodies of water are common within the study area. According to Forest Service records

(FSRAMIS, 1997), approximately 300 stock water ponds exist within the Nogales
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Ranger District. These range in volume from 600 m 3 to 43,500 m 3 . In addition, Arivaca

and Pena Blanca lakes are within the study area boundaries.
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METHODS

Many of the data required for this study were not readily available. Therefore, specific

needs were often fulfilled through synthesis and extrapolation of readily available data

from other sources. Every effort was made during these synthesis processes to develop

useful data that correlated well with the field observations of Nogales Ranger District

personnel.

A good deal of the information used here is estimated by approximate means and often

uses professional opinions of agency personnel without substantiating measurements.

These professional opinions are referenced as "personal communication." Such steps are

necessary due to the lack of available sources and are common in the routine of agency

operations. Professional judgment, by default, may lessen the comparable credibility of

the results.

As described earlier, data were assembled by function class, and comparative analyses

are based on pond site and watershed information.

Site Selection

The Range/Watershed/Soils/Air Quality staff officer for the Nogales Ranger District, and

his assistant, developed a list of stock water ponds that they considered nonfunctioning.
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Their list was then compared with information received from ranchers using the thirty-

three grazing allotments on the district. Although stock ponds are legally defined as

small (less than 15 acre-feet (18,500 m 3 ) capacity) earthen impoundments constructed

primarily for livestock and wildlife watering (A.R.S. § 45-271), ranger district personnel

were not limited by the size portion of this definition. They were limited by the

requirement for earthen construction.

Functionality was based on answers to two questions from Young and Sejkora (1995):

"Did the ponds fill at any time?" and "Did the ponds provide an adequate water supply?"

A negative answer to either question was sufficient to list a pond as nonfunctioning.

A total of five percent (16) of the nearly 300 documented stock water ponds on the

Nogales Ranger District were initially classified as nonfunctioning. Each of these ponds

was paired with next closest functioning stock pond to provide a sufficient database

(thirty-two ponds) for analysis.

Seven of the 16 stock ponds originally listed as nonfunctioning were removed from the

database for this analysis. The functional status was questionable for five of these sites.

During this study, one site was physically altered to an extent that it was no longer

suitable for this analysis. The collection area for the seventh site includes a nested

watershed with a masonry dam and overflowing pond that could not be accurately

measured for volume. Nine nonfunctioning ponds were used in this analysis (Figure 6).



Legend

1. Beach
2. Box Canyon
3. Fish
4. Lower Turner
5. Old Forester
6. South Boundary
7. Upper Turner
8. Warsaw #2
9. Warsaw #3

Arivaca
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Figure 6. Nonfunctioning Pond Locations
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Six of the 16 stock ponds originally listed as functioning were removed from the database

for this analysis. Functional status was questionable for four of the ponds. One pond

included a concrete dam and was replaced with the next closest pond. The dam recently

failed through the spillway at the sixth site. Eleven functioning ponds were used in this

analysis (Figure 7).

The final database used in these analyses included 20 stock ponds. All comparisons were

between groups (nonfunctioning vs. functioning). There were no analyses as paired

watersheds. All nine ponds listed as nonfunctioning were thought to be incapable of

either collecting sufficient runoff from the associated watershed, or were constructed of

material that allowed all of the collected water to leak out of the collection basin. The

eleven ponds listed as functioning were thought to be capable of collecting and storing

sufficient water to satisfy management needs.

Table 1 lists site names, legal locations, elevation in meters, volume in cubic meters and

drainage area in hectares for the nine nonfunctioning ponds. Elevations are at the

spillway and are based on USGS 1:24,000 scale topographic maps of the study area.

Maximum volumes are based on depth and surface area relationships using the spillway

as the reference level for all measurements. Area data are calculated using USGS

1:24,000 scale topographic maps of the study area. Table 2 lists similar information for

the eleven functioning ponds.



Legend

1. Agua Cercada
2. Barrel
3. Boundary
4. Castle Rock
5. Coches
6. Crreaterville
7. Japanese
8. Lobo
9. Melendrez

10. Sierra
11. Warsaw

10
H
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Figure 7. Functioning Pond Locations
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Table 1. List of Nonfunctioning Stock Water Ponds

Site Location Elevation
(m)

Volume
(m 3 )

Drainage Area
(ha)

Beach T22S, R16E, 33NE 1286 4613 26
Box Canyon T18S, R15E, 34S 1426 962 23
Fish T19S, R15E, 27E 1707 1702 34
Lower Turner T23S, R10E, 16SE 1192 4416 238
Old Forester T22S, RO9E, 03SW 1219 6315 43
South Boundary T20S, R14E, 30SE 1305 4552 115
Upper Turner T23S, R10E, 16NE 1219 5625 26
Warsaw #2 T23S, R10E, 12SW 1305 1838 45
Warsaw #3 T23S, R11E, 18SW 1256 925 47

Table 2. List of Functioning Stock Water Ponds

Site Location Elevation
(m)

Volume
(m 3)

Drainage Area
(ha)

Agua Cercada T22S, R10E, 33NE 1253 13679 173
Barrel T19S, R16E, 06SE 1561 2997 34
Boundary T20S, R14E, 19NW 1207 2381 115
Castle Rock T22S, RO9E, 09NW 1250 7660 27
Coches T22S, RO9E, 33SE 1158 9658 111
Greaterville T19S, R15E, 24Se 1634 7944 68
Japanese T23S, R10E, 01SE 1317 2171 38
Lobo T21S, R12E, 32SW 1329 43492 496
Melendrez T19S, R15E, 22SE 1756 2331 3
Sierra T23S, R10E, 09W 1164 5316 29
Warsaw T23S, R10E, 13NE 1280 7857 22
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Data Collection

Ponds:

Young and Graf (1979) reported a method developed by Arizona State Land Department

staff for estimating the capacity of stock ponds, or Estimated Maximum Volume, that

employs the geometric shape and three dimensional configurations found in the field.

The relationships between shapes and dimensions were derived through evaluations by

field personnel with experience visiting and measuring numerous stock ponds, as well as

actual field measurements. An evaluation by Young (1996) of this method indicates that

one person can quickly and reliably estimate the original as-built capacity of stock ponds

over a wide range of sizes and configurations. Young further stated that the method has

limitations with ponds that do not conform to standard geometric shapes and/or are larger

than 15 acre-feet (18,500 m 3 ).

The method used to determine Estimated Maximum Volume is described in "Guidelines

for Computing Capacities of Stockwatering Ponds and Small Impoundments and Lakes"

(Young and Graf, 1979) was used to calculate storage capacities for all stock pond sites

in this study. Dimension data were collected using a range finder and a clinometer.

Surface dimensions were measured at the spillway elevation. Special care was taken to

guarantee accurate measurement of dam and spillway heights. Based on field experience,

including observations of dry ponds, the elevations of the tank bottoms were assumed to

be the same as the primary drainage channels at the base of the dams. Pond bottom



dimensions were estimated using available surface dimensions, depth estimates, and

slope angles. Coefficients required for calculation of volume are based on pond

geometric shape and are included in the publication.

Table 3. Stock Water Pond Data

Site Basic Shape Depth
(m)

Volume
(m s)

Maximum
Surface Area

(m2)

Nonfunctioning
Beach Trapezoidal 2.44 4613 9360
Box Canyon Elliptical 2.44 962 591
Fish Rectangular 3.05 1702 1421
Lower Turner Egg 3.05 4416 1703
Old Forester Trapezoidal 3.66 6315 19044
South Boundary Egg 2.74 4552 1951
Upper Turner Egg 2.74 5625 2415
Warsaw #2 Triangular 4.57 1838 1617
Warsaw #3 Trapezoidal 3.05 925 1003
Functioning
Agua Cercada Egg 4.27 13679 3905
Barrel Elliptical 2.74 2997 1642
Boundary Egg 1.83 2381 1533
Castle Rock Egg 4.57 7660 2324
Coches Trapezoidal 3.96 9658 5648
Greaterville Egg 3.66 7944 3010
Japanese Trapezoidal 2.74 2171 2973
Lobo Trapezoidal 7.32 43492 18116
Melendrez Elliptical 3.96 2331 883
Sierra Elliptical 3.35 5316 2393
Warsaw Egg 3.05 7857 3575
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Soil samples were collected from the dam at each of the pond sites in this study. A

minimum of two liters of soil was collected from a sample hole in the downstream side of

each dam. A two-liter sample provided sufficient material for particle size analysis and

any spillage prior to or during the analysis process. The hole was burrowed in the dry

side of the dam, approximately one-third of the distance up from the base. The location

was chosen to provide a representative sample of the original basin and dam material.

Any potential variability in particle size distribution within the basin as the result of

fluctuating water levels or sediment deposition through time was avoided by taking

external samples. This is a location easily accessed at all sites regardless of water level

within the basin. Care was taken to choose locations minimally impacted by livestock or

otherwise altered since construction.

Certain additional data were gathered at each pond site, to either verify other sources or

to provide additional information. Pond site data include photographs of the ponds from

points at or near the spillway and main drainage inlet, and photographs of the main

drainage channel that include the high water mark of the basin. Additional photographs of

unique engineering structures were taken at some sites.

Watersheds:

Watershed data include a general assessment of vegetation types, range condition, and

watershed condition. One or more photographs were taken of the watershed from the

pond site. Range condition ratings were based on species composition, vegetative
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production, and ground cover, as compared to Natural Resource Conservation Service

(Soil Conservation Service, 1988a-j and 1996a-k) site guides. Hydrologic condition

ratings were based on vegetative material cover (shade and litter). Vegetative cover on all

of the watersheds ranged between 30 and 70 percent. Watershed boundaries were

mapped using USGS 7.5-minute quadrant maps.

Climate:

Climate data from the study area and the immediate vicinity from various sources (Sellers

and Hill, 1974) were reviewed. Precipitation data from twelve recording stations were

chosen for consideration of inclusion in any modeling used during the analysis process.

Table 4 lists the location, elevation, and number of years of data for each precipitation

recording station. Precipitation data were cross-correlated between stations to develop

estimates of mean annual precipitation for each station. The period from 1941 through

1970 was chosen for correlation. This 30-year interval includes periods of activity for all

the reporting stations. Table 5 displays the extrapolated mean annual precipitation for

each station after cross-correlation.

Temperature data from four reporting stations were chosen for inclusion in any modeling

used during the analysis process. Each of these stations is within 30 km of at least one

pond. Table 6 displays locations, elevations and the number of years of records for each

of these stations.



Table 4. Climate Data Recording Locations — Precipitation

Recording Site Location
(Lat, Long)

Elevation
(m)

Total Years
Of Data

Amado 31/42,	 111/ 3W 945 36
Arivaca lE 31/35,	 111/19W 1120 37
Bear Valley Ranch 31/25,	 111/11W 1227 15
Mount Fagan Ranch 31/55, 110/46W 1146 25
Nogales 31/21, 110/56W 1161 53
Nogales 2N 31/21, 110/56W 1145 21
Patagonia 31/33, 110/45W 1233 47
Ruby 4NW 31/30, 111/17W 1212 11
Santa Rita Experimental Range 31/46, 110/51W 1311 68
Sasabe 31/29, 111/33W 1094 40
Sasabe '7NW 31/35, 111/36W 1166 48
Tumacacori 31/34, 111/ 3W 995 53

Note: Santa Rita Experimental Range is at the official NOAA reporting station.
The NOAA index numbers are 3981 (1931-1950) and 7593 (1950-1972).

Table 5. Mean Annual Precipitation Standardized By
Correlation To 1941 — 1970 Sam lin
Recording Site Mean Annual

Precipitation
(cm)

Amado 32.1
Arivaca lE 39.6
Bear Valley Ranch 49.0
Mount Fagan Ranch 37.3
Nogales 39.3
Nogales 2N 39.3
Patagonia 43.9
Ruby 4NW 44.3
Santa Rita Experimental Range 50.3
Sasabe 40.4
Sasabe 7NW 44.2
Tumacacori 35.0

Note: Santa Rita Experimental Range is at the official
NOAA reporting station. The NOAA index
numbers are 3981 (1931-1950) and 7593 (1950-
1972).
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Table 6. Climate Data Recording Locations — Temperature

Recording Site Location
(Lat, Long)

Elevation
(m)

Total Years
Of Data

Santa Rita Experimental Range 31/46, 110/51W 1311 65

Sasabe 31/29, 111/33W 1094 38
Tucson Weather Service Office 32/ 8, 110/56W 788 29
Tumacacori 31/34, 111/ 3W 995 50

Pan Evaporation data from the Nogales 2N reporting station were selected for use in pond

evaporation analyses. This is the closest reporting site to the ponds analyzed.

Soils:

Soil mapping units based on completed soil surveys (Clemmons and Leven, 1971a,

1971b, 1971c; Richardson et al., 1979) were added to the velum watershed outlines.

Table 7 displays a listing of soil mapping units, soil parent material, and the primary

hydrologic soil group for each watershed. A summarized description for each of the

listed soil mapping units is included in Appendix A, Soil Mapping Unit Descriptions.

Soil mapping units are listed in descending order from most to least prevalent in

occurrence within each watershed. Parent material data are listed in the same order. The

parent material for some soil mapping units includes alluvium of volcanic origin. These

were not separated into a distinct category for these analyses.
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Table 7. Watershed Soil Data

Watershed Soil Mapping Units
(Richardson et al., 1979)

Soil Parent Material Hydrologic
Soil Group

Nonfunctioning
Beach McF, CgE Limestone, Granitic D
Box Canyon LcF Volcanic D
Fish BaE, BgF Granitic C
Lower Turner WoE, LcF, CgF2, CtB Volcanic, Granitic C
Old Forester LaF, LcF Volcanic D
South Boundary McF, LcF Limestone, Volcanic D
Upper Turner WoE Granitic C
Warsaw #2 LcF Volcanic D
Warsaw #3 LcF, LaF Volcanic D
Functioning
Agua Cercada LcF, WoE Volcanic D
Barrel HaF, WgC Volcanic B
Boundary McF, Bid) Limestone D
Castle Rock LcF, CrD Volcanic, Granitic D
Coches LaF, CrD, SoB, LcF Volcanic, Granitic D
Greaterville FrE, CmE Granitic, Limestone, Shale D
Japanese CrD Granitic D
Lobo Rr, LcF, LgF, GhF, GhD Volcanic D
Melendrez BgF, LcF Granitic, Volcanic C
Sierra CgF2, WoE Granitic B
Warsaw LcF, CrD Volcanic, Granitic D

Vegetation Types: 

Vegetation within the study area was classified into two categories. These categories are

based on vegetation type information from the Coronado National Forest Land

Management Plan (1987) and indicator species present within the watersheds.
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The desert grassland vegetation type has the following indicator species: (1) mesquite

(Prosopis spp.), (2) grama species (Bouteloua spp.), (3) three awns (Aristida spp.),

(4) Bush Muhly (Muhlenburgia porteri), (5) cane beardgrass (Bothriochloa barbiodi.․),

(6) Texas blue stem (Schizachyrium cirratum), (7) tobosa (Pleuraphis mutica), and

(8) curly mesquite (Hilaria belangeri). Mean annual precipitation is approximately

40 cm. Elevations with this vegetation type range between 975 m and 1,890 m.

The broadleaf woodland vegetation type has the following indicator species: 1) Emory

oak (Quercus emoryii), 2) Arizona white oak (Quercus arizonica), and 3) juniper species

(Juniperus spp). Mean annual precipitation is approximately 40 cm. Elevations with this

vegetation type range between 1,280 m and 2,195 m.

Table 8 displays the dominant vegetation type, range condition class, and hydrologic

condition class for each watershed. Vegetation type refers to categories previously

described (pp. 26-28, 44). Range condition ratings are based on species composition,

vegetative production, and ground cover, as compared to Natural Resource Conservation

Service site guides (pp. 40-41). The basis for hydrologic condition ratings is described on

page 41.
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Table 8. Watershed Vegetation Data

Watershed Vegetation Type Range
Condition

Hydrologic
Condition

Nonfunctioning
Beach Desert Grassland Good Fair
Box Canyon Desert Grassland Good Fair
Fish Broadleaf Woodland Good Fair
Lower Turner Desert Grassland Good Fair
Old Forester Desert Grassland Good Fair
South Boundary Desert Grassland Good Fair
Upper Turner Broadleaf Woodland Fair Fair
Warsaw #2 Desert Grassland Good Fair
Warsaw #3 Broadleaf Woodland Fair Fair
Functioning
Agua Cercada Desert Grassland Good Fair
Barrel Broadleaf Woodland Good Fair
Boundary Desert Grassland Fair Fair
Castle Rock Desert Grassland Good Fair
Coches Desert Grassland Good Fair
Greaterville Broadleaf Woodland Good Fair
Japanese Broadleaf Woodland Good Fair
Lobo Broadleaf Woodland Good Fair
Melencirez Broadleaf Woodland Good Fair
Sierra Desert Grassland Good Fair
Warsaw Broadleaf Woodland Good Fair
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ANALYSIS

Pond Sites

Soils:

The main item of interest here is the material composition of the dam. Water volume

displacement, as described in a Soil Technical Note from the Tucson Soil Survey Office

(Soil Conservation Service, 1993), is a quick, reliable, and repeatable method for

determining the percent of gravel in a given soil. This method is accurate, providing

consistent results among many soil scientists, and is easy to perform under field

conditions. Soil samples from each of the pond dams were analyzed using this process.

The results are presented in Table 9.

Particle size distribution is one of the most stable properties of a soil and is closely

related to water retention characteristics. This distribution of sand, silt, and clay within

the fine material of soils is widely used to characterize soils in ecological studies. Soil

classification in the United States is partially based on particle size distribution (Grigal,

1973).

The Bouyoucos hydrometer method of particle size distribution analysis, a relatively

simple and rapid sedimentation procedure, is sufficiently accurate to be used in research.

The method, as developed and modified by Bouyoucos, requires two hydrometer
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readings of a settling soil suspension: one at 40 seconds after shaking for determination

of total sand and one at two hours after shaking for determination of total clay.

Modifications to the original procedure have occurred that increase the accuracy of

measurements.

Grigal (1973) recommends soaking the soil samples in dispersing agent overnight and

replacing the two-hour reading with an eight-hour reading. Breckenfeld (1998) and

Svetlik (1998) concurred with overnight soaking. They indicated that a four-hour reading

Table 9. Soil Analysis Results

Site Gravel
(%)

.Sand
- (%)

Clay
(%)

Texture	 .

Nonfunctioning
Beach 40 54 24 Sandy clay loam
Box Canyon 51 70 14 Sandy loam
Fish 20 68 14 Sandy loam
Lower Turner 39 38 22 Loam
Old Forester 35 62 22 Sandy clay loam
South Boundary 43 60 22 Sandy clay loam
Upper Turner 44 60 22 Sandy clay loam
Warsaw #2 45 54 16 Loam
Warsaw #3 55 46 24 Loam
Functioning
Agua Cercada 53 60 18 Sandy loam
Barrel 36 68 16 Sandy loam
Boundary 42 60 22 Sandy clay loam
Castle Rock 42 54 16 Sandy loam
Coches 28 44 30 Sandy clay loam
Greaterville 46 46 30 Sandy clay loam
Japanese 28 54 22 Sandy clay loam
Lobo 18 38 32 Clay loam
Melendrez 42 84 8 Loamy sand
Sierra 42 46 22 Loam
Warsaw 49 52 16 Sandy loam
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should provide sufficient accuracy for this study. The method chosen was a modified

version of the procedure described by Grigal (1973). Soil samples of 50 g were allowed

to soak overnight and four-hour readings were used. Soil texture, based on a standard

texture triangle (Singer and Mtums, 1987), and percent clay, by weight, within the fine

fraction of soil samples from each site are included in Table 9.

Depth :

To ensure permanent water supply, the water must be sufficiently deep to meet the

intended use requirements and to offset probable seepage and evaporation losses, which

vary from year to year. Deal et al. (1997) describes the recommended minimum depth of

water for ponds if seepage and evaporation losses are within the regularly expected range.

The minimum recommended depth for semiarid locations is 3.05 m (10 ft). The

minimum depth for arid locations is 3.66 m (12 ft). The as-built depth for each pond was

estimated based on measurements and field experience, as previously described (pp. 38-

39). Table 10 displays a comparison of the estimated depth for each pond with the

recommended depth from Deal et al. (1997).

Sites with oak woodland or oak savanna watersheds were classified as semiarid. Desert

scrub, semidesert grassland, and mesquite grassland-dominated sites were classified as

arid. The minimum values from Deal et al. (1997) for each category (arid, semiarid)

were used in the comparison displayed in Table 10. The percent variation equals the

result of the difference, divided by the recommended depth, multiplied by one hundred.



Table 10. Comparison Between Recommended Minimum Depth
and As-Built Depth - By Site

Site 1 * Recommended
Depth (m)

As-Built
Depth (m)

Variation
(%)

Nonfunctioning
Beach 3.66 2.44 -33
Box Canyon 3.66 2.44 -33
Fish 3.05 3.05 0
Lower Turner 3.66 3.05 -17
Old Forester 3.66 3.66 0
South Boundary 3.66 2.74 -.25
Upper Turner 3.05 2.74 -10
Warsaw #2 3.66 4.57 +25
Warsaw #3 3.05 3.05 0
Functioning
Agua Cercada 3.66 4.27 +17
Barrel 3.05 2.74 -10
Boundary 3.66 1.83 -50
Castle Rock 3.66 4.57 +25
Coches 3.66 3.96 +8
Greaterville 3.05 3.66 +20
Japanese 3.05 2.74 -10
Lobo 3.05 7.32 +140
Melendrez 3.05 3.96 +30
Sierra 3.66 3.35 -8
Warsaw 3.05 3.05 0

* Recommended by Deal et al., (1997)

Table 11 displays a comparison of the mean constructed depths of nonfunctional and

functional ponds with the depth ranges recommended by Deal et al. (1997). At the arid

sites, the mean depth for nonfunctional ponds is eighty percent of the minimum

recommended depth. The mean depth for functional ponds is near the midpoint of the

range in recommended depths. The mean depths for both nonfunctional and functional
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ponds are within the recommended range for semiarid sites. However, the mean depth

for nonfunctional ponds is near the lower end of the range and the mean value for

functional ponds is near the upper end.

Table 11. Comparison of Mean Depth Values to Recommended Values

Climate
Recommended

Depth (m)
Nonfunctional

Mean Depth (m)
Functional

Mean Depth (m)
Arid 3.66 — 4.27 2.95 3.91

Semiarid 3.05 — 3.66 3.15 3.59

Shape :

The general shape of the ponds does not appear to affect the functional classification.

Trapezoidal, egg, and elliptical shapes are prevalent in both the nonfunctioning and

functioning categories. Triangular and rectangular shaped ponds were present in the

nonfunctioning category, however, there was only one of each shape. Therefore, it was

not possible to develop conclusions regarding these two shapes.

Capacity :

Mean capacity values were compared between nonfunctioning and functioning pond

categories, by climate. The mean storage capacity value of functioning ponds in semi-

arid climates was sixty percent higher than the value for nonfunctioning ponds. The mean

storage capacity value of functioning ponds in arid climates was more than double the

value for nonfunctioning ponds. Table 12 displays this information. Due to its
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excessively large size, Lobo Tank was not included in the calculation for functional

ponds in semiarid climates.

Table 12. Comparison of Mean Capacity Values

Climate
Nonfunctional Mean

Capacity (m3 )
Functional

Mean Capacity (m 3 )
Arid 3783 7739

Semiarid 2751 4660*
* Lobo Tank was excluded from this calculation

Watersheds

Soils: 

No watershed soil properties were analyzed in this study. The phrase "regularly

expected" has been used to indicate environmental conditions most field personnel would

consider "not unusual" on a local basis, but that are not supported by statistical analyses

due to a lack of recorded data.

Soil characteristics represent a major factor in watershed function. Infiltration capacities

and available surface storage are direct influences on runoff production. Soil

productivity controls the quantity and variety of potential vegetation present within a

watershed and, therefore, has additional indirect influence on runoff. A review of the

local soil surveys (Clemmons and Leven, 1971a, 1971c; Richardson, 1979), a nearby soil

survey from the same era (Clemmons and Leven, 1971b), recently completed soil surveys
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for nearby areas (Cochran and Richardson, 1993; McGuire, 1996 and 1998) and

discussions with Breckenfeld (1998), indicate that regularly expected soil infiltration and

surface storage conditions exist on these watersheds. The nearby soil surveys were also

reviewed to update information contained in the project area survey. The original

surveys did not consider differences in soil moisture and temperature regimes.

Drainage Areas:

If surface runoff is the primary source of water, the contributing drainage area must be

sufficiently large to maintain water in the pond during droughts. The expected annual

quantity of runoff is dependent on a wide variety of interrelated factors.

The Natural Resource Conservation Service (NRCS) provides a guide for estimating the

approximate drainage area size, in acres per acre-foot of storage, required for a desired

water storage capacity. This approach requires a number of subjective decisions. The

basic guide assumes regularly expected runoff-producing characteristics for a drainage

area, such as moderate slopes, regularly expected infiltration, fair to good plant cover,

and regularly expected soil storage. Adjustments are recommended to meet local

conditions. Reductions in drainage area by as much as twenty-five percent are

recommended for extreme runoff-producing conditions. Increases in drainage area of

fifty percent or more are recommended for low runoff-producing characteristics (Deal et

al., 1997).
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The recommended drainage area was estimated using the NRCS method, without

adjustments, to provide a basis for comparison with actual watershed size at each site. A

value of 0.020 halm 3 (60 ac/ac-ft) was used to determine recommended drainage area for

the broadleaf woodland watersheds. A value of 0.033 halm 3 (100 ac/ac-ft) was used for

the desert grassland watersheds. The results of this comparison are in Table 13. The

percent variation equals the result of the difference, divided by Deal's recommended

area, multiplied by one hundred.

The original estimates using the NRCS method were adjusted and recompiled. A

mathematical analysis was completed to reduce the absolute values in the percent

variation column Data from the functioning ponds were stratified by vegetation type.

The mean value of the percent variation by vegetation type was determined and the

original drainage area factor was modified until this mean value was approximately zero.

This provided new drainage area factors of 0.008 ha/m3 (24 ac/ac-ft) for desert grasslands

and 0.009 ha/m3 (27 ac/ac-ft) for broadleaf woodlands. (Because of the magnitude of

disparity between recommended and actual area for Boundary Tank, data from this site

were not included in the modification process for desert grassland watersheds.) The new

factors were then applied to all of the watersheds. The results of this comparison are in

Table 14. The percent variation equals the result of the difference, divided by the adjusted

recommended area from Deal et al. (1997), multiplied by one hundred.
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Table 13. Initial Comparison Between NRCS Recommendations
and Actual Drainage Areas

Site Recommended
Area (ha)

Actual
Area (ha)

Variation
(%)

Nonfunctioning
I Beach 152 26 -83
Box Canyon 32 23 -28
Fish 34 34 0

Lower Turner 145 238 +64

Old Forester 208 43 -79
South Boundary 150 115 -23

Upper Turner 113 26 -77
Warsaw #2 61 45 -26
Warsaw #3 19 47 -147
Functioning
Agua Cercada 451 173 -62
Barrel 60 34 -43
Boundary 79 115 +46
Castle Rock 253 27 -89

Coches 319 111 -65
Greaterville 159 68 -57
Japanese 43 38 -12
Lobo 870 496 -43
Melendrez 47 3 -94
Sierra 175 29 -83
Warsaw 157 22 -86

Adjustments to the original factors are supported by data gathered within the watersheds

and, in general, by the process description presented in Deal et al. (1997). A physical

examination of each of the watersheds in this study indicates that slopes are primarily

moderate at lower elevations, with steeper slopes present in higher elevations. Steeper

slopes are present on slightly more than fifty percent of most of the watersheds. Recent



Table 14. Comparison Between Adjusted NRCS
Recommendations and Actual Drainage Areas

Site Recommended
Area (ha)

Actual
Area (ha)

Variation
(%)

Nonfunctioning
Beach 37 26 -30
Box Canyon 8 23 +188
Fish 14 34 +143
Lower Turner 35 238 +580
Old Forester 51 43 -16
South Boundary 36 115 +219
Upper Turner 45 26 -42
Warsaw #2 15 45 +200
Warsaw #3 7 47 +571
Functioning
Agua Cercada 109 173 +37
Barrel 27 34 +26
Boundary 19 115 +505
Castle Rock 61 27 -56
Coches 77 111 +44
Greaterville 71 68 -4
Japanese 20 38 +90
Lobo 391 496 +27
Melendrez 21 3 -86
Sierra 43 29 -33
Warsaw 71 22 -69

work by Breckenfeld (1998) indicates that infiltration capacities may have been

underestimated in the original soil surveys (Clemmons and Leven, 1971a, 1971c;

Richardson et al., 1979). The examinations indicate fair to good plant cover on all these

watersheds. Available surface storage was assumed to be within the regularly expected

ranges. The magnitudes of the reductions in drainage area estimates were larger than
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those proposed by Deal et al. (1997). The desert grassland reduction was seventy-five

percent and the broadleaf woodland reduction was fifty-five percent.

These results compared favorably with a "rule of thumb" used on the Coronado National

Forest for pond site selection in these two vegetation types. Based on data compiled for

the Coronado National Forest Land Management Plan (USFS, Coronado National Forest,

1987), further based on data from the Soil Conservation Service Field Engineering

Manual (1979) and Ffolliott and Thorud (1975), the watershed program manager

assumes the ideal drainage area size to be approximately 0.008 hectares per cubic meter

of storage (Lefevre, 1998).

Curve Numbers:

Curve Numbers describe runoff characteristics and incorporate vegetation type, range

condition, hydrologic condition, soil parent material, and hydrologic soil group. Curve

Numbers were used to compare the combined effect of these factors on the individual

watersheds to determine if similar conditions existed throughout the study area. The

available water capacity values from Appendix B were used to develop Curve Numbers

for easy comparison across watersheds. The equation used is:

CN = 1000/(10+(AWC *1.2))

Where: CN = Curve Number

AWC = Available Water Capacity (in inches)
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These Curve Numbers are based on regularly expected watershed conditions as described

on pages 18 and 19. AWC is the weighted mean, based on area, for soils within the

watershed. The Curve Numbers do not reflect changes that occur in available storage as

a result of prior rainfall events and related changes in antecedent moisture. Table 15

displays Curve Number data with other watershed data from Table 8 (p. 46).

Table 15. Watershed Vegetation, Condition and Curve Numbers

Watershed Vegetation Type Watershed
Condition

Curve
Number

Nonfunctioning
Beach Desert Grassland Fair 70
Box Canyon Desert Grassland Fair 79
Fish Broadleaf Woodland Fair 71
Lower Turner Desert Grassland Fair 39
Old Forester Desert Grassland Fair 79
South Boundary Desert Grassland Fair 74
Upper Turner Broadleaf Woodland Fair 33
Warsaw #2 Desert Grassland Fair 79
Warsaw #3 Broadleaf Woodland Fair 79
Functioning
Agua Cercada Desert Grassland Fair 62
Barrel Broadleaf Woodland Fair 37
Boundary Desert Grassland Fair 71
Castle Rock Desert Grassland Fair 78
Coches Desert Grassland Fair 75
Greaterville Broadleaf Woodland Fair 68
Japanese Broadleaf Woodland Fair 69
Lobo Broadleaf Woodland Fair 86
Melendrez Broadleaf Woodland Fair 74
Sierra Desert Grassland Fair 40
Warsaw Broadleaf Woodland Fair 76
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Table 16 displays a comparison of the watershed Curve Numbers for the nonfunctional

and functional ponds. The range of Curve Numbers within the desert grassland

vegetation type is similar for the nonfunctioning and functioning sites. The range of

Curve Numbers within the broadleaf woodland vegetation type differs between

nonfunctioning and functioning sites. However, results from the limited sample size in

this analysis may be misleading.

Table 16. Comparison of Curve Numbers

Vegetation Type Nonfunctioning
Range of Values

Functioning
Range of Values

Desert Grassland 39 — 79 40 — 78
Broadleaf Woodland 33 — 79 37 — 86

Modeling

Estimation of runoff from the tributary watersheds and the net effect on individual ponds

required modeling of rainfall-runoff relationships and the effects from evaporation and

transpiration. Methodology developed by the Soil Conservation Service (1972) and

Almestad (1983) provided some of the basic concepts for the model designed and used

during this analysis. Figure 8 is a diagram of the model used in this analysis.

Rainfall-Runoff Component

The rainfall-runoff model used in this analysis integrated four major factors to develop a

water balance equation. The four factors were (1) runoff, (2) precipitation, (3) initial
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abstraction, and (4) infiltration. Transmissions losses and contributions from springs were

assumed to be zero.

Water Balance Equation: Q = P — Ia - F

Where: Q = Runoff (cm)

P = Precipitation (cm)

Ia = Initial Abstraction (cm)

F = Infiltration (cm)

Runoff:

The quantity of water available for overland flow, after the initial abstraction and

infiltration into soil have been subtracted from the total precipitation value for an event,

is the runoff.

Precipitation:

Precipitation information used in the model was extrapolated from long-term weather

reporting stations in the vicinity of the stock ponds. Precipitation data from twelve

NOAA weather stations surrounding the Nogales Ranger District (Table 4, p. 42) were

analyzed for selection of a single representative annual set to be used in modeling

rainfall-runoff relationships for the 20 stock pond watersheds used in this analysis.

Many applications of hydrometeorological analysis require a complete set of data for a

relatively long duration for a number of stations within a localized area (Smith and
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Weiss, 1996). The period of record for total annual precipitation chosen for this analysis

was 1941 through 1970. This 30-year interval includes periods of activity for all twelve

reporting stations. Original data used in this analysis were limited to those years with no

missing data for each location. Complete annual precipitation records exist for

the Nogales, Patagonia and Santa Rita Experimental Range reporting stations (Sellers and

Hill, 1974). Estimates were made for each of the nine stations with missing data using

the best correlated station and linear regression, beginning with the station with the least

missing data and working through to the stations with the shorter records. The complete

data set, with extrapolations, is in Appendix C.

Further comparisons were made between stations. A mean annual precipitation value

was calculated for each location. Individual annual summaries from each location were

analyzed to select a year or years with near mean precipitation. All precipitation was

assumed to be rainfall. The annual summaries for each location were compared to

identify representative monthly rainfall with representative distribution throughout the

year.

Records from July 1, 1962, through June 30, 1964, for the Nogales reporting station were

chosen for inclusion in analyses of pond and watershed study sites. The annual

precipitation values for calendar years 1961 through 1964 were all near the calculated

mean value for the thirty-year period. June is usually the driest month each year and the

primary rainfall season generally begins in July. Based on field experience, it was
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assumed that ponds are most likely to be dry, or retaining the minimal volume of water

for any given year, on June 30. Therefore, a July through June analysis year was chosen

for watershed rainfall-runoff-pond relationships. A review of the 1961-64 data indicated

the 1962/63 and 1963/64 years were each within 2.3 cm of the mean annual precipitation

value and within 1.7 cm of the median value (40 cm) for annual rainfall.

Elevation data from all twelve recording sites listed in Table 4 (p. 42) and mean annual

precipitation data from Table 5 (p. 42) were utilized in development of a regression

equation to extrapolate data from the chosen recording site (Nogales) to other elevations

within the study area. The resulting linear regression equation, Y = .0483X — 14.15,

where Y is mean annual precipitation in centimeters and X is elevation in meters above

mean sea level, was used to designate precipitation bands across the entire study area

(r2 = 0.82). (This result is similar to that reported by Hibbert (1977) for Mazatzal

Mountains near Lake Roosevelt.) Precipitation bands were constructed around

predetermined mean precipitation values. Elevation ranges for precipitation bands are

listed in Table 17.

An isohyetal method was used to determine mean precipitation for individual watersheds,

based on elevation. Precipitation zones were delineated for each watershed and the areas

within each zone calculated. Mean annual precipitation for each watershed was then

calculated using the weighted mean areas of the delineated precipitation zones

Appendix D). The mean annual precipitation for each watershed was then compared to



Table 17. Precipitation Zones by Elevation Band

Elevation
Band (m)

Precipitation
Zone (cm)

1115-1168 40.6
1168-1221 43.2
1221-1274 45.7
1274-1300 48.3
1300-1380 50.8
1380-1433 53.3
1433-1485 55.9
1485-1538 58.4
1538-1591 61.0
1591-1644 63.5
1644-1697 66.0
1697-1750 68.6
1750-1803 71.1
1803-1856 73.7
1856-1909 76.2
1909-2092 78.7

the mean annual precipitation for the Nogales reporting station. A rain event adjustment

factor was then calculated based on this relationship for inclusion in the rainfall-runoff

model. (Daily precipitation at the Nogales reporting station was assumed to represent

rainfall events for all 20 watersheds.) The mean annual precipitation value was used for

comparison across watersheds. Precipitation data by watershed are presented in

Table 18.
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Initial Abstraction:

The initial abstraction (Ia) is a consensus value determined in the original development of

the Soil Conservation Service method for estimating runoff (Brooks et al., 1997). This

loss value is calculated as twenty percent of available storage within the soil (S).

Ia = 0.2(S)

Table 18. Watershed Precipitation Information

Site Mean Annual
Precipitation

(cm)

Adjustment
Factor

Nonfunctioning
Beach 50.28 1.28
Box Canyon 60.49 1.54
Fish 71.18 1.81
Lower Turner 46.50 1.18
Old Forester 46.65 1.19
South Boundary 55.50 1.41
Upper Turner 46.47 1.18
Warsaw #2 52.71 1.34
Warsaw #3 50.04 1.27
Functioning
Agua Cercada 50.26 1.28
Barrel 59.81 1.52
Boundary 48.44 1.23
Castle Rock 46.92 1.19
Coches 46.65 1.19
Greaterville 66.85 1.70
Japanese 45.52 1.16
Lobo 58.46 1.49
Melendrez 71.10 1.81
Sierra 43.66 1.11
Warsaw 50.05 1.27
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Infiltration:

Infiltration refers to the entry of water into the soil profile from the boundary. In general,

it refers to the vertical infiltration where water moves downward from the soil surface

(Jury et al., 1991). From the Curve Number equation, the infiltration depth for an event

of '13 ' centimeters can be found using the following equation:

F = S — {S 2/[13 — 0.8(S)D

Where: F = Infiltration depth (cm)

S ------ Available storage within the soil (cm)

P = Precipitation (cm)

Available Storage:

Available soil water storage was calculated using soil information from an existing soil

survey (Richardson et al., 1979), with augmentation from more recently developed

sources (Cochran and Richardson, 1993; McGuire, 1996 and 1998; Breckenfeld, 1998).

The basis for assigning initial storage values to each watershed was available water

capacity by soil survey mapping unit. Each mapping unit within these watersheds

includes as many as five distinct soil series, each with its own characteristics. As

previously stated, the existing soil survey does not differentiate between soil temperature

and moisture regimes. Therefore, augmentation of the existing soil survey data was

necessary.



Available water capacity is the capacity of soils to hold water available for use by most

plants. It is commonly defined as the difference between the quantity of water at field

capacity and the quantity of water at the permanent wilting point. It is commonly

expressed as depth of water in the soil profile (Richardson et al., 1979). This soil

characteristic was chosen as representative of available surface storage. These data are

readily available for most soils. It is rare for soils in this study area to dry below the

permanent wilting point. At the beginning of storm events, there is usually storage area

available between the saturation point and field capacity.

The determination of initially available surface storage involved a series of calculations

that ignored the effects of infiltration capacities (see Appendix B). Available water

capacity for each soil map unit was calculated using the weighted mean values from all

soil series within the unit. Initially available surface storage for individual watersheds

was then calculated using the weighted mean values previously calculated for each

mapping unit. The initially available storage values were assumed to represent the

maximum available storage within each watershed. These were the values designated to

represent the initial conditions on July 1, 1962.

Daily adjustments to the available storage factor used to determine S in the initial

abstraction and infiltration equations were based on initially available storage and

cumulative changes in available storage from previous precipitation events and potential

evaporation (PET). This value is reduced by the infiltration value for any precipitation
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events. It is increased by loss through PET. The final available storage value from the

previous day (Sfd) is substituted for S in the initial abstraction and infiltration equations.

The maximum value never exceeds the initial estimate of available storage.

Daily Storage Calculation: Sfd = Sid — F + PET

Where: Sfd = Storage available at the end of the day (cm)

Sid = Storage available at the start of the day (cm)

F = Infiltration into the soil (cm)

PET = Potential Evapotranspiration (cm)

Potential Evapotranspiration:

A number of possible methods are described in the literature for predicting potential

evapotranspiration. The Thomwaite and Mather equation estimates PET for 12-hour

days and a 30-day month. This method employs an exponent that is related to annual

heat index. Values calculated with this equation should be adjusted for the number of

days per month, day length, and latitude (Gilbert, 1980; Brooks et al., 1997). Estimates

of PET for individual watersheds were determined using the mean watershed elevation

(Table 19) and pre-established relationships between elevation and temperature. Mean

elevation for this analysis was determined to be the average value of the highest and

lowest points within the drainage area. PET estimates were then adjusted using Table 6

from Thomwaite and Mather (1957). Values for PET ranged between 77.4 and

90.6 cm/yr. The mean value was 85.0 cm.
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Temperature:

Temperature data from the Santa Rita Experimental Range, Sasabe, Tucson Airport

Weather Service Office, and Tumacacori were analyzed to determine monthly

relationships between temperature and elevation for the two years previously chosen for

Table 19. Watershed Mean Elevation Values

Site Elevation
(in)

Nonfunctioning
Beach 1362
Box Canyon 1603
Fish 1811
Lower Turner 1312
Old Forester 1282
South Boundary 1506
Upper Turner 1262
Warsaw #2 1414
Warsaw #3 1308
Functioning
Agua Cercada 1372
Barrel 1603
Boundary 1367
Castle Rock 1297
Coches 1292
Greaterville 1707
Japanese 1366
Lobo 1530
Melendrez 1774
Sierra 1204
Warsaw 1329
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inclusion in the rainfall-runoff component (p. 62). Regression equations, with 'Y'

representing degrees centigrade and 'X' representing elevation in meters, were

developed. The resulting constants, coefficients, and r2 values are listed by month in

Table 20.

Table 20. Temperature Regression Data

Month Constant Coefficient r2
July 34.719 -0.0069 0.91
August 33.760 -0.0065 0.89
September 31.040 -0.0065 0.94
October 22.995 -0.0033 0.63
November 16.370 -0.0028 0.85
December 14.204 -0.0038 0.98
January 11.728 -0.0031 1.00
February 15.360 -0.0029 0.75
March 15.058 -0.0032 0.56
April 21.403 -0.0035 0.40
May 25.731 -0.0040 0.37
June 28.500 -0.0035 0.26

These equations were used to estimate average monthly temperatures at each pond site

and within each watershed. Estimated mean watershed temperature was used to calculate

monthly PET. Estimated mean monthly pond site temperature was used to calculate pond

evaporation.



71

Pond Component

The pond storage component used in this analysis integrated five major factors to develop

a water balance equation with daily values. The five factors were (1) total available

storage volume within the pond, (2) final storage volume at the end of each day, (3)

initial storage volume of water at the beginning of each day, (4) inflow from precipitation

events, and (5) evaporation loss.

Water Balance Equation: Vf = V, + I - E

Where: Vf = Final Volume of Water

V, = Initial Volume of Water

I = Inflow

E = Evaporation

And: Vf must be a value between zero and the total available storage volume.

Total Available Volume:

Maximum pond volume data collected using the method described by Young and Graf

(1979) and recorded in Table 3 (p. 39) were considered to be the total available volume

values for the ponds. Therefore, the value listed in Table 3 for each pond was the upper

limit for the final storage volume of water at that site.

Final Water Volume:

Final water volume is the volume of water present in a pond at the end of each day. This

value is calculated by subtracting daily evaporation from the sum of the initial water
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storage volume and daily inflow. The final water storage volume cannot be greater than

the total available volume. It cannot be a negative number.

Initial Water Volume:

This value is equal to the final water volume from the previous day.

Inflow:

The inflow value equals the runoff value (Q) from the rainfall-runoff model.

Evaporation:

Pond evaporation was estimated using a process based on the model developed by

Almestad (1983). The monthly pan evaporation from the Nogales 2N reporting station

was plotted against mean monthly temperature for the same station. This plot is shown in

Figure 9. The plot has two distinct segments. The upper segment is for the points

corresponding to January through June. The lower segment is for the points

corresponding to July through December. Due to the relatively linear nature of each of

these segments, straight lines were fit to each segment. The resulting equations for each

of these lines are:

January through June:

Evaporation = 1.48 cm + 1.045 (Mean Monthly Temperature)

July through December:

Evaporation = 2.07 cm + 0.526 (Mean Monthly Temperature)
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The coefficients of determination (r2) were 0.90 and 0.93, respectively. These equations

were used to determine centimeters of stock pond evaporation directly from the estimated

monthly mean temperatures for each individual pond. To calculate daily evaporation,

monthly evaporation was divided by the number of days per month. Values for total

annual evaporation ranged between 113.7 and 126.8 cm. The mean value was 122.1 cm.

Monthly Evaporation vs. Temperature
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Figure 9. Monthly Evaporation vs. Mean Temperature

Model data for the pond sites were used to analyze storage relationships. The July 1,

1962, initial water volumes were set equal to the June 30, 1964, final water volumes.

This allowed adjustment of the first year volumes to represent the effects of remnant

water volumes from previous years. The relative effect of changes in stage within ponds

on evaporation was estimated using maximum surface area estimates. The results of

June

July



74

these comparisons are displayed in Table 21. The values shown are mean annual values

from a two-year model cycle. The percent runoff captured is related to total runoff

generated within the model.

Table 21. Runoff and Pond Model Results by Watershed

Watershed
Runoff

Captured
(%)

Days At
Capacity

Days
Dry

Nonfunctioning
Beach 25.54 13 85
Box Canyon 1.34 29 0
Fish 2.26 13 0
Lower Turner 16.81 3 0
Old Forester 19.53 16 106
South Boundary 1.75 22 0
Upper Turner 100.00 0 236
Warsaw #2 2.58 25 0
Warsaw #3 1.76 25 0
Functioning
Agua Cercada 4.79 13 0
Barrel 48.93 4 0
Boundary 1.86 18 0
Castle Rock 8.68 19 0
Coches 5.98 19 0
Greaterville 3.38 21 0
Japanese 10.69 14 49
Lobo 1.48 35 0
Melendrez 13.92 22 0
Sierra 100.00 0 105
Warsaw 16.13 18 0



DISCUSSION

Various attributes were analyzed to determine differences and similarities between

nonfunctioning and functioning watershed pond systems. There appear to be few

differences in the materials used for dam construction, pond shape, watershed Curve

Numbers, vegetation type, range condition, hydrologic condition, soil parent material,

hydrologic soil group, or the mean number of days at capacity per year. The differences

are more apparent when considering pond depth and maximum capacity. There is a

strong correlation between pond volume and watershed area for functioning ponds,

particularly in the broadleaf woodland vegetation type.

Pond Site Materials

Good materials for dam construction provide stability and imperviousness. These

materials should contain particles ranging from small gravel or coarse sand, to fine sand

and clay in the desired proportions. This material should contain approximately twenty

percent, by weight, clay particles. Examples of good materials are sand-clay mixtures,

gravel-sand-silt mixtures, sand-clay mixtures, and sand-silt mixtures. Acceptable

materials for pond dams are gravelly clays, sandy clays, silty clays, silty and clayey fine

sands, and clayey silts that have slight plasticity (USDI Bureau of Reclamation, 1977;

Deal et al., 1997).

75



76

There are no apparent differences in the materials used for dam construction between the

nonfunctioning and functioning ponds. The percentage of gravel within soils ranges

between 20 and 55 for the nonfunctioning ponds and between 18 and 53 for the

functioning ponds. The range of soil textures is the same for both categories. Clay

content ranges between 14 and 24 percent for nonfunctioning ponds and between 8 and

32 percent for functioning ponds. Small gravel was not differentiated from large gravel

during this analysis, a possible source of differences between the two categories of stock

water pond.

Pond Characteristics

Thesis studies by Hughbanks (1993) indicated the rate of decline in water volume for

stock ponds is most affected by the maximum depth and shape of the pond. To ensure

permanent water supply, the water must be sufficiently deep to meet the intended use

requirements and to offset probable seepage and evaporation losses, which vary from

year to year. Langbein (1951) indicated that a minimum depth of 2.1 m is necessary for a

pond to function properly as a year-long water source. Deal et al. (1997), describes the

recommended minimum depth of water for ponds if seepage and evaporation losses are

within regularly expected ranges. The minimum recommended depth for a semiarid

location ranges between 3.05 m and 3.66 m. The minimum depth for arid locations

ranges between 3.66 m and 4.27 m.



77

There are definite differences between nonfunctioning and functioning ponds relative to

depth. All the ponds studied, except Boundary, exceeded the minimum value suggested

by Langbein (1951). However, 56 percent of the nonfunctioning ponds in this study do

not meet the minimum depth requirements suggested by Deal et al. (1997). Only one

nonfunctioning pond has a depth greater than the suggested minimum. Functioning

ponds are generally deeper than their nonfunctioning counterparts. Sixty-four percent of

the functioning ponds have depths greater than the minimum suggested by Deal et al.

(1997). Twenty-seven percent of the functioning ponds have depths greater than the

highest recommended value. The mean depth for functioning ponds in the desert

grassland vegetation type (arid regime) is 3.91 m. The mean depth for functioning ponds

in the broadleaf woodland vegetation type (semi arid regime) is 3.59 m.

As stated previously, the general shape of the ponds does not appear to affect the

functional classification. However, the sample size used in this study may have been

insufficient to make a valid determination regarding the importance of general pond

shape.

There are definite differences between the nonfunctioning and functioning ponds with

respect to maximum capacity. The mean storage volume for nonfunctioning ponds is

3,439 m3 (2.79 ac-ft) with a standard deviation of 1,041 m 3 (0.84 ac-ft). Functioning

ponds are generally larger than their nonfunctioning counterparts. The mean storage

volume for functioning ponds is 9,590 m 3 (7.78 ac-ft), with a standard deviation of
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5,910 m3 (4.79 ac-ft). Removal of Lobo Tank from the total volume analysis had no

major effect on these results. The mean storage volume for functioning ponds in the

desert grassland vegetation type (arid regime) is 7,739 m 3 . The mean storage volume for

functioning ponds in the broadleaf woodland vegetation type (semiarid regime) is

4,660 m 3 .

Based on model results, there are no apparent differences in the mean number of days at

capacity per year. The mean number of days at capacity for nonfunctioning ponds is 19,

with a standard deviation of 10. The mean number of days at capacity for functioning

ponds is 19, with a standard deviation of 9.

Watershed Characteristics

Three sets of values exist that describe the proper ratio of maximum pond capacity to

drainage area size. Langbein (1951) recommends volumes of 23.8 m 3 to 47.6 m3 per

hectare of drainage area. Deal et al. (1997), recommends values of 30.3 m 3 to 50.0 m 3

per hectare. While Lefevre (1998) uses a value of 125.0 m 3 per hectare.

Simanton and Osborne (1973) and Branson et al. (1981), have indicated that total

precipitation is the primary variable for determining runoff volume from very small

semiarid watersheds (0.2 to 4.5 ha). They further state that the best correlation between

rainfall and runoff occurs on small watersheds.
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Analysis of contributing drainage area size indicates that nonfunctioning ponds may be

positioned with oversized watersheds, thus increasing the potential for transmission

losses to offset or override any value gained from increased collection area. Upper Turner

may be positioned with an undersized watershed. Figures 10 and 11 display a relative

lack of correlation between watershed area and pond size for the nonfunctioning ponds

(r2 = 0.05), compared to the correlation for functioning ponds (r2 = 0.91).

A greater percentage of functioning, rather than nonfunctioning, ponds have contributing

drainage areas smaller than the recommended value area. Approximately 45 percent of

the functioning ponds have smaller-than-recommended drainage areas. The

Nonfunctioning Pond Relationships
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Figure 11. Pond Volume to Watershed Area — Functioning Ponds

magnitude of undersizing for these ponds ranges from 9 to 81 percent. One-third of the

nonfunctioning ponds have smaller than recommended drainage areas. The magnitude

for these ponds ranges from 31 to 54 percent.

Regression analysis of maximum pond capacity and watershed area by vegetation type

indicated a relationship exists with a r2 value of 0.99 for the broadleaf woodland type.

The regression equation for the desert grassland vegetation type has a r2 value of 0.51. In

both formulae Y is the pond volume in cubic meters and X is the watershed area in

hectares.

Broadleaf Woodland: Y ---- 1926 + 83.56X

Desert Grassland: 	 Y --- 4526 + 35.30X
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Comparison of the assigned Curve Numbers for the watersheds in this analysis does not

indicate any difference between nonfunctioning and functioning watershed-pond systems.

The mean Curve Number for watersheds in nonfunctioning systems is 67, with a standard

deviation of nine Curve Numbers. The mean Curve Number for watersheds in

functioning systems is 67, with a standard deviation of eight Curve Numbers.

There were no observable differences in vegetation type, range condition, hydrologic

condition, soil parent material, or hydrologic soil group between nonfunctioning and

functioning ponds

Modeling

Some important limitations must be considered regarding the rainfall-runoff model used

in this analysis. These limitations exist primarily because minimal research and limited

data are available for the ecosystems studied in this analysis. Historically, managers have

not gathered the type or quantity of data necessary to develop an accurate predictive

model. However, despite the potential problems identified here, the results from this

model, which uses available information, are generally in line with field observations.

This model is not designed to make decisions, but to assist land managers in the decision

making process.

Daily (24-hr) precipitation data from recording locations outside the watersheds of

interest (more than one mile distant) do not represent the frequency, intensity, and
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duration of individual storm events within the watersheds. Most convective storms in

this region are multicellular, random, of short duration (one hour or less), low volume,

and of limited aerial extent (Branson et al., 1981). Recording stations are primarily

located at low elevations in valleys between mountains, rather than distributed across

elevation gradients within mountain ranges. Therefore, it is possible that regression

equations and isohyetal maps based primarily on low elevation data may be incorrect at

higher elevations. Other differences in physical location (aspect and relative elevation on

mountain) can alter precipitation event characteristics between wide valley bottoms and

narrow mountain canyons.

Temperature-dependent subroutines (PET and evaporation calculation) were affected by

some of the same limitations as precipitation-dependent routines. Temperature recording

stations are primarily located at low elevations in wide valleys between mountains,

instead of being distributed across mountain ranges. These stations are fewer in number

and more clustered than sites reporting precipitation. Variations in temperature patterns

with a small sample size can cause major differences in r2 values for regression equations

(see Table 20, p.70). There is a possibility that regression equations based primarily on

existing long-term data may be incorrect in mountainous regions.

The storage estimate may not be accurate for the ungauged watersheds in this study.

Basing storage estimates on weighted mean values of available water capacity as reported

in wide area soil surveys ignores the variation that occurs between and within individual
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watersheds. However, in-depth studies within small watersheds to determine soil surface

storage capacity are rare.

The estimated percent of runoff captured by each pond was calculated for each year

(Appendix E), providing a total of 40 values for the two-year period used in this

simulation. The mean value for these samples is 19.37 percent, the median value is 7.20

percent, and the range is 0.87 to 100 percent (total capture). The nonfunctioning pond

subgroup (n = 18) has a mean value of 19.06 percent, median value of 2.58 percent, and a

range of 0.93 to 100 percent. Less than 2.60 percent of the runoff was captured in 56

percent of the samples. The functioning pond subgroup (n = 22) has a mean of 19.62

percent, median of 8.32 percent, and a range of 0.87 to 100 percent. More than 2.60

percent of the runoff was captured in 82 percent of the samples.

Recommendations:

Further studies need to be completed to analyze the effects of gravel size distribution

within soils at pond sites, particularly within on-site materials used for dam construction.

Studies need to be conducted to validate the use of Available Water Capacity (AWC) as

an estimator for soil surface storage in the Curve Number equation. AWC is readily

available in most soil surveys and could be useful in runoff analyses of ungaged

watersheds. More effort needs to be expended in developing isohyetal maps useful to the

mountainous terrain of southeast Arizona. Rain gage data are plentiful for lower
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elevations, but lacking in upper elevations. Lower elevation data, although plentiful, are

gathered by many entities and are not easily accessible.

Results of this study have led to development of recommendations regarding stock water

ponds. In desert grassland vegetation types (arid regimes) with fair hydrologic condition

and fair to good range condition, ponds should be at least 3.91 m (13 ft) deep, with

volumes of at least 7,739 m3 (6.27 ac-ft). Pond site selection should consider a

contributing watershed area determined using a ratio of 0.008 ha/m3 (24 ac/ac-ft). In

broadleaf woodland vegetation types (semiarid regime) with fair hydrologic condition

and fair to good range condition, ponds should be at least 3.59 m (12 ft) deep, with

volumes of at least 4,660 m3 (3.78 ac-ft). Pond site selection should consider a

contributing watershed area determined using a ratio of 0.009 ha/m3 (27 ac/ac-ft). These

recommended dimensions and ratios should also be considered in prioritization of

maintenance and reconstruction projects for existing ponds.
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APPENDIX A

SOIL MAPPING UNIT DESCRIPTIONS

BaE (137)	 Barkerville-Gaddes complex, 10 to 30 percent slopes. This mapping unit
is on low mountains and foothills that are dissected by numerous short
drainageways. It is approximately 50 percent Barkerville soils (Spudrock
for 50+ cm precipitation), 20 to 30 percent Gaddes soils, 10 to 15 percent
Lampe gravelly sandy loam, 10 to 15 percent rock outcrop. The surface
is 30 to 60 percent gravel, 5 to 20 percent cobbles, and up to 10 percent
stones. Runoff is medium. Erosion hazard is moderate. Depth to bedrock
is 25 to 75 cm.

BgF (92)	 Barkerville-Gaddes association, 30 to 60 percent slopes. This association
is in granitic mountains. It is approximately 60 percent Barkerville soils
(Spudrock for 50+ cm precipitation), 25 percent Gaddes soils, and 15
percent rock outcrop. The surface is approximately 50 percent gravel, 20
percent cobbles, and 10 percent stones. Runoff is rapid. Erosion hazard is
high. Depth to bedrock is 25 to 75 cm.

BhD (18)	 Bernardino-Hathaway association, 2 to 30 percent slopes. The soils in this
association are on dissected old fans and plains. It is approximately 55
percent Bernardino, 25 percent Pyeatt, 10 percent Terrarossa soils, 5 to 10
percent Pima and Guest soils and small areas of Kimbrough soils. The
surface is 20 to 50 percent gravel and a few cobbles. Runoff is medium.
Erosion hazard is slight. Depth to bedrock is more than 150 cm.

CgE (40)	 Caralampi gravelly sandy loam, 10 to 40 percent slopes. This soil is on
the remnants of dissected valley slopes. It is approximately 90 percent
Caralampi soils and 10 percent Terrarossa and Pyeatt soils. The surface is
30 to 40 percent gravel and 0 to 5 percent cobbles. Runoff is medium.
Erosion hazard is high. Depth to bedrock is more than 150 cm.

CgF2 (41) Caralampi gravelly sandy loam, 10 to 60 percent slopes, eroded. This soil
is on long narrow ridge remnants of old dissected fans. It is approximately
95 percent Caralampi soils and 5 percent Terrarossa soils. The surface is
30 to 40 percent gravel and 0 to 10 percent cobbles. Runoff is rapid.
Erosion hazard is high. Depth to bedrock is more than 150 cm.
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CmE (58)	 Casto very gravelly sandy loam, 10 to 40 percent slopes. This soil is on
the long narrow ridge tops and side slopes of deeply dissected remnants of
old alluvial fans. It is approximately 85 percent Casto soils, 5 percent
Canelo soils, 5 percent or less Martinez and Terrarossa, soils and 5 percent
recent alluvium in drainage ways. The surface is 30 to 60 percent gravel
and 5 to 20 percent cobbles. Runoff is medium. Erosion hazard is
moderate. Depth to bedrock is more than 150 cm.

CrD (5)	 Chiricahua-Lampshire association, 5 to 45 percent slopes. This soil is
approximately 60 percent Cherrycow soils, 20 percent Budlamp, and 20
percent rock outcrop. The surface is 35 to 50 percent gravel, 10 to 35
percent cobbles and 0 to 5 percent stones. Runoff is medium. Erosion
hazard is moderate. Depth to bedrock is 25 to 50 cm.

CtB (9)	 Comoro soils, 0 to 5 percent slopes. Included in this undifferentiated
group are the sandy barns that are commonly found on wide flood plains
and have slopes with 0 to 1 percent. This soil is approximately 80 percent
Lanque soils, 15 percent Torrifluvents, and 5 percent Grabe soils. The
surface is 5 to 30 percent gravel and scattered cobbles. Runoff is medium.
Erosion hazard is slight. Depth to bedrock exceeds 150 cm.

FrE (63)	 Faraway-Rock outcrop complex, 10 to 30 percent slopes. This complex
consists of approximately 65 percent Faraway soils, 15 to 30 percent rock
outcrop and 0 to 15 percent Luzena soils. The surface is 25 to 50 percent
gravel, 5 to 25 percent cobbles, and 0 to 10 percent stones. Runoff is
medium. Erosion ha7ard is moderate. Depth to bedrock is 10 to 50 cm.

GILD (31)	 Graham soils, 5 to 20 percent slopes. The soils in this undifferentiated
group are at the foot of basic igneous and tuffaceous mountains. This soil
is approximately 80 percent Cherrycow, 10 percent Budlamp, and 10
percent rock outcrop. The surface is 15 to 50 percent gravel, 0 to 25
percent cobbles, and a few stones. Runoff is medium. Erosion hazard is
slight. Depth to bedrock is 20 to 50 cm.

GhF (501)	 Graham soils, 20 to 50 percent slopes. The soils in this undifferentiated
group are on the Atascosa and Tumacacori Mountains, which are
primarily of andesite, tuffs, and related igneous rock. This soil is
approximately 60 percent Cherrycow and 40 percent rock outcrop,
Budlamp, and Bonita soils. The surface is 60 to 70 percent cobbles and
stones. Runoff is medium. Erosion hazard is high. Depth to bedrock is 20
to 50 cm.
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HaF (60) Hathaway gravelly sandy loam, 20 to 50 percent slopes. This soil is on
long narrow ridges with convex slopes. The areas are drained by long
axial drainage ways and many short, steep sided, lateral drainage ways.
The soil in this unit is 75 percent Pyeatt, 15 percent Bernardino, 5 percent
Terrarossa and 5 percent Torrifluvents. The surface is 30 to 60 percent
gravel and 1 to 5 percent cobbles. Runoff is medium. Erosion hazard is
moderate. Depth to bedrock exceeds 150 cm.

LaF (301)	 Lampshire very gravelly sandy loam, 25 to 50 percent slopes. This soil is
on mountain uplands of rhyolitic, granitic, or tuffaceous rock. Most areas
are in the Atascosa and Oro Blanco Mountains. This unit is 75 to 85
percent Pyeatt soils, 5 to 10 percent rock outcrop, 5 to 10 percent
Cherrycow soils, and approximately 5 percent Lampe and Torrifluvents in
drainage ways. Runoff is rapid. Erosion hazard is moderate. The soil
surface is approximately 40 percent gravel, 5 to 10 percent cobbles, and up
to 5 percent stones. Depth to bedrock is 10 to 50 cm.

LcF (12)	 Lampshire-Chiricahua association, 15 to 50 percent slopes. This soil is on
granitic hills and low mountain uplands. This unit is 60 percent Pyeatt
soils, 25 percent Cherrycow soils, and 15 percent rock outcrop. Runoff is
medium to rapid. Erosion hazard is moderate. The soil surface is 35 to 60
percent gravel and 0 to 20 percent cobbles and stones. Depth to bedrock is
10 to 50 cm.

LgF (14)	 Lampshire-Graham-Rock outcrop association, 20 to 60 percent slopes.
This unit is 35 percent Pyeatt soils, 30 percent Cherrycow soils, 30
percent rock outcrop, and 5 percent colluviutn and alluvium on the lower
slopes and in drainage ways. Runoff is rapid. Erosion hazard is moderate.
The soil surface is 10 to 25 percent gravel, 20 to 50 percent cobbles, and 0
to 20 percent stones. Depth to bedrock is 10 to 50 cm.

McF (4)	 Mabray-Chiricahua-Rock outcrop association, 8 to 45 percent slopes. The
soils in this association are in highly faulted and mixed areas of limestone,
quartzite and granite hills, and low mountains. This unit is approximately
35 percent Yarbam soils, 30 percent Cherrycow soils, 30 percent rock
outcrop, and 5 percent mixture of very shallow and Kimbrough soils.
Runoff is medium to rapid. Erosion hazard is moderate. The surface is
covered by 30 to 50 percent gravel, 10 to 30 percent cobbles, and 0 to 10
percent stones. Depth to bedrock ranges from 10 cm to more than 150 cm.
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Rr (50)	 Rock outcrop. slopes generally greater than 60 percent. This
miscellaneous land type consists mainly of areas of bare bedrock that
commonly are near verticle rock ledges and pinnacles near mountain tops.
Rock types are limestone, quartzite, quartz monzonite, rhyolite-tuff,
andesite, and others. Runoff is very rapid.

SoB (8)	 Sonoita gravelly sandy loam, 1 to 8 percent slopes. This unit is on fans
and low terraces. Soils in this unit are 85 percent Gardencan, 10 percent
Anthony and Lampe, 5 percent Pinaleno, Continental, and Eba. Runoff is
slow. Erosion hazard is slight. The surface is covered by 15 to 35 percent
gravel and 0 to 5 percent cobbles. Depth to bedrock exceeds 150 cm.

WgC (48)	 White House gravelly loam, 0 to 10 percent slopes. This soil is on broad
piedmont plains dissected by shallow drainage ways. Soils in this unit are
80 to 85 percent Terrarossa, 10 percent Bernardino, and 5 to 10 percent
Guest and Pima. Runoff is slow to medium. Erosion hazard is slight. The
surface is covered by 10 to 30 percent gravel and a few cobbles. Depth to
bedrock exceeds 150 cm.

WoE (11)	 White House-Caralampi complex, 10 to 35 percent slopes. This complex
consists of approximately 45 percent Terrarossa soils, 45 percent
Caralampi soils, 5 percent Pyeatt soils, and 5 percent Lanque soils.
Runoff is medium. Erosion hazard is moderate. The soil surface is
covered by 15 to 50 percent gravel and 0 to 20 percent cobbles. Depth to
bedrock exceeds 150 cm.
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APPENDIX B

WA 1ERSHED STORAGE WORKSHEET

Map	 Storage 
Watershed	 Unit Area Storage wt-factor wt Storage :Total 

(ha)	 (cm)	 (cm)	 1(cm) 

172.3 1

Barrel 48 10.1 22.61	 0.29 6.64 i	 14.08
60 24.3 10.54	 0.71 7.45

34.4

Beach 4 24.6 3.05 0.94 2.86 3.54
40 1.6 11.07 0.06 0.68

26.2

Boundary 4 111.3 3.05 0.97 2.96 3.41
18 3.2 16.03 0.03 0.45

114.5

Box Canyon 12 i	 23.1 2.18 1 2.18 2.18

Castle Rock 5 2.4 3.71 0.09 0.33 2.32
12 24.3 2.18 0.91 1.98

26.7

Coches 5 19.1 3.71 0.17 0.64 2.72
8 1.6 15.24 0.01 0.22

12 0.8 2.18 0.01 0.02
301 89.9 2.29 0.81 1.85

111.4

Fish 92 17.1 3.56 0.50 1.80 3.40
137 16.8 3.23 0.50 1.60

33.9

Greaterville 58 16.2 11.25 0.24 2.68 4.01
63 51.8 1.75 0.76 1.33

68

Japanese 5 38 3.71 1 3.71 3.71
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Map	 Storage 
Watershed	 Unit Area Storage ,wt-factor wt Storage Total 

(ha)	 (cm)	 (cm)	 (cm)

	12 	 43.3	 2.18	 0.09	 0.19	 1.31

	

14	 39.3	 1.32	 0.08	 0.10 

	

31	 3.6	 2.49	 0.01	 0.02 

	

50	 399.1	 1.14	 0.80	 0.92 

	

501	 10.9	 3.48	 0.02	 0.08 
496.2     

Lower Turner	 9 10.1	 16.46 0.04 0.70	 12.80
10.53    11 147.3	 17.02 0.62 

i Lobo

12 58.3 2.18 0.24 0.53
41 22.3 11.02 0.09 1.03 1

238

Melendrez 12 1.6 2.18 0.50 1.09 2.87
92 1.6 3.56 0.50 1.78 I

3.2

Old Forester 12 17.8 2.18 0.17 0.36 2.27
301 88.7 2.29 0.83 1.91

106.5

Sierra 11 6.1 17.02 0.21 3.57 12.28
41 23 11.02 0.79 8.71

29.1

South Bounda 4 99.1 3.05 0.87 2.64 2.93
12 15.4 2.18 0.13 0.29

114.5

Upper Turner 11 25.9 17.02 1 17.02 17.02

Warsaw 5 6.9 3.71 0.31 1.15 2.65
12 15.4 2.18 0.69 1.51

22.3

Warsaw #2 12 40.5 2.18 1 2.18 2.18

Warsaw #3 12 31.1 2.18 0.67 1.46 2.21
301 15.4 2.28 0.33 0.76

46.5



APPENDIX C

PRECIPITATION DATA

Table C-1. Study Area Precipitation Values (1941-1970)

Year litmado Anyaca lE Bear Valley Mt Fagan Nogales Nogales 2N Patagonia

Ely. 3100 3675 4025 3760 3808 3757 4044

1941 14.69 17.53 23.15 20.72 18.08 18.13 18.55
1942 10.67 13.68 16.32 11.12 11.65 11.57 10.04
1943 9.47 12.53 19.33 9.53 9.79 9.67 14.44
1944 13.27 16.17 22.90 20.35 17.11 17.14 16.91
1945 10.55 13.56 16.44 12.16 12.75 12.69 14.92
1946 15.33 18.15 17.17 17.08 18.08 18.13 19.06
1947 9.78 12.82 12.98 12.08 12.66 12.60 10.87
1948 9.29 1235 13.82 12.50 13.92 13.88 16.68
1949 9.81 12.85 17.75 16.79 17.70 17.74 19.73
1950 10.90 13.90 I 	1531 11.37 9.57 9.45 14.78
1951 15.68 18.48 24.86 20.03 18.88 18.94 20.82
1952 14.86 17.70 22.02 15.73 14.92 14.90 22.22
1953 6.03 9.23 11.88 8.70 10.49 9.93 12.52
1954 16.01 18.80 25.09 16.68 18.35 17.08 22.08
1955 12.06 15.01 22.74 13.54 16.06 15.85 18.49
1956 7.59 8.28 12.44 8.07 9.33 9.16 9.57
1957 8.38 12.87 19.49 13.26 15.67 16.45 16.11
1958 17.08 18.67 24.94 16.28 20.86 21.02 20.14
1959 13.40 16.57 2336 12.63 17.35 16.67 17.59
1960 15.58 19.98 15.11 11.03 12.91 12.01 19.12
1961 14.33 14.48 23.95 17.24 16.47 15.84 21.11
1962 10.85 16.12 15.03 1439 15.16 16.75 12.21
1963 12.90 15.32 1939 14.62 15.41 16.20 19.67
1964 15.66 21.13 23.90 I 15.40 16.26 17.48 23.01
1965 15.25 19.02 23.82 16.87 17.85 18.02 21.15
1966 16.60 19.33 22.56 21.45 22.80 21.93 22.42
1967 18.88 20.37 26.10 22.01 23.41 23.29 20.55
1968 12.09 13.63 15.78 9.53 9.91 9.39 13.04
1969 10.68 14.51 15.75 18.61 19.73 21.27 16.80
1970 11.84 14.28 15.97 11.01 11.51 11.18 14.05

Mean 12.65 15.58 19.31 14.69 15.49 15.48 17.29
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Table C-1. Study Area Precipitation Values (1941-1970) (continued)

Year 'Ruby 4NVV :SRE. ISasabe Sasabe 7NW Tumacacori
Elv. 3975 4300 3590 3824 3266

1941 20.89 ,	 23.41 16.48 19.09 ' 14.91
1942 14.77 16_31 12.45 15.73 , 7.28
1943 17.46 '	 19.44 14.53 14.73 11.22
1944 20.66 21.19 15.70 17.91 13.44
1945 14.42 17.28 14.76 15.63 1' 11.65
1946 18.28 23.35 16.72 19.63 1536
1947 13.15 13.47 12.61 14.99 , 	7.59
1948 11.34 15.65 15.96 14.58 13.92 I
1949 16.70 18.64 15.13 15.01 12.36
1950 11.81 15.86 13.03 15.93 8.39
1951 22.96 22.85 17.96 21.41 17.71
1952 22.65 21.60 15.43 18.72 12.92
1953 10.12 11.94 13.42 8.15 9.12
1954 21.23 22.54 18.88 17.74 19.45
1955 18.23 21.88 15.82 15.70 13.66
1956 11.29 10.51 12.80 11.32 7.95
1957 17.61 20.37 14.46 15.31 11.08
1958 22.49 26.25 17.42 19.82 16.69
1959 21.08 24.55 17.78 15.65 17.36
1960 13.68 15.64 19.08 1 19.18 18.33
1961 21.60 25.19 19.73 19.14 17.71
1962 13.61 15.55 12.18 18.97 9.34
1963 17.52 20.26 13.77 19.06 11.71
1964 21.56 25.13 17.56 22.34 21.36
1965 21.49 25.04 17.45 20.05 18.06
1966 20.36 23.69 19.78 20.35 19.20
1967 23.53 27.51 18.32 21.25 19.44
1968 14.28 16.36 17.85 16.47 12.75
1969 14.26 16.33 16.50 19.30 14.03
1970 14.45 16.57 13.07 18.49 9.47

Mean 17.45 19.81 15.89 17.39 13.78

Notes: Bold values were estimated by cross-correlation.
Precipitation values are inches per year.
Elevation values are feet above mean sea level.
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Table C-2. Correlation References For Table C-1

‘3'
Station

'X'

Station
Constant

Value
'x'

coefficient
r2

Value
Amado Santa Rita Exp. Range 1.424 0.567 .80
Arivaca lE Amado 3.445 0.959 .78
Bear Valley Ranch Santa Rita Exp. Range 0.628 0.962 .78
Mount Fagan Ranch Nogales 0.378 0.924 .69
Nogales NA NA NA NA
Nogales 2N Nogales -0.316 1.020 .96
Patagonia NA NA NA NA
Ruby 4NW Bear Valley Ranch 0.145 0.896 .85
Santa Rita Exp. Range NA NA NA NA
Sasabe Tumacacori 8.594 0.529 .71
Sasabe 7NW Amado 6.813 0.836 .67
Tumacacori Patagonia -1.714 0.896 .71

Table C-3. Climate Data Recording Location Information

Recording Site Location
(Lat, Long)

Data Years Total Years
Of Data

Amado 31/42, 111/ 3W 1941-76 36
Arivaca lE 31/35, 111/19W 1956-92 37
Bear Valley Ranch 31/25, 111/11W 1943-57 15
Mount Fagan Ranch 31/55, 110/46W 1940-63, 1967 25
Nogales 31/21, 110/56W 1931-83 53
Nogales 2N 31/21, 110/56W 1952-72 21
Patagonia 31/33, 110/45W 1931-77 47
Ruby 4NW 31/30, 111/17W 1945-55 11
Santa Rita Experimental Range 31/46, 110/51W 1931-98 68
Sasabe 31/29, 111/33W 1959-98 40
Sasabe '7NW 31/35, 111/36W 1951-98 48
Tumacacori 31/34, 111/ 3W 1946-98 53



APPENDIX D

PRECIPITATION WORKSHEET

Watershed	 Precip. ' Area ,wt Factor NIVc. Precip. Total Precip Multiplication 
Zone (ha)	 ,(cm)	 (cm)	 Factor

Agua Cercada	45.7	 10.5

	

48.3	 56
	50.8	 72 

0.06
0.33
0.42 

2.78	 50.26
15.70
21.23

1.28        

53.3 1	 27.8 0.16	 8.60
55.9	 6 0.03	 1.95

172.3

Barrel 58.4 15.8 0.46 26.82 59.81 1.52
61 18.6 0.54 32.98

34.4

Beach 48.3 9.5 0.36 17.51 ;	 50.28 1.28
50.8 12.7 0.48 24.62
53.3 4 I	 0.15 8.14

26.2

Boundary 43.2 6 0.05 2.26 48.44 1.23
45.7 46.2 0.40 18.44
48.3 18.4 0.16 7.76
50.8 24.2 0.21 10.74
53.3 16.7 0.15 7.77
55.9 3 0.03 1.46

114.5

Box Canyon 55.9 4.5 0.19 10.89 60.49 1.54
58.4 6.1 0.26 15.42

61 6.5 0.28 17.16
63.5 2.4 0.10 6.60

66 2.4 0.10 6.86
68.6 1.2 0.05 3.56

23.1

Castle Rock 45.7 14.2 0.53 24.30 46.92 1.19
48.3 12.5 0.47 22.61

26.7
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Watershed	 Precip. Area wt Factor wt. Precip. Total Precip Multiplication 
Zone (ha)	 (cm)	 (cm)	 Factor 

Coches	43.2	 29.4	 0.26	 11.40	 46.65	 1.19 

	

45.7	 30.2	 0.27	 12.39 

	

48.3	 34	 0.31	 14.74 

	

50.8	 17.8	 0.16	 8.12 
111.4        

Fish 68.6 12.8	 0.38	 25.90	 71.18	 1.81
I

71.1 12.1	 0.36	 25.38
73.7 4.5	 0.13	 9.78
76.2 4.5	 0.13 10.12

33.9

Greaterville 63.5 7.9 0.12 7.38 66.85 1.70
33.1 0.49 32.13

68.6 24.1 0.35 24.31
71.1 2.9 0.04 3.03

68

Japanese 48.3 4.5 0.12 5.72 45.52 1.16
50.8 22.3 0.59 29.81
53.3 11.2 0.29 15.71

38

Lobo 50.8 46.8 0.09 4.79 58.46 1.49
53.3 94.4 0.19 10.14
55.9 96.1 0.19 10.83
58.4 54.5 0.11 6.41

61 53.7 0.11 6.60
63.5 87.8 0.18 11.24

66 47.7 0.10 6.34
68.6 15.2 0.03 2.10

496.2

Lower Tumer 43.2 39.8 0.17 7.22 46.50 1.18
45.7 103.7 0.44 19.91
48.3 79.5 0.33 16.13
50.8 12 0.05 2.56
53.3 3 0.01 0.67

238

Melendrez 71.1 3.2 1 71.1 71.1 1.81



Watershed Precip. Area wt Factor wt. Precip Total Precip	 Multiplication
Zone (ha) (cm) (cm) Factor

Old Forester 43.2 6.1 0.06 2.47 46.65 1.19
45.7 55.5 0.52 23.82
48.3 44.9 0.42 20.36

106.5

Sierra 43.2 23.8 ,	 0.82 35.33 !	 43.66 ! 1.11
45.7 5.3 0.18 8.32

29.1 1

South Boundary	 '	 48.3 !	 4.4	 0.04	 1.86	 55.50 1	 1.41 !
,I

50.8 I	 17.4 0.15 7.72
1

53.3 ,	 32.6 0.28 1 	15.18
55.9 ' 23.9 0.21	 11.67

!	 58.4 17.4 0.15	 8.87
61	 13	 0.11	 6.93

63.5 2.9	 0.03	 1.61
66 2.9 0.03 1.67

114.5
1

I

Upper Turner 45.7 18.2	 0.70	 32.11 46.47	 1.18
48.3	 7.7	 0.30	 14.36

25.9

Warsaw 48.3 6.7 0.30 14.51 50.05 1.27
50.8 15.6 0.70 35.54

22.3

Warsaw #2	 48.3	 4.3 0.11	 5.13 52.71 1.34
50.8 14.2 0.35 17.81
53.3 10.6 0.26 13.95
55.9 10 0.25 13.80
58.4 1.4 0.03 2.02

40.5

Warsaw #3	 45.7 3.6 0.08 3.54 50.04 1.27
48.3 6.8 0.15 7.06
50.8 36.1 0.78 39.44

46.5

Note: Precipitation values are in mean centimeters per year.
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APPENDIX E

RUNOFF CAPTURE DATA

Pond Name Mean Annual
Prep. (cm)

Mean Annual
Runoff (cm)

Prcnt. Intercept.
Year One

Percnt. Intercept'
Year Two

Nonfunctioning
Beach 46.14 9.37 29.04 22.03
Box Canyon 55.51 21.81 0.93 1.74
Fish 65.24 20.41 2.36 2.15
Lower Turner 42.53 0.62 23.28 10.34
Old Forester 42.89 12.54 22.14 16.91
South Boundary 50.82 14.03 1.41 2.08
Upper Turner 42.53 0.16 100.00 100.00
Warsaw #2 48.30 16.53 2.59 2.57
Warsaw #3 45.78 14.63 1.65 1.86
Functioning
Agua Cercada 45.60 5.91 5.81 3.77
Barrel 54.15 1.31 64.91 32.94
Boundary 44.34 8.92 2.30 1.41
Castle Rock 42.89 12.30 9.76 7.59
Coches 44.89 10.58 6.81 5.14
Greateryille 61.28 15.19 4.03 2.73
Japanese 41.81 7.11 12.32 9.05
Lobo 53.71 27.78 0.87 2.09
Melendrez 65.24 23.58 14.91 12.92
Sierra 40.01 0.54 100.00 100.00
Warsaw 45.78 12.40 18.30 13.95
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