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THE MOUND AND VALLEY WATER HARVESTING
SYSTEM: A POTENTIAL MINE RECLAMATION ALTERNATIVE

by

Charles L. Constant and John L. Thames
School of Renewable Natural Resources

University of Arizona
Tucson, Arizona

ABSTRACT

A mound and valley water harvesting system was installed adjacent to Peabody Coal Company's Kayenta
mine on Black Mesa in the spring of 1979. The project is testing the effects of four water catchment
treatments (natural, seeded, compacted, and salted and compacted) on the establishment and production of
four plant species (yellow clover, crested wheatgrass, four -wing saltbush, and western wheatgrass). The
site consists of three parallel mounds or catchment areas (with 13 to 16% slope) alternating with two
topsoiled (10 to 12 inches deep) collection valleys (800 feet long and 120 feet apart). This past grow-
ing season was dry (3.35 inches). Despite the drought, plants did establish and survive. The plant
density was not high, but it greatly exceeded that of Peabody's reclaimed and planted areas. Even in
places where some plants germinated early in the season, the subsequent dry period took an extremely
high toll. At present the vegetation on the site is undergoing severe stress, but with decreasing tem-
peratures it appears likely that survival will remain satisfactory until freezing weather. By using
this technique the average cost per acre reclaimed could be reduced significantly.

INTRODUCTION

Black Mesa is a region rich in coal located in the northeastern portion of Arizona known as Navajo
Land. In the next 25 to 35 years Peabody Coal Company intends to strip mine an area of approximately
14,000 acres. This semi -arid area lies at an elevation between 5,500 to 7,000 feet. The geology of
the mesa consists predominantly of outcropings of Navajo sandstone and natrarigid soils. The natural
vegetation of the area depending upon altitude is juniper -pinon, sagebrush, and grassland (Thames and
Verma, 1977). The total annual precipitation ranges between 8 to 15 inches depending upon the location
and altitude on the mesa. Normally the months of July through October have been considered the rainy
season but for the past two summers, 1978 and 1979, rainfall has been abnormally low with only 1.85
and 3.35 inches respectively. Low precipitation and the high evaporation rates, characteristic of the
Black Mesa also prevail over most of the western coal mine region, and greatly complicate the reclamation
of strip mined areas.

In order to cope with these harsh environmental conditions Ronald Sauer, of Battelle Pacific North-
west Laboratories, has developed a mound and valley water harvesting system for concentrating precipita-
tion to maximize crop yield, and to reduce reclamation time and expense of recontouring. The system
works by collecting runoff water from the smoothed slopes of the mine spoils and directing the rainfall
to strips of topsoil placed between the spoil banks. The crops are planted in the topsoil while the
slopes which are the precipitation catchment areas are compacted or otherwise treated to increase run-
off (Sauer and Thames, 1979). The system was tested on simulated mine spoils in the arid Columbian Basin
region in Southeastern Washington and gave promising results (Anonymous, 1978). Described here are the
results of a first test on actual spoil banks of the Black Mesa mine.

SITE CONSTRUCTION

A 4.9 acre mound and valley water harvesting system was installed on the Peabody's Kayenta N -1 mine
of the Black Mesa in the spring of 1979. The purpose of the project is to test the effects of four water
catchment treatments on the establishment and production of four plant species, and to perform a cost
analysis on this technique.

The project site was the only area available at the time of site selection with at least three rows
of ungraded spoil. It was located adjacent to and only one row behind an active pit. The site consists
of three parallel mounds or catchment areas having slopes of 13 to 16% and slope lengths of 56 to 60
feet; and alternating with two topsoiled, 10 to 12 inches deep, collection valleys that are 800 feet long
and approximately 120 feet apart. The collection valleys are oriented north and south. Each collection
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valley was divided into eight, 100 foot vegetative plots which received concentrated runoff from two

400 foot catchment areas. The catchment treatments used were seeded and fertilized, untreated, com-

pacted, and salted and compacted (Figure 1.). The four plant species used in this study were yellow
clover (Melilotus officinalis), crested wheatgrass (A ro ron desertorum), four -winged saltbush (Atri-

plex canescens , and western wheatgrass (Agropyron sm The site construction began on March 23,

1979 and was completed one month later, April 24, with the planting of the four plant species.

Catchment Treatment Sloes

Seeded 8 Fertilized A 9 B
Untreated C 9 D
Compacted E d F
Salted & Compacted G 9 H

Plot No. Seed T e
Yellow Clover

2 Crested Wheatgrass
3 Four Winged Sabbush

4 Western Wheatgrass

Figure 1. Sketch of the mound and valley water harvesting site showing the
four catchments and sixteen vegetative plots.

RESULTS

SOIL MOISTURE

Soil moisture was sampled gravimetrically at monthly intervals in the collection valleys. Samples

were taken from the 0 to 8 cm depth at three points on a transect across each vegetation plot within

each collection treatment for a total of 48 samples on each sampling date.

On August 17, one day following a small storm two replicate samples were also taken from the same
depth from each treatment on the catchment areas and compared to moisture contents of the collection
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areas (Table 1).

Table 1. Moisture content of catchment areas and collection
areas, August 17, 1979.

Treatment Catchment Areas Collection Areas
East Slope West Slope

moisture content -- percent by weight

Seeded, fertilized 3.63 3.90 9.48

Untreated 7.43 6.82 8.82

Compacted 3.19 2.92* 7.96

Salted, compacted 5.42 16.13 11.66

Sample taken in heavily crusted area.

Based on these samples, the data indicate that water content was higher on the collection areas
than the catchment areas for all treatments. The differences between catchment areas and collection
areas followed the order: 1) salt compacted (omitting a sample taken from a salt crusted area);
2) fertilized and seeded; 3) compacted; and 4) untreated. Differences ranged from 6.2 percent for the
salt compacted treatment to 1.7 percent for the untreated area. These differences may be confounded
by the physical differences between treatments in the slopes and areas of the catchments. For example,
the ratio of catchment area to collection is 7.8:1 for the fertilized- seeded treatment, 6.4:1 for the
untreated plot, 8.2:1 for the compacted treatment, and 6.3:1 for the compacted and salted catchment;
respected slopes were 14.2 percent, 13.1 percent, 14.4 percent, and 16.2 percent. Thus, the moderate
differences between these roughly similar catchments could be due in part to configuration rather than
treatment.

During the growing season, from planting on April 24 to the first severe freeze in early October,
moisture contents of each vegetative plot were averaged (n =54 samples /each plot) and compared to the
moisture content Peabody's reclaimed topsoiled area adjacent to the experimental site (Figure 2.).
Moisture contents for all the vegetative plots in the collection valleys were generally higher than
those of the catchment areas (Table 1) and of Peabody's reclaimed area. It was expected that differ-
ences in moisture would be apparent (e.g., more moist along the edges of the slopes) because of uneven
topsoiling. However, the transect data indicated that there may be minor differences in localized areas
but that overall differences were negligible. Plots that exhibited high moisture contents in figure 2
contained depressions where ponding occurred after brief rain showers thus biasing the moisture contents
for those vegetative plots.

Definite conclusions cannot be made from one very dry (3.35 inches of precipitation) summer's data
on differences in moisture content due to the effects of catchment treatment. Confounding factors such
as natural variability, catchment configuration, catchment to collection area ratios, collection valley
leveling, and possible lateral flow of runoff would mask real differences. However, it is apparent that
water content is moderately higher than wilting (6.0 to 7.8% moisture content at 15 bars) thus producing
successful growth in all the vegetative plots.

VEGETATION

The collection areas were planted with four species recommended by the Plant Materials Center of
the University of Arizona. The species are yellow clover, crested wheatgrass, four -winged saltbush,
and western wheatgrass (see Figure 1 for plot arrangement). The seeds were broadcast on April 24 with
a cyclone seeder using application rates of 15 pounds per acre for yellow clover and western wheatgrass
and 10 pounds per acre for crested wheatgrass and four -winged saltbush. These application rates were
recommended by Valley Seed of Phoenix, Arizona. At the time of seeding, one of the catchment areas was
seeded and fertilized with a seed mix used by Peabody Coal Company at a rate of 26 pounds per acre
(Begay, 1979). All plots were fertilized with a 6- Nitrogen -12 Phosphorus -6 Potassium pelletized mixture
at a rate of 120 pounds per acre (Valley Seed, 1979).

Three transects six inches wide and extending across the width of the collection area were estab-
lished on each vegetation treatment plot for density counts and height measurements. The transects were
located in the center and near the north and the south boundaries of each plot for a total of 48 tran-
sects. Measurements were made at monthly intervals.

Plant densities within the vegetation treatments were not high this first season. However, with the
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Figure 2. A comparison of soil moistures and plant growth during the
growing season for four plant species affected by different
catchment treatments.

exception of three transects, all other transects had some of the seeded plants established. The three

transects with no germination were in areas of ponded water which persisted for extended periods after

rain. Some Russian thistle and yellow mustard established naturally on some of the plots, but their
establishment were not extensive.

The plot density summary for the first growing season (Table 2) indicates that yellow clover and
crested wheatgrass germinated the largest number of seedlings per square meter, but also had the highest
mortality rates (50 to 52 %) during the dry summer. Four- winged saltbush and western wheatgrass ger-
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Table 2. Plant density summary for the 1979 growing season
on the mound and valley water harvesting site.

Plant Density (plants /m2)

Yellow Crested Four -Winged Western
Clover Wheatgrass Saltbush Wheatgrass

Catchment
Treatment Germ. Surv. Germ. Surv. Germ. Surv. Germ. Surv.

Seeded and 98 35 19 35 9 10 7 10
Fertilized

Untreated 124 66 237 90 3 2 2 3

Compacted 129 46 57 23 2 3 7 4

Salted and 10 4 24 12 8 15 9 15

Compacted

1Number of plants germinated 4 weeks after planting.

2Number of plants surviving after 20 weeks and prior to first freeze.

minated in fewer numbers, due to longer germination periods, but after twenty weeks of growth their num-
bers had actually increased on some of the vegetative plots. It should also be noted that the catchment
area (non-topsoiled area) treated with Peabody's seed mixture and fertilized had no success, not even one
blade of vegetation during the entire growing season. Peabody's reclaimed area adjacent to the site
which was topsoiled and had two tons per acre of straw mulch also experienced no germination of seed-
lings. Both the site and Peabody's reclaimed area received no additional moisture other than whatwas
naturally provided.

Effects of different catchment treatments on the four plant species seemed to have a minimal impact
on their performances except for the salt compacted treatment. Yellow clover and crested wheatgrass
appears much less tolerant to increase soil salinity, due to salt runoff into the vegetative plots, than
do four -winged saltbush and western wheatgrass. This fact agrees with the physiological characteristics
of the plant species (Valley Seed, 1979).

Plant growth during the twenty week growing season (Figure 2.) was actually stunted due to inade-
quate soil moisture. All four species require a minimum of 12 inches of precipitation, instead of 3.35
inches, for normal growth. Under normal environmental conditions all species should attain heights of
at least 75 cm. as opposed to 3.0 to 6.0 cm. for yellow clover, 7.2 to 8.3 cm. for crested wheatgrass,
5.6 to 22.5 for four -winged saltbush, and 6.0 to 13.1 for western wheatgrass. Again four -winged salt -
bush and western wheatgrass seemed to be more adaptable to these harsh conditions than the other two
species.

COSTS ANALYSIS

The on- the -ground costs of the experimental installation are listed in Table 3.

Table 3. Cost as of October 1979.

214 Dozer hours @ $76 /hr.

36 Scraper hours @ $74 /hr.
$16,264.00

2,664.00
216 dozer operator hours @ $10.79/hr. 2,330.64
32 dozer operator hours, 1 1/2 time @ $16.18 /hr. 517.92
40 scraper operator hours @ $10.79 /hr. 431.60
Project supplies: salt, seed, fertilizer, etc. 1,106.73

$23,314.89
4.9 acres $4,758.14 /acre
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These costs include lost time and inefficient use of time by the operators in becoming accustomed
to the unfamiliar type of grading required by the project, overtime for weekend work, unnecessary work
due to difficulties in communication with the Navajo operators through the union hierarchy, and inef-
ficiencies because of not being able to obtain equipment at times when needed to complete a sequence
of operations. Solution to these problems could realistically reduce the costs per acre by 10 to 20 per-
cent.

Despite the problems and the apparent high cost per acre, the method is considerably less costly
than the normal reclamation costs expended by Peabody Coal Company on the Black Mesa. The company's
best estimates at present vary from 14,000 to 28,000 dollars per acre depending upon haulage distances
for topsoiling.

At present, Peabody is required to reclaim 1200 acres. The lowest estimate is 16.8 million dollars
and the highest is 33.6 million. If the water harvesting technique being demonstrated in this project
becomes acceptable and if it were applicable to the entire mine site, savings would be on the order of
11.1 to 12.7 million dollars based on Peabody's lowest present estimates.

SUMMARY

Plant establishment, though not particularly outstanding this first season, was far superior to
plant establishment on adjacent areas. Plant establishment can be enhanced quite probably in future
trials by precultivation and drilling the seed since soil moisture was significantly higher in the plan-
ted areas than of adjacent regraded spoils. The salt treatment of catchments is questionable, but data
from at least two growing seasons will be needed to provide definite conclusions. Costs of the method
are considerably less than costs of traditional methods presently employed and experience gained in
installing the project will help reduce costs on subsequent installations. The fact that success was
experienced with the method during a season when normal reclamation experienced almost complete failure
points up the potential suitability of the method for dry western conditions.
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