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The plant cover for the Four Corners area has been mapped by the
Colorado Water Conservation Board and the U.S. Department of Agriculture
(1974). Within the study area boundaries used for this report, seven
categories of cover are described, including Montane Foreét, Mountain
Brush and Rangelands, Pinyon-Juniper Woodland and Rangelands, Grass,
Northern Desert Shrub, Southern Desert Shrub, and Saltdesert Shrub
(including shadscale and greasewood). Contributing authors in Wali
(1975) describe both natural and revegetation plant species for several

mining areas in the Four Corners regions. Western wheatgrass (Agropyron

smithii) appears to be a prevalent plant type for revegetation in the
more humid areas, while alkali sacaton (Sporobolus airoides) and
fourwing saltbush (Atriplex canescens) appear popular choices in the
more arid areas. Consequently, two sets of crop coefficients were
developed. Data provided by Wymore and others, (1973) were used to
calculate coefficients for western wheatgrass; these were used for
stations within the areas typified by plant cover classified as Montane
Forest, Mountain Brush and Rangeland, and Pinyon-Juniper Woodland and
Rangelands. Data provided by Utah International, Inc. (written commun.,
Utah International, Inc., Sept. 1, 1977) were used to calculate
coefficients for alkali sacaton and fourwing saltbush; these were used
for stations within the areas typified by plant cover classified as
Grass, Northern Desert Shrub, Southern Desert Shrub, and Saltdesert
Shrub. Figure 2 shows the areas in which the two sets of coefficients
were used. It should be noted that there was not a great amount of
difference between the average growing season coefficient for the
different vegetation types; however, there were some differences from
month to month within the growing season.

11° 110° 109° 108° 107°

I [ | ]
ad— |
af— 4
af— i

ARIZONA
36°—
—
| | | | |

I ' ALKALI SACATON
(] 25 50 Mi

[¢] 50 100 Km WESTERN WHEATGRASS

Figure 2.--Vegetation coefficient regions.

A word of caution is necessary concerning the interpretation of
consumptive-use values for the alkali sacaton-fourwing saltbush area.
Comsumptive use, or potential evapotranspiration, is based on the
assumption the evapotranspiration is not limited by water availability.
With an abundant water supply, both evaporation and transpiration occur
at the maximum, or potential, rate as determined by envirommental
conditions. As such, measurements of consumptive use, used for
calculating crop coefficients, should be taken while maintaining
plentiful soil mositure. Whereas the western wheatgrass coefficients
probably reflect a nonlimiting soil-moisture condition, it is likely
that the alkali sacaton-fourwing saltbush coefficients reflect an
occasional moisture limitation. Consequently, the consumptive-use
values derived are probably somewhat less than true potential
evapotranspiration.

The consumptive—use data, used in the calculation of the alkali
sacaton-fourwing saltbush coefficients, were collected in northwestern
New Mexico at the Navajo Mine, Utah International, Inc. The amount of
water made available through natural precipitation and irrigation was
sufficient to produce alkali sacaton plant counts of 36,300-119,064
plants/acre on a sandy loam soil and 2,904-20,328 plants/acre on a clay
soil. Since the vegetation density produced by the available water
exceeded the natural vegetation demsity for this area, it was deemed
reasonable to use the data for determining crop coefficients.

Map E shows the consumptive water use by rehabilitation plant types
during the growing season (U). These values were determined by summing
monthly consumptive-use values (u) for each station. Page, Ari. (28.84
in.), and Moab, Utah (28.53 in.), the latter actually within the
delimited study area, showed the highest consumptive water use and
Silverton, Colo. (2.26 in.), the lowest; thus, the range for the Four
Corners area is 26.27 in.

The pattern of values for consumptive use by rehabilitation plant
species reflects the effect of elevation on climate. In the eastern
part of the study area, vegetation tends to consume relatively less
moisture; in the northern and western part, relatively more.

Variations in the amount of water consumed by vegetation
principally reflects variations in mean monthly temperature and length
of the growing season. Consumptive use by vegetation is the product of
mean monthly temperature (t), and possible monthly percentage of daytime
hours of the year (p), adjusted by the monthly crop coefficient.
Comparing the northermmost stationm, Grand Junction, Colo., and the
southernmost station, Grants, N. M., the mean difference in possible
monthly percentage of daytime hours of the year (p) during the growing
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Of the 68 stations used in this report, 53 are likely, to receive
less than 10 in. of precipitation at least once in 20 years. Of these,
50 are likely to receive less than 10 in. of precipitation at least once
every five years, and 31 are likely to receive less than 10 in. at least
50 pefcent of the time (table 3). The stations omitted from table 6 are
likely to experience precipitation failure less than five percent of the
time (less frequently than one year in 20, perhaps only as often as one
year in 30).

Based on the above information, it is apparent that rehabilitation
efforts relying on natural precipitation are likely to fail in most of
the Four Corners area. In Arizona, all areas, with possible exceptions
at higher elevations, are likely to experience precipitation failure at
least once in five years. The northwestern Colorado portion of the
study area (near Delta, Gateway, Grand Junction, and Montrose) is likely
to experience the greatest frequency of precipitation failure; the
Northdale, Colo. region is another problem area. In New Mexico, all
areas with the possible exception of the northeastern portion of the
study area (near Chama, Cuba, Dulce, El Vado Dam, and Tierra Amarilla)
and regions near McGaffey are likely to experience precipitation failure
at least once in five years. In Utah, all areas, except those near
Blanding, Castleton, Cedar Point, La Sal, and Monticello, are likely to
experience precipitation failure at least once in five years. That an
area may possess a high probability of natural precipitation failure
does not mean that revegetation and rehabilitation are impossible.
Obviously, there was some vegetation at the site prior to mining. It
does mean that rehabilitation is likely to incur greater expense and
require greater attention.

The distribution of annual precipitation throughout the year is of
critical importance in evaluating rehabilitation potential. Plant
growth is dependent upon precipitation received during the growing
season. Because moisture is typically the limiting factor in the
revegetation of semiarid climate regions, it is reasonable to suggest
that growing-season precipitation and rehabilitation are directly
related; as growing—season precipitation increases, rehabilitation
potential increases. The data contained in table 4 and map C suggest
that revegetation will experience least difficulty in the eastern and
extreme southeastern parts of the area and greatest difficulty in the
southwestern part.

Data contained in table 2 and map B show the mean monthly
precipitation for each station. The period of low precipitation at the
beginning of the growing season and period of high precipitation toward
the end of the growing season will have an important influence on
rehabilitation. The early growing-season drought indicates the need of
irrigation during these months so that sufficient moisture is made
available to allow seed germination. The application of surface mulch
during this period would help to conserve soil moisture and, at the same
time, protect the soil surface from wind erosion. The high
precipitation period toward the end of the growing season indicates that
irrigation water can probably be reduced toward the end of the growing
season. This precipitation characteristic favors rehabilitation because
the high precipitation months tend to coincide with high consumptive
water use months. A potential autumn erosion problem exists where
annual plant types have been seeded because of the relatively high
amounts of precipitation received at some station after killing frosts
have occurred. The death of plants and their removal by wind exposes
the soil surface to raindrop impact, sheetwash, and rill erosion.

Again, the use of surface mulch would reduce the amount of erosion.

The mean monthly precipitation values shown on table 2 are not
particularly useful in evaluating rehabilitation potential in the Four
Corners area because of the considerable variation from month to month.
A single month may have a serious effect on revegetation if there is
either so much precipitation that erosion and soil loss results, or so
little precipitation that plants go into dormancy.

In general, the data in table 2 and map B suggest that the eastern
part of the study area will be the easiest to revegetate and the
southwestern parts the most difficult. Irrigation during the early
growing—season months, to produce better than normal soil moisture
conditions for seed germination, would be most beneficial and enhance
the probability of successful revegetation.

Although growing-season precipitation characteristics provide a
better basis for evaluating rehabilitation potential than annual
characteristics, they do not provide complete answers. The ease and
success of revegetation depends also on potential evaporation and plant-
moisture requirements. The relationship between precipitation and
consumptive-water-use requirement provides the most valid evaluation of
the climate factor in rehabilitation potential. Crop coefficients for
determining consumptive-watér-use requirements have been developed for
typically irrigated agricultural crops. With the exception of those
discussed in an earlier section, they have not been developed for plant
species suitable for revegetation of surface-mined lands. As these
‘coefficients become available, they can be used, together with those
available for agricultural crops, to plan appropriate revegetation
programs for particular areas. Crop coefficients provide a basis for
comparison for the selection of revegetation species and combinations.
.Because the consumptive-use factor (F) remains constant in any given
area, consumptive water use varies with the coefficient of the crop
type. For instance, alfalfa will require more moisture than grain
sorghums (table 5). The difference in consumptive water use may be
important in areas of frequent and severe water deficiency. Expansion
of the crop coefficient list to include types frequently used in
revegetation will make such comparisons more meaningful and add another
consideration in seed selection.

Map E shows the consumptive-water-use requirement for
rehabilitation species in the Four Corners area. Other things being
equal, it appears reasonable to suggest an inverse relation between
rehabilitation potential and consumptive water use; as consumptive water
use increases, rehabilitation potential decreases. As notled earlier,
the pattern of consumptive use in the Four Corners area reflects the
effect of elevation on climate. It appears, therefore, that the higher
elevations, particularly in the eastern part of the study area, will be
easier to rehabilitate than the lower elevations, particularly in the
northern and western parts.

As previously mentioned, irrigation during the periods of low
precipitation allows the use of the entire growing season for
revegetation. This study provides estimates of growing-season
irrigation-water requirements for rehabilitation plant species in the
Four Corners area.

season is 0.2 percent.

Map F shows average irrigation-water requirements for the study

The rather steep gradient between Farmington, N, M., and area. It seems reasonable to suggest that, other factors being equal,
Bloomfield, N. M., and that between Cedar Point, Utah, and Northdale, successful revegetation and hence rehabilitation potential are inversely
Colo., is principally due to the difference in growing-season length. related to water deficiency or irrigation-water requirement; as
The data in table 1 show that the mean growing-season length at irrigation-water requirement increases, rehabilitation potential
Farmington is 130 days and that of Bloomfield is 170 days; thus, there decreases. This parameter is particularly useful in evaluating
are 40 additional days during which water can be consumed at rehabilitation potential because it combines characteristics of climate,
Bloomington. The mean growing-season length for Northdale is 89 days soil, and vegetation. From the information contained on Map F, it
and that of Cedar Point is 140 days, a difference of 51 days of appears that the northern and west-central part of the study area will
potential water consumption. Examination of monthly temperature data be the most difficult to revegetate, while the eastern and northeastern
confirms the fact that Bloomington is somewhat warmer than Farmington parts will be the easiest.
and that Cedar Point is somewhat warmer than Northdale.

It should be noted that a value on Map F is actually a net
irrigation requirement or the depth of irrigation water that must be
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- few available records of effective precipitation; it therefore is surface-mined lands (Holliday, 1975). Revegetation of these areas is

essential to erosion control. Because several elements of climate
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Conservation Service (1970). The procedure for estimating the rehabilitation potential.

consumptive-water—-use requirement was explained in an earlier section.

The several climate elements examined in this report can be

Table 3. Annual precipitation characteristics, in inches, at stations Table 4. Growing season precipitation characteristics, in inches, at stations Table 5. Seasonal consumptive-use crop coefficients CONSUMPTIVE WATER USE The soil-moisture characteristics are incorporated into the categorized into two groups: (1) characteristics of the temperature
in the Four Corners area in the Four Corners area [Range of values results from regional procedure through the use of carry-over soil moisture, normal net regime of the area, and (2) characteristics of the precipitation regime.
variation. Selected from U.S. Soil The significance of precipitation in the revegetation of surface-— irrigation application, and pre-irrigation soil moisture. Carry-over Temperatura characteristics determine the potential erowing-season
Stand- Stand- Conservation Service (1970)] mined lands lies in its relation to consumptive water use. Effective soil moisture is water stored in soils within the root zone during the Yength amt sboongdy Iatiueupe, S S i e e e
Stand- ard Stand- ard precipitation can be regarded as the moisture input into the system of winter, at times when the vegetation is dormant, or before the crop is Precipitation characteristics control the amount of moisture potentially
arq SELCL ard error Crop Consumptive-use crop vegetative growth and development. Consumptive water use can be planted, and is available to help meet the consumptive-water requirement aval%a?le for plant growth. The interaction of temperature,
Devi- of Devi- of coefficient (K) regarded as the moisture output resulting from evaporation from the soil of the vegetation. The normal net irrigation application is the amount RS S TL, ( Tlite IR Fash. 28 YaE W BEAR, AECENSLIR
e : : i ; < % , o Ak e Mean ation moan surface and from use of water by plants, some of which i$ used in of water applied at ome irrigation and stored in the soil profile for ehe magndiaiie 9F MLEY SRLIClony.
KAVIN-AE e o / 4 ' | s =g N ~ / | ’ ’ Station (%) (o) (S.E.) Max Min Range Station (%) (o) (S.E.) Max Min Range building plant tissue but most of which is transpired into the plant use, and depends upon the capacity of the soil profile at root- . .
_ Alfalfa 0.80-0.90 atmosphere as water vapor. If precipitation exceeds consumptive water zone depth to store readily available moisture. If the storage capacity Of the climate elements considered here, three seem most useful in
Arizona Arizona Corn (maize) 0.75-0.85 use, moisture probably will not be a limiting factor in plant growth. is low and a storm of considerable magnitude occurs, a small percentage evaluating rehabilitation potential in the Four Corners area: (1)
Grains, small 0.75-0.85 If precipitation is less than the consumptive-water—use requirement, of the precipitation will be absorbed into the ground; most will be lost growing-season length, (2) irrigation-water requirement, and (3) mean
Betatakin 11.1 2.8 0.9 16.4 8.3 8.1 Betatakin 6.4 2.8 0.9 13.1 3.4 97 Grains, sorghums 0.70-0.80 moisture deficiency will affect vegetative development. as runoff. Pre-irrigation soil moisture is the depth of water normally monthly precipitation. The rather brief growing season at high
Canyon de Chelly 748 1.2 0.4 9.6 5l 445 Canyon de Chelly 550 143 0.4 745 27 4.8 Deciduous orchard crops 0.60-0.70 needed at the start of the growing season to fill the root-zome profile elevations, as in the eastern part of the study area, may prolong
Dinnehotso 6.1 1.6 0.5 8.8 4.2 4.6 Dinnehotso 3.6 1.2 0.4 67 2.5 442 Grass, pasture 0.75-0.85 The consumptive-water-use requirement is the amount of water needed to field capacity. Values (in inches) for these three parameters can be revegetation. Irrigation-water requirement is a measure of water
Ganado 10.4 1.6 0.5 14.0 7.9 6.1 Ganado 4.6 I o 0.4 6.9 Bt 3.8 Ladino whiteclover 0.80-0.85 by a particular plant species or community in order to sustain vigorous obtained from U.S. Soil Conservation Service guidebooks for specific deficiency, and irrigation-water requirement and rehabilitation
Kayenta 6+2 1.9 0.6 9.1 3.6 L Kayenta 2.8 12 0.4 4.9 1.4 3.5 Soybeans 0.65-0.70 growth during the growing season. This term is used synonymously with areas or from U.S. Soil Conservation Service personnel. The values used potential appear to be inversely related. Consequently, the northern
Keams Canyon 9.7 1.9 0.6 11.7 7 4.6 Keams Canyon 3.9 1.4 0.5 6.5 2.4 4.1 R ::i;; e 8'28‘8';8 potential evapotranspiration because it includes the water which would o SHE BOE B Tl SRR Y KON, TR N R R B e 2?2f765§§°e“traltpartﬁ g?lFie StUdz Sl iy tﬁlbe i R
Tokaolaleai 10.9 2.8 0.9 15.3 63 9.0 e 5.2 2.4 0.8 9.7 2.6 7.1 s «60-0. be transpired by plants, used in the building of plant tissue, and lost Spec1a11§t, U.S. Soil Conservation Service, Albuquerque, N. M. (oral i1fficu a?eaz o fg a }fl ate.h a ugs o ?ean mon? .y p¥ec1p1tat10n
Many Farm 5.5 1i.3 0.4 A 37 36 Many Farms 3.8 fio5 0.5 5.8 1.7 bl into the atmosphere through evaporation from adjacent soil surfaces, if commun., July 29, 1977). Ci“ be ex?mlge to identify mggt S qurlnﬁ z@i?h p¥ec1p1tat10n
Page Guig i 0.4 8-3 s 46 Page 3l 1.5 0.5 Tk 2.0 Sl an adequate supply were available. The rate of transpiration and = ) . 5 aracte;lsglcs ey ca?se BLS .egs e LE ¢ 1'1taF10n. Thesg pr?b%ems
Teec Nos Pos 7.6 1.5 0.5 10.5 5.7 4.8 Teec Nos Pos 4.2 1.3 0.4 6.7 2.3 4ok evaporation is affected by environmental conditions. Map F ehows the mess irrigacion-yater requivemedt for the selected I SERIRG PR ER D RS Rl e, dyditaliopSin e e as
: Window Rock 6.4 1.0 0.3 8.2 5.1 3.1 rehabilitation plant_ species in the Four Corners area. Page, Ari. seed drilling and surface mulching, or from paucity of precipitation,
Window Rock 1251 1.4 0.4 13.8 9.3 4Ly : ) Several methods are available for estimating consumptive water use. (23.8 in.), and Moab, Utah (22.2 in.), the latter actually within the indicating the need for irrigation. The period of low precipitation at
el e The modified Blaney-Criddle method [U.S. Soil Conservation Service, delimited study area, have the highest irrigation-water rquirements; the beginning of the growing season is likely to detrimentally affect
Colorado > 1970; computer program TR21-V3(western version)] was used in this study Silverton, Colo., and Rico, Colo., show no water deficiency and hence no rehabilitation in most of the Four Corners area.
because it provides reasonably accurate results when locally calibrated irrigation-water requirement to meet the needs of vegetation during
! ZAPSS S : ! ; Cortez 117 Lo 0.6 14.6 9.4 5.2 SZEE:z3NW g'z 1'2 8‘2 Z'Z i’% Z'g (Burman andpothers, 1975) andythe data input requirements aZe Fesdily their brief growing seasons. Thus, there is a range of 22.2 in. in Thg procedure for incorporating the irrigation water requirement
apire oy 4 e 35 : § P , _ : Delta 3NW 7.4 1.9 0.6 10+7 el 6.0 o ) : : * : g Table 6. Rainfall reliability at stations in the Four Corners area available. irrigation-water requirement for this study area. factor into a comprehensive rehabilitation potential evaluation scheme
Durango 17 .8 246 0.8 239 1550 8.9 ULAngo . 6.5 2.3 0.7 10.6 3.4 7.2 [Stations not listed are not likely to fail to requires additional study. Although the inclusion of this factor is
Fort Lewis 17.6 5.0 1.6 27.9 12.4 15.5 goit Lewi;w g'g i'5 R e e 73 receive less than 10 inches of annual precipitation Many environmental factors affect the rate and amount of water used An irrigation-water requirement of 22 in. may appear excessive, logically valid, a central problem concerns interpretation of values.
Gateway 1SW itz ) 1.5 0:5 13.6 9.0 4.6 Eloay ° =8 0.6 Bud Axd Axa within any 20-year period] by vegetation. Blaney and Criddle have shown that consumptive water use however, it is the aggregate requirement for the entire growing season. e f01%OWing questions highlight a nmber af aspects wilel must be
BEand - Tonctien Grand Junction a - varies with temperature, length of day, and available moisture. The The length of the growing season at Moab, Utah, averages 188 days. The dealt with:
WSO AP 8.0 1.2 0.4 10.3 6.0 4.3 WSO'AP e 2 1LFD, 0.3 7.4 4.0 3k leellﬁOOd of less than product of mean monthly temperature (t) and possible monthly percentage average weekly irrigation-water requirement is 0.83 in. and the average £ . . : e .
Ignacio 1N 13.5 2.8 0.9 18.6 9.7 8.9 Ignacio 1N 5.4 1.9 0.6 8.5 2.9 5.6 10 1nc§e§ of’annual of daytime hours of the year (p) yields a monthly consumptive use factor daily requirement 0.12 in. I the—goal is an absolute determination of rehabilitation
Mesa Verde Mesa Verde precipitation (f). Crop consumptive water use varies with this factor when an ample POt?ntlél tax a partlgular arssy cag UG COHCl?de that am
National Park 17.5 3.6 1.1 26.0 12.3 13.7 National Park 9.4 3.0 1.0 14.4 5.6 8.8 - water supply is available. Expressed mathematically, u=kf where: Examination of irrigation-water-requirement values for the Four 1rr1g§t%on—water requ%rement of 10'1n. has tw1ce.the .
Montrose No. 2 8.8 1.5 0.5 11.2 6.8 4o Montrose No. 2 5.4 17 0.5 8.1 3.0 5el ) Once in  Once in  Once in Corners area shows that the highest values tend to occur in the northern rehablllFatlon potential of a requirement of 20 in., even if
Sorthdale 11.4 1.8 0.6 13.7 8.1 5.6 Northdale 4.0 1.6 0.5 6.8 2. Loh Station 5 years 10 years 20 years u = monthly consumptive use of the particular (%) and west-central portion of the study area; the lowest values tend to other things are equal?
cro in inches occur in the eastern and northeastern portion. The pattern of
Norwood 13.7 1.8 0.6 1745 11.7 5.8 EZIWOOdS o g'g i'g 8’2 g'; 2'5 B ARIZONA k = empirgéal consumpéive—use crop coefficient irrigation-water requirements is a composite of growing-season length, If an evaluation of relative rehabilitation potential for
Pagoda Springs 18.9 3.3 1.6 2642 1562 11.0 Paizsix EE & S.l 1.8 0.6 7'2 2'2 2'3 for a month (varies by crop), and growing-season precipitation, and consumptive-water-use distributions. subareas within a given region is the goal, then the question
Paradox 1E 11:9 1:9 0.6 1553 8.9 6.4 sl 4-4 l.l 0-3 6.4 2.3 4.% Batatkbmn X £ = gentidy ermsdipkmase - SANr The influence of topography on these distributions has been discussed of class interval is important. Is the rehabilitation
Riio 26.5 4.2 1.3 §6-3 2%-4 ii-g i lverton 4.6 1.6 0'5 8.5 3'5 5'0 Ganyon de Chelly-—s—==—s=r=ss X earlier, and its influence on irrigation-water requirements is again pote?tial zf 2 392?rea Yit? & 14hin. irrigationjwzterlz )
Silverton 23.3 3.7 1.2 0.1 8.9 . G ° b ° 5 : Dinnehotso X tp apparent. requirement significantly less than a subarea with a in.
i Telluride 6.7 BB B85 8.8 A bo Ganado X here £ = 100. requirement?
Telluride 22.2 2.8 0.9 27.8 1953 8.5 where
Uravan 6.4 1.4 015 B3 3<3 540 Kayenta X
3:El“l’zzito Do ;;2 i; (1)2 éz:g zi:i lg:g Vallecito Dam 102 3.9 o) 18.6 652 12.4 Keams Canyon % Yo waathily tenparatuce date mst be disadasd Foon akssrslanlenl CLIMATE AND REHABILITATION POTENTIAL If the entire region has about the same irrigation-water
Yellow Jacket 2W 14.0 1.5 0.5 15.6 10.5 5 Yellow Jacket 2W 50 1.8 0.6 7.9 2.7 ) Lukachukai X observation. The possible percentage of daytime hours of the year can . . : ) . : ) pede trananl throug?out, age s JhentEied A esalnding The
Many Farms X be estimated from tables based on the latitude of a particular site. The primary consideration in the rehabilitation of surface-mined factor; or should it be included, as a constant, to enhance
) New Mexico Page K e e lands is control of erosion (Holliday, 1975). Erosion is most readily the conceptual vailidity of our model?
New Mexico : . Teec Nos Pos R [ R S " . ik " g ] controlled through the early re-establishment of vegetative cover
) . Aztec Ruins Nat’l Window Rock X onthly consumptive water use factors can be summed for a gilven following surface disturbance. Consequently, and evaluation of At the present state of the art in evaluating rehabilitation potential,
dzgee Biins Hac 1 Monument 3.6 1.2 0.4 540 1.9 31 period to provide a growing-season consumptive-use factor (F), or, rehabilitation potential requires consideration of the facility of these questions are likely to require subjective decisions, as do other
e 8.9 1.6 0.5 11.5 6.6 4.9 Bloomfield 3SE 5l 25 07 102 253 7.9 COLORADO mathematically, F=% f. A growing-season consumptive-use crop revegetation. environmental factors in the ‘evaluating procedure.
Bloomfield 3SE . 8.9 242 0.7 13.9 6.1 7.8 Chaco Canyon Nat’l iy : coefficient (K) can be applied to (F) to produce an estimate of growing-
Ghane tamgen Hak® L Monument bob 1.6 0.5 75 2.8 4o Cortez—————————————m————————— —meee == season consumptive water use V), or, mat?ematically,‘U=KF. The procedure for revegetation may include the preparation of
Chgizument Zg.i g'; 2'; ;g’; 1;-; 1;'2 ghima g.f 28 0.9 13.9 4.5 9.4 Delta 3NW X ﬁigiﬁg;Eizle;eoiaizzzsia)U can be determined by summing monthly ;eedb;d, drilligg orhbroadcaiting of selec;ed seed, apglication of ; REFERENCES
2 . = & - 2 uba . 2.0 0.6 9.6 4.0 5.6 Fort Lewis——————————————————— —mm—— e b4 i * ertilizers, and perhaps, mulching the surface. Beyond this, successfu
Cuba 13.0 2.7 0.8 17.9 9.5 8.4 P g o e . oy = Gateway lSW' X i, e e o i e et e reYegetat%on requires a@equate moiéture to sustain pla?t'grovth. 1 Branson, F. A., 1976, Wgter use on rangelagds, in Proceedings of the Fifth
Dulce 172 3.4 1.3 25.9 13.5 1o Bl Wade Dai 7.5 3.9 1.0 13.6 5.0 8.6 Grand_Junctlon WSO AP=——=———— X b () Shwreabuve e Tl SR e, - W, At (42.10 in.) M01§ture is mosF economically prov1deq by ?atural pr?c1P1tat}on falling Workshop of the United Stétes/Austr?lla Rangelands Panel},1 H.bF. Heady,
ELl V?d° Dam 14.4 3.8 1is2 2441 9.9 1442 Farmington 4NE 3.6 1.5 0.5 6.8 1.8 5.0 Ignacio 1IN-====—————————————— ————e X m—— aedl b, Thah €43 408 L), Ghe Lakbe soreialll wi;hin e delimited’ durlng tbe growing season. However, in a?ld and sem%arlé ?llmates, as De. H. Falkenb?rg, q. P. Riley, eds.: Utah Water Researé¢h Laboratory,
Faru_lmgton 4NE 79 2.6 0.8 134 4.2 9.2 Fruitland o5 3.7 1.3 0.4 5.7 1.8 3.9 Montrose No. 2————==—————————- X e aréa s t}"e i k.le;c e e | i chtors- eyl prerlll in the Four Cormf.rs; area, vegetatlon.growth is llmlteq by Utah State University, Logan, Utah, p. 193-209.
Fruitland 2E 8.3 il 0.6 12.3 4.5 7.8 Gallup SE 5.0 1.9 0.6 8.0 2.1 5.9 Northdale X ¥ s g : 2 > - ’ =5 grow1ng—§eason water deflc%egcy. Several climate Paramet?ré influence } ) )
Gallup 5E 9l 250 0.7 1240 5.7 620 Paradox 1E X has th? lowest value (?°05 in.). Th?se value§ may be con51qered the the magnitude of water deficiency; hence revegetation facility, and Burman, R. D., Rechard, P. A., and Munari, A. C., 1975, Evapotranspiration
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y . . . 6.8 7.6 McGaffey 4SE 7.9 2.2 0.7 19.4 5.4 7.0 eastern portion of the Four Corners area with the highest values in the available for plant growth. Division, p. 173-175.
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gizzjo Dam 18-3 ;-g 8.2 iz.g ?.% ?.f Otis 6.7 1.8 0.6 10.6 dll 6.5 Krphe maias Natcl Nohamentem X higher elevations‘;1 Ehls is ;xpected becau§e oflthi effec;_oflelevatlon Where temperature is the limiting factor for plant growth, one Colorado Water Conservation Board and U.S. Department of Agriculture, 1974,
* < £ C = C S el S 1.5 0.5 5.4 0.6 45 s b L [ oy e B R X on temperature and the use of temperature in calculating F-values. might expect that there is‘a direct relation between growing-season Water and related land resources—-—San Juan River Basin, Arizona,
Shiprock Tl 2.6 0.8 12.9 4.1 8.8 Star Take 5.2 1.1 0.3 7.2 3.5 3.7 Chaco Canyon Nat’l Monument—- X it " . o e e Lo e 4 . e e b length and vege?a% pr9duct1vity; as growing-season length increases, Colorado, New Mexico, and Utah: Portland, Ore., U.S.D.A.-S.C.S., pe I-1
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Tierra Amarilla ANNW 7.6 9.3 0.7 11.8 %5 §.7 Farmington 4NE—————m=———————— T e e %r?ylgg seasoz.conguip.lve zie criptcgi thzlzelectioneof e moisture problem can be more easily managed through irrigation. Critchfield, H. J., 1966, General climatology: Englewood Cliffs, N. J.,
4LNNW 14.2 2.3 057 10104 14 .4 8.0 Tohatchi 1ESE 5.8 1.9 i 9.3 3'2 6.1 Fruitland 2E I S f01 e e g e " Therefore, it appears reasonable to conclude that areas with longer Prentice Hall, Inc., p. 172.
Tohatchi 1ESE 8.0 25 0.8 12.2 ) 8.0 i 3 ° : 2 2 Gallup S5E X L particular crop in a Partlcular areds For'example, L the‘ est growing seasons possess greater potential for rehabilitation than areas
g Grants AP X growing=season ctop coefficient at Betatakin, Ari., for ilfalia is 0.85 with shorter growing seasons, provided that moisture is made available. Environmental Studies Board of the National Academy of Sciences and National
Lybrook X and the growisg-scascn consmpeiye=uig factor (F) is 30.13, then the On this basis, it appears that some locales in the eastern portion of Academy of Engineering, 1974, Rehabilitation potential of western coal
Utah Navajo Dam: T EEeen - e consumptive water use of the vigorous growth of alfalfa at this locale the study area may experience difficulties in rehabilitation due to the lands, A report to the Energy Policy Project of the Ford Foundation by
Aneth Plant 4.9 1.6 0.5 8.1 3.3 4.8 i averages 25.61 in. per year. This value can be compared to the total hevihriat £ i6d e : kel ; H ial for Rehabilitating Dands Surf
sneth Blame 8.4 o 0.6 11.7 5.7 6.0 Blanding 6.6 2.3 0.7 10.7 2.8 7.9 Ot%o e e crowing_ssason precipltation tr detesylne the existente oF Helsure rather brie rost-— rée per}o . Water de 1c1enc1e§, however, are likely t@e Study Comml?tee on the Poten?la or Rehabili a.lng ands Surface
Blandin 11.9 3.3 0.7 16.5 Bluff 3.2 1.8 0.6 6.0 0.2 5.8 Shiprock X e : i - to be of greater magnitude in areas of longer growing season, other Mined for Coal in the Western United States: Cambridge, Mass.,
g . . . . 8.7 7.8 . . . . . . S e X deficiency for alfalfa. This method proYldes only a crude estinate of things being equal, because of consumptive use by vegetation for a Ballinger Publishing Co., p. 2.
Bluff 8.3 1.6 0.5 10.5 i) 4.8 Canyonlands—the- Thoreau SENE X moisture deficiency. A more precise estimating procedure, using a longer period of time.
Ca;zzalands—the— 8.7 1.8 0.6 12.4 650 G Cag;gilands_the_ o HaE O %2 b st Tohatchi 1ESE X+ o meEmss L memms %row%ng—?igsg; waz:r btiget, ii glven.bz'thiiU.f. Eoil Coniirvaito? e . Holliday, B. 0., 1975, Procedure and use.of tec?nical guides'in planning.the
i 5 3 & . 5 . T, S e i o - éi eerget R é' EEai0 ?eih'on Ozhlg ;83 on=watcr: requitenc < The amount and temporal distribution of precipitation are important reclamation of surface—mineq areas in Wyoming: U.S. Soil Conservation
Nesihe _— Ttk 5% 5 - i ° ° UTAH Wenedeta ILech CLSCHS 100 L8 HeLigt e factors influencing the amount of moisture available for plant growth. Service, Conservation Planning Memorandum WY-11, 6 p.
3 & ° & & & Castleton 7.6 2.4 0.8 11,5 3.6 7.9 : . ' b - Annual, seasonal, or monthly totals are useful indexes of effective
Castleton 13.1 2.8 0.9 18.2 9.6 8.6 Cedar Point 8.0 2.5 0.8 124 5.8 6.6 Aneth Plant X = ——— The Blaney-Criddle gethed was developed for estimating irrigatlon- precipitation in arid and semiarid areas because a small proportion of packer, P. E., 1974, Rehabilitation potentials and limitations of surface-
Cedar Point 13.6 2.3 0.7 7 10.3 6.9 Green River Avn. 4.0 1.4 0.4 6.0 1.9 4.1 Blanding X Helen requirements of agricultural crops. Most of the crop coefficients the total is typically lost due to runoff (Branson, 1976), and the mined land in the northern Great Plains: U.S. Forest Service, General
Green River Avn. 6.2 157 0.5 9.0 bl 4.9 Hanksville 345 12 (o8 55 118 87 Bluff R T S available in the literature are of llFtle sse o eRtlnaiug SRmEEIELE remainder is stored in the soil. The models for estimating effective Technical Report INT-14, 44 p.
Hanksville St 1.3 0.4 743 4.0 3.3 Hovenweep Nat’l Castleton F - e use for the types 9f.vegetat10n used in surface mine rehabllltatlo?. precipitation from total precipitation data are rather complicated, and
Hovenweep Nat’l Monument 5.6 2.0 0.6 10.1 2.6 Fs5 Canyonlands-the-Neck————————— X Month%y crop coefficients for alfalfa or pasture grasses are sometimes their discussion may result in more confusion than clarity. Further Trewartha, G. T., 1968, An introduction to climate (4th ed.): New York,
Monument 10.6 19 0.6 13.6 8.4 5.2 Canyonlands—the-Needle X used in the absence of more appropriate coefficients. Burman, Rechard, information concerning these models can be found in U.S. Soil McGraw-Hill, Inc., p. 151-152.
La ?al 6.3 1.6 0.5 8.5 3.0 55 Cadar Point % and Munari (1975) recommend local calibration of crop coefficients to Conservation Service (1970},
e > e . o ki = o sy g - - g -y i x Green River AVn.——----m-m--mv e e R R M U.S. National Oceanic and Atmospheric Administration, 1965-75, .
ek 4 8.1 1.8 0.6 lO.9 5'7 5'2 Moaticello 5.9 1.4 0.4 7.9 31 Py Hanksville SISO SR e ppestbie, 0_ CE gL CLop F o s The amount of moisture required for growth varies with plant type. Climatological data for the United States by section: Annual summaries,
A ° 2 i i . & * ° # Hovenweep Nat’l Monument—-—-—-—- T mmmee e COHSHpPLIvesuSE ¢ aracteristics of the p ant types used in However, the Environmental Studies Board of the National Academy of Vo 52, 1i6e 13, to ¥ 61, now. 13,
Monticello 14.6 243 07 18.8 12.0 6.8 Monument Valley ; rehabilitation: (1) use of consumptive—use measurements for ; : A .
Monument Valley Mission 4.7 2.2 0.7 10.0 2.3 Fed MexlcanyHat = rehabilitation species, or (2) use of consumptive-use measurements for Sc1e?c§s v gat1°“al SEETeny B Englne?r}ng $1974) BUECESE t?a? oy ; ; : 1976 e ridati tear vedil Htely. Sl
Mission 7+5 202, 0.7 124 5.0 7.4 § Naah 4 o o = natural vegetation. The latter strate is based on the assumption that RESEIERE. Jl (50 on e af sl prec1p1tat¥on gEn, e Sl Pl S0 Consgrvatlon.Serv1ce,. o e g e T gt
Natural Bridges Monument Valley Mission—————- X 8 L gy =) . N P Given the above estimate, the data presented in table 3 can be used to Conservation Service Technical Release 21 (rev. 2), 88 p.
Natural Bridges . Nat’1l Monument 6.8 2.4 0.8 11.3 4.1 Fa2 Natural Bridges Nat’l Monument X mememme e Elie most.successful SRCPEED Fo be.u§ed i rehablllt?tlo? w%ll ke evaluate the likelihood of a year with less than 10 in. of
Nat’l Monument 121 3.4 11 19.8 725 12.3 Navajo Mountain Jied 2.4 0.8 9.2 0.9 8.3 Navajo Mountain=-————————————— X = memm—— e consumptive-use characteristics similar to the species indigenous to the precipitation. Table 6 provides a summary of these evaluations. Wali, M. K., ed., 1975, Practices and problems of land reclamation in
Navajo Mountain 6.3 2.9 0.9 12,0 3.0 9.0 Thompson 5B 1.8 0.6 o % 6.0 Thompson R s sacmes area. The crop coefficients developed for this research were based on western North America: Grand Forks, N. D., University of North Dakota
Thompson 9.5, 2.3 0T 13 1 6.0 i consumptive water use measurements takep for rehabilitation plant Press, 196 p.
Specless Wymore, I. F., Striffler, W. D., and Berg, W. A., 1973, Water requirements
for stabilizing and vegetating spent shale in the Piceance Basin:
Department of Natural Resources, Colorado State University, Contract
report of 0il Shale Revegetation Study Committee, phase I-F, 68 p.
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