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SCOPE 

The Mining and Reclamation Plan for the Wellington 

Coal Cleaning Plant has been previously written. The 

baseline data for the native plant communities and soils 

were included. Field studies indicated several problems 

that may adversely affect final reclamation of' this area. 

The purpose of this report is to outline these problems, 

provide a scientifically sound revegetation plot design 

for testing the variables, and to describe the current 

t~chniques that will insure successful final land 

reclamation. 

The revegetation test plots will provide a quant

itative and qualitative means to explore the potentials 

and limitations of the reclamation program. They should 

also provide reasonable and often economical aternatives 

to the reclamation planner. 
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INTRODUCTION 

The primary goal of the revegetation plan is to work 

within the environmental constraints of the ecosystem in 

establishing cover that willI) eventually be capable of 

perpetuating itself under natural conditions and 2) meet 

the needs of various users as they existed prior to dis

turbance. As suggested in the vegetation and reclamation 

plan (Collins 1983), vegetative test plots would provide 

a qualitative and quantitative means to explore the 

potentials and limitations of the final reclamation program. 

They also provide reasonable and often economical altern

atives to the reclamation planner. The successful estab

lishment of vegetation is dependent not only on· supplying 

the essential plant nutrients, water, reclamation technique 

and adaptable species, but in providing these materials in 

adequate amounts at the critical time. Hodder (1977) 

points out that the combination of these factors naturally 

occur infrequently in the semiarid West. McArthur et al. 

(1978) states that "improvement of salt desert ranges with 

less than 8 inches (20.3 em) of precipitation involves 

approaches largely to be discovered." 

The Wellington Coal Cleaning Plant is located in the 

semiarid salt desert of central Utah. Elevation of the 

area lies between 5,300 and 5,500 ft above sea level. 

Mean annual precipitation generally lies between 6 and 8 
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inches (Climatological Data 1975-1977). 

The plant communities of the area lie primarily on 

rolling slopes of Manco Shale and alluvial valley deposits. 

There are three major plant communities affected by the 

activities of the coal cleaning plant. The rolling hills of 

theManco Shale soils have been disturbed. Plant communities 

supported on these slopes are predominately Atriplex-Hilaria 

(shadscale-galleta), and to a much lesser extent, Artemisia

Hilaria (black sagebrush-galleta). Finally, the major 

drainage and valley disturbances were once inhabited by 

Sarcobatus-Suaeda (greasewood-alkali seepweed) communities. 

The above three plant communities were sampled to provide 

baseline data and to set standards for revegetation. For 

quantitative and qualitative data on the area, refer to 

Collins (1983). Moreover, isolated patches of nearly pure 

stands of Indian ricegrass (Oryzopsis hymenoides) and 

mat saltbrush (Atriplex corrugata) can be found throughout 

the property. Since these two communi ties and the Artemisia-

Hilaria community are relatively few and are composed of 

very little total acreages, they will have little or no 

effect on the revegetation procedures upon termination of 

the coal cleaning plant activities. For vegetation maps 

of the area, refer to Collins (1983) • 
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• MAJOR DISTURBANCE AREAS AND PLOT DESIGNS 

Within the two major plant communities to be reclaimed, 

there are basically four significant areas of land disturb-

ances: the surface facility area, the coarse refuse area, 

the coarse slurry area, and the sediment (slurry) pond area. 

A reclamation test plot, specifically designed for each 

area, will be established on the four major disturbance types. 

The paragraphs below will list the reclamation techniques 

to be employed at the test plot for each area. Subsequent 

sections will describe each technique to be used on the test 

plots and offer justifications for their use. Furthermore, 

diagrams are also included illustrating treatments, plot 

• size and design. 

Surface Facility Area 

The surface facility area, located west of the Price 

River, is probably the least impacted area of the four 

major disturbance types. The soils of this area have been 

compacted by vehicles, heavy equipment and general surface 

facility operations. A reclamation testing area will be 

placed on this area (see enclosed maps for location). 

The following treatments will be implemented on the 

entire plot area: 

1) ripping 
2) fertilization 
3) gouging 
4) adapted plant seeding 
5) mulching 
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6) containerized stocking 
7) fencing 

In addition, the following treatments will be tested 

for effectiveness: 

1) irrigation 
2) different seed mixtures 
3) topsoiling 

For an illustration of the plot design for this area refer 

to Figure 1. For a list of plant species to be seeded 

and transplanted, refer to Tables 1 and 2. 

Coarse Refuse Area 

The coarse refuse pile west of the Price River and 

south of the cleaning plant is another area that need~ 

• 
pre-reclamation consideration and testing. The coarse refuse 

piles consist of black shaley waste material (10 in. plus) 

that has been hauled and dumped from the coal cleaning 

process. Because the material is so coarse, the piles often 

contain void air inter-spaces. Therefore, at the time of 

final reclamation it may be necessary to initially cover 

the pile with finer material (i.e. the coarse slurry 

material located on the east side of the Price River). 

Following this procedure, topsoiling may be more efficient 

because the soil would not be lost through time to the void 

inter-spaces. 

The following treatments will be implemented on the 

entire test site: 
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• 1) ripping 
2) gouging 
3) fertilization 
4) adapted plant seeding 
5) containerized stocking 
6) mulching 
7) fencing 

In addition, the variables tested will be: 

1) coarse slurry coverage 
2) topsoiling depth 
3) irrigation 
4) organic amendments 

The exact location. of this test plot is also shown on the 

enclosed map. For an illustration of the plot design, 

refer to Figure 2. Furthermore, the plant species list 

for the proposed test plot is shown on Table 1. 

Coarse Slurrv Area 

• Another major disturbance type ·on the Wellington 

Coal Cleaning Plant properties are the coarse slurry piles 

east of the Price River and west of the slurry ponds. This 

material is much finer than the coarse refuse material 

mentioned above (size < 1.25 in). No toxic salt levels 

were evident from the soil testing results (Collins 1983). 

Furthermore, some weedy plant species are presently in-

vading this disturbed area with no added amendments or 

treatments. Location of this test plot is shown on the 

enclosed map. 

The following treatments will be performed on the 

entire test plot: 
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• 1) gouging 
2) fertilization 
3) ripping 
4) adapted species seeding 
5) containerized plantings 
6) mulching 
7) fencing 

The additional variables tested will be: 

1) irrigation 
2) borrow topsoil depth 
3) organic amendments 

For an illustration of the test plot design, refer to 

Figure 3. For the species mixture to be seeded, refer to 

Table 1. 

Slurry Pond Basin Area 

The slurry or settling pond areas are composed of 

• saline-sodic soils at their present state (refer to soil 

analyses, Collins 1983). Prior to land disturbance, the 

area was primarily supported by greasewood (Sarcobatus 

vermiculatus) communities. Greasewood community soils 

are often prone to saline conditions, but with the con-

stant evaporation of saline waters (necessary for the 

cleaning plant) toxic levels of soluble salts and 

exchangeable sodium have resulted. 

Present reclamation plans entail returning the 

community to greasewood, however, there are some projected 

concerns about these reclamation procedures. Upon term-

ination of the coal cleaning plant's activities, constant 
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• sedimentation of the ponds could raise the ground level 

approximately 30-40 ft. This could, of course, change 

soil moisture and ground water relationships. Therefore, 

the saline-sodic soil should be reclaimed and a variety 

of treatments tested. Furthermore, the species mixtures 

will include species that may be adapted to the greasewood 

community and/or the shadescale community (see Adapted 

Plant Species section). The following treatments will 

be performed on the entire test plot: 

1 ) natural leaching 
2) ripping 
3) fertilization 
4) calcium sulfate amendment 
5) gouging 
6) adapted species seeding 

• 7) containerized planting 
8) mulching 
9) fencing 

Additional treatments tested are listed below: 

1) coarse slurry coverage 
2) irrigation 
3) borrowed topsoil depth 
4) organic amendment added 

It should be mentioned that it is presently not 

feasible to use any portion of the slurry pond for a test 

plot because it is still in use. Therefore, an area 

adjacent to the pond will be leveled and used. Slurry 

pond spoil material will be placed on the test plot area. 

The ground level of this area will be approximately 20 ft 

higher than the present pond level but, this will actually 
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be nearer to the pond elevation at the time of final 

reclamation. For test plot locations refer to the enclosed 

map. For an illustrated plot design, refer to Figure 4. 

All test plot locations are pending approval by the State 

of Utah, Division of Oil, Gas and Mining. For a proposed 

species list refer to Table 3 • 
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RECLAMATION TECHNIQUES 

The Wellington Coal Cleaning Plant properties contain 

a variety of severe environmental variables that may make 

revegetation a formidable task. Previous sections have 

described the proposed test plots and also list reclamation 

treatments and techniques to be performed at each plot 

location. Listed below are all treatments and techniques 

proposed in the test plot with a brief description and 

justification of each. Listed first are the techniques 

that will be used on the entire test plot on all dis

turbance types (plot locations). These techniques will 

also be implemented at final reclamation. 

Soil Ripping 

Much of the soils of the area (i.e. coarse slurry 

and surface facility. areas) have been compacted by heavy 

equipment· and other vehicles. Soil crusting from the 

soluble salts and poor soil flocculation from the exchange

able sodium (Donahue et al. 1983) are expected in much of 

the disturbed soil. Therefore, to relieve soil compaction, 

increase infiltration and decrease salts, soil ripping will 

be accomplished on all test plots (Donahue et a1. 1983, 

Schaller and Sutton 1981, Thames 1977, Vories 1976). 

Fertilization 

Soil analyses indicated nutrient deficiencies, especially 

nitrogen and Phosphorus. Therefore, all test plots will 
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have fertilizer incorporated in the soils prior to seeding. 

Present recommended application rates for arid and 

semiarid re&ions are 80 1 bs / acre Nand 80-160 1 bs / acre P 

(Packer and Aldon 1978, Cook et al. 1974). Following 

reclamation techniques and seedbed preparations, soil 

will be analysed for basic fertility. Fertilizer 

application rates will depend on results from these 

analyses, however, they will be within the ranges described 

above. 

Gouging 

Gouging is a surface configuration composed of a 

series of depressions approximately 10 in. deep, 18 in. 

across and 2S in. long. Gouging effectively reduces salt

ation, controls water erosion and increases infiltration 

(Thames 1977). Gouging is also effective for winter 

snowpack. It keeps most snow from blowing away and causes 

differential melting patterns (Hodder 1976). Minimal loss 

of snowpack increases spring and summer soil moisture. 

Adapted Plant Species 

Quantitative sampling has been accomplished in the 

major plant communities of the Wellington Coal Cleaning 

Plant (Collins 1983). The data may serve as a gUide for 

species selection, but due to the alteration of the plant 

community by structural disturbance, a combination of 

species that exhibit wider ranges of tolerance in response 
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to disturbance will be used. A mixture of forbs, grasses 

and shrubs are preferred because they furnish food and 

cover for wildlife and provide greater species diversity 

(Cook et al. 1974). Of primary concern at final reclamation 

of the cleaning plant, is to establish "desirable" plant 

species before weedy species (i.e. Halogeton) become 

established. 

Considerable debate continues over the merits of using 

introduced plant species for revegetation of semiarid 

disturbed lands. There is some justification for this 

opposition, _however, condemnation of all is not justified. 

For example, tall wheatgrass (Agropyron elongatum), has 

proven superior to many native species on a variety of 

saline sites throughout the West (Thornberg and Fuch, 1981). 

One of the aforementioned test plots will be seeded with 

a select mixture of native and introduced species (see 

Figure 1 and Table 2). Although results from this test 

plot will not prove conclusive for all soil types to be 

reclaimed at the cleaning plant, it will provide an index 

to explore the species range of adaptation. If results 

are feasible, additional testing may be warranted. 

The principal criteria for species selection includes: 

1) Adaptation to existing and predicted environmental 

extremes. 

2) Ease and rate of establishment. 
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• 3) Availability of seed. 

4) Species that meet post-reclamation needs (palat-

able and nutritious to wildlife, grazing and 

wat~rshed value). 

5) Plants that are deep rooted and have sod-forming 

capabilities. 

6) Plants that expedite natural plant succession 

(nitrogen-fixing plants). 

7) Plants that are aesthetically pleasing. 

Seeding 

Drill seeding is still often preferred over broadcast, 
~ j 

even though surface manipulations i.e. pits, trenches or 

• basins are used (Cook 1974). Therefore, drilling the 

seed mixture will be accomplished on the test plots. 

Containerized Stocki~g 

Transplanting containerized species will be done on 

each disturbance type. To monitor success of transplants 

on each treatment, 2-6 plants per subplot (20 ft by 35 ft) 

will be transplanted. These containerized transplants 

will be labeled as to not be confused with seeded plants 

in the future. Speci~s considered for transplants are 

marked on Tables 1 - 3. 

Mulch 

Mulch nearly always shortens the time needed to 

establish a suitable plant cover (Kaye 1978). Organic 
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surface mulches conserve moisture, reduce soil temperatures, 

decreases erosion, decrease evaporation, and can supply 

organic acids and essential plant nutrients to the soil 

(Packer and AId n 1978, Thames 1977, Vories 1976). It is 

probable that mulching will be necessary to enhance 

establishment of perennial plant species during final 

reclamation." Therefore, all test plots will be mulched 

with straw at the rate of 2,000 lbs/acre and anchored to 

the ground by a straw crimper. 

Fencing 

A few cattle, deer, rabbits or other animals could 

destroy the test plots in a very short period of time. 

Therefore, all test plots will be fenced in such a manner 

to preclude livestock and wildlife. 

Listed below are several other dry-land reclamation 

techniques that will be variables in one or more of the 

reclamation test plots of the Wellington Coal Cleaning 

Plant properties, These techniques, in conjunction with 

the aformentioned techniques, should provide valuable 

information on the most efficient and feasible methods for 

insuring adequate vegetative cover, diversity and density . 
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Discontinued Use - Natural Leaching 

It is possible that upon termination of the cleaning 

plant activities, and when the slurry ponds begin 

to dry, natural leaching of soluble salts will occur. 

Topsoiling 

The spreading of natural surface soil on spoils has 

a number of beneficial effects on the revegetation of 

land. It furnishes nutrients not usually encountered in 

raw spoils. It provides a source of microbial 

activity to improve plant-moisture relationships and the 

soil building process (Packer and Aldon 1978). Furthermore, 

topsoil has better infiltration and soil stability charac

teristics. 

Upward migration of sodium could be a problem on some 

sites of the ·Wellington Coal Cleaning Plant. Current research 

indicates that sodium can migrate, but may not extend past 

the bottom few centimeters of the new topsoil (Packer and 

Aldon 1978). Sandoval et al. (1937) found that in North 

Dakota as little as 5 cm of good quality topsoil over 

sodic soils (SAR 25-30) enhanced plant growth and production, 

increased water infiltration, reduced surface crusting and 

reduced runoff. 

In mined.areas of the Western Coal Company spoils near 

Farmington, New Mexico, plant growth of topsoiled spoils 

was enhanced when a portion of the borrowed topsoil was 
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incorporated into the spoils and the top layer of the soils 

were left unincorporated. Comparisons will be made on the 

Wellington test plots between topsoiling vs. no topsoiling 

and differing topsoil depths (see specific plot designs 

for details). All topsoiling treatments on the test plots 

will include incorporation of the lower half of the pre

scribed depth into the spoil material. 

Coarse Slurry Coverage 

It is hypothesized that at least a 10-18 inch layer 

of coarse slurry material placed over the slurry pond 

basin will act as a salt barrier and prevent upward move

ment of toxic amounts of sodium. 

Coarse slurry material coverage will also be tested 

for effectiveness on the coarse refuse areas. As previously 

mentioned, this material may prevent loss of topsoil 

through the void interspaces. 

Organic Amendments 

Sewage sludge, manure, straw and wood fiber are effect-

ive for improving alkaline spoils for plant growth. The 

organic matter compri ing these amendments can tie up 

sodium, thereby reducing its availability, and toxicity to 

plants (Packer and Aldon 1978). Organic amendments also 

improve soil structure, water holding capacity and provide 

essential plant nutrients (Donahue et al. 1983, Dean and 

Skirts 1977, Sutton 1973, Deart and Haven 1971). 
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Irrigation 

The major problem in vegetation establishment on the 

spoil areas may not be toxicity or the infertility of the 

spoil materials, but the difficulty of getting moisture 

into them. An unpredicted spring-or summer moisture 

could easily destroy all chances of plant establishment 

during reclamation. Perhaps a normal year precipitation 

is simply not enough to establish vegetative cover on the 

reclaimed soils. Therefore,a drip irrigation system is 

proposed as a variable on all test plots. 

Possible water sources are of three locations: 1) 

the cleaning plant system, 2) the Price River or 3) 

culinary water. Water rights are available if irri

gation is proven to be the most feasible route for plant 

establishment. 

A significant innovation in reclaiming sodic and 

saline-sadie soils is the initial use of "salty" water 

(Donahue et ale 1983) i.e. the Price River. A high salt 

content in water keeps sodic soil flocculated, allowing 

penetration of the leaching waters. Thus, the first 

water used for leaching may be moderately salty water 

(Vander Pluym et al.' 1973). After most of the exchange

able sodium is removed by the calcium in the salts of the 

water or from gypsum additions (described later), water 

of lower salt content may be used for final leaching 
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(Donahue et a1. 1983). 

Exact methods and water sources will be identified 

pending further investigation into the subject. What 

should be emphasized here is that a form of drip irrigation 

vs. unirrigated plots will be compared (see Figure 1 - 4). 

It should be further emphasized that irrigation will be 

used only as a supp~emental source of moisture for initial plant estab-

lishment. Water will be applied only at 5~lO day intervals during dry periods. 

Calcium Sulfate Treatment 

It is well documented that calcium sulfate (gypsum, 

CaS04 • 2H 20) can be leached through sadie soils. Calcium 

solubilized from gypsum replaces sodium, leaving soluble 

sulfate in water, which is then leached out • 

Treatment of calcium sulfate will be implemented 

on the entire test ~lot of the slurry pond area. Appli-

cation rates will be based on the gypsum requirement 

(GR) formula: 

GR=(Na x ) 4.50 metric tons of gypsum 
per hectare-30 cm 

where Na x is the milliequivalents of exchangeable 

sodium to be replaced by calcium from added 

gypsum (Donahue et ale 1983) • 
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PLOT SAMPLING AND 
STATISTICAL TESTING 

Basically the same sampling methods will be employed 

that were used in the baseline studies. These methods 

were described in the "Vegetation and Reclamation of the 

Wellington Coal Cleaning Plant, Utah" (Collins 1983). 

For practicality, the major treatment of the plots 

i.e. irrigated vs. unirrigated, were placed by stratified 

means. However, each subplot treatment i.e. organic 

amendment vs. none, were duplicated 3 times and placed in 

the plot by random means. A 2 ft buffer space will be 

placed between all subplots. 

Vegetative cover, density, establishment, reproductive 

success, productivity, germination, and general reclamation 

success of each treatment will be compared by appropriate 

analysis of variance, student's t-test (Snedecor and 

Cochran 1980) and other appropriate statistical procedures • 

18 



• 

• 

LITERATURE CITED 

Collins, P.D. 1983. The vegetation and reclamation of 
the Wellington Coal Cleaning Plant, Utah. ~ Mining 
and reclamation plan of the Wellington Coal Cleaning 
Plant. U.S. Steel Mining Co.,Inc. East Carbon,Utah. 

Cook, C.W., R.M. Hyde and P.L. Sims. 1974. Guidelines for 
revegetation and stabilization of mine areas in the 
western United States. Colorado State University, 
Range Science Series No. 16. 

Dean, K.C. and M.B. Skirts. 1977. Vegetation for acidic 
alkaline tailing. p 248-276. In Thames, J.L. (ed). 
Reclamation and use of disturbed land in the South
west. The University of Arizona Press, Tucson, AZ. 
362 p. 

Dean, K.C., and R. Haven. 1971. Vegetative stabilization 
of mill tailings using municipal and mineral wastes. 
Environ. Qual. Conf. for the Extraction Industries. 
July 1970. Salt Lake City, Utah, Am. Inst. Metall. 
Eng. USDI Bur. Mines, Salt Lake City Metall. Res. 
Cent . 

rDonahue, R.L. 1983. Soils: an introduction to soils and 
plant growth. Prentice-Hall, Inc., Englewood Cliffs, 
New Jersey_ 667 p. 

Hodder, R.L. 1977. Dryland techniques in the semiarid 
West. p 217-223. 1£ Thames, J.L. (ed). Reclamation 
and use of disturbed land in the Southwest. University 
of Arizona Press, Tucson, Arizona. 362p. 

Hodder, R.L. 1976. Planting methods and equipment develop
ment. p 69-82. In Vories, K.C (ed). Reclamation of 
Western surface-mined lands. Workshop proceedings. 
Ecology Consultants, Inc. Ft. Collins, Colo. 152p. 

Kay, B.L. 1978. Mulch and chemical stabilizers for land 
reclamation in dry regions. In Schaller, F.W. and 
Paul Sutton (eds). Reclamation of drastically disturbed 
lands. American Society of Agronomy, CrQP Society of 
America, Soil Science Society of America, Madison, 
Wisconsin. 742p. 

National Oceanic and Atmospheric Administration. 1975-1977. 
Annual Summaries of Utah • 

19 



• 

• 

• 

Packer, P.E. and E.F. Aldon. 1981. Revegetation techniques 
for dry regions. p.425-450. In Schaller, F.W. and 
Paul Sutton (eds). Reclamation of drastically disturbed 
lands. American Society of Agronomy, Crop Society of 
America, Soil Science Society of America. Madison, 
Wisconsin. 742p. 

Snedecor, G.W. and W.G. Cochran. 1980. Statistical methods: 
seventh edition. Iowa State University Press. Ames, 
Iowa. 509p. 

Sutton, P. 1973. Establishment of vegetation on toxic coal 
mine spoils. p 153-158. In Proc. 1st Research and 
Applied Tech. Symp. on Mined Land Reclamation,7-8 
Mar. 1973, Pittsburgh. Pa. Bituminous Coal Res., Inc., 
Monroeville, Pa. 

Thames, J.L. 1977. Reclamation and use of disturbed land 
in the Southwest. University of Arizona Press, 
Tucson, Arizona. 362p. 

Vander Pluym, H.S.A., J.A. Toogood, and R.A. Milne. 1973 
Reclamation of a saline-sadie soil by high salt water
dilution method. Canadian Journal of Soil Science, 
53:473-480. 

Vories, K.C. 1976. Reclamation of Western Surface Mined 
Lands. Workshop Proceedings. Ecology Consultants 
Inc. Ft. Collins, Colo. 152p. 

20 



• 

• 

• 

TABLE 1: Plant species for the revetation test plots for the 
Atriplex-Hilaria Community of the Wellington Coal 
Cleaning Plant. 

BOTANICAL NAMES 

Grasses 

Agropyron trachycaulum 
Bouteloua gracilis 
Hilaria jamesii 
Oryzopsis hymenoides 
Sporobolus airoides 

Forbs 

Eriogonum umbellatum 
Melilotus officinalis 
Oenothera caespitosa 
Sphaeralcea coccinea 

Shrubs 

Artemisia nova 
Atriplex canescens 
Atriplex confertifolia T 
Ceratoides lanata T 
Chrysothamnus nauseosus 
Ephedra viridis T 

SUBSTITUTIONAL SPECIES 

Sphaeralcea grossulariaefolia 
Aster chilensis 
Linum lewisii 
Sporobolus cryptandrus 
Sitanion hystrix 
Artemisia frigida 

COMMON NAMES 

Slender wheatgrass 
Blue grama 
Galleta 
Indian ricegrass 
Alkali sacaton 

Sulphur buckwheat 
Yellow sweetclover 
Evening primrose 
Globemallow 

Black sagebrush 
Fourwing saltbrush 
Shadscale 
Winterfat 
Rubber rabbitbrush 
Mormom tea 

TOTAL 

Gooseberry globemallow 
Pacific aster 
Blueflax 
Sand dropseed 
Squirrel tail 
Fringed sagebrush 

LBS/ACRE 
SEEDING RATES* 

2.10 
.50 

1.00 
1.80 

.20 
5.60 

.25 

.50 

.25 

.25 
1.25 

.30 

.50 

.40 

.50 

.20 

.30 
2.20 

* Seeding rates based on drilling 54 PLS/ft2 •· 
T These species will ·be transplanted by containerized stock and seeded. 
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Table 2: Alternate plant species mixture for revegetation test 
plots for the Atriplex-Hilaria community of Wellington 
Coal Cleaning Plant. 

BOTANICAL NAMES 

Grasses 

Agropyron elongatum ** 
Elymus junceus ** 
Sitanion hystrix 
Sporobolus cryptandrus 

Forbs 

Glycyrrhiza lepidota 
Linum lewisii 
Medicago sativa ** 
Sphaeralcea grossulariaefolia 

Shrubs 

Artemisia frigida T 
Artemisia nova T 
Atriplex canescens T 
Chrysothamnus parryi 

SUBSTITUTIONAL SPECIES 

Poa secunda 
Bassia hyssopifolia ** 
Grayia brandegei 

COMMON NAMES 

Tall wheatgrass 
Russian wildrye 
Squirrel tail 
Sand dropseed 

American licorice 
Blue flax 
Alfalfa 
Gooseberry globemallow 

Fringed sagebrush 
Black sagebrush 
Fourwing saltbrush 
Parry rabbit brush 

TOTAL 

Sandburg bluegrass 
Five-hook bassia 
Spineless hopsage 

* Seeding rates ba~ed on drilling 54 PLS/ft 2• ** Introduced speCl.es. 

LBS/ACRE 
SEEDING RATE~~ 

5.50 
2.50 
2.30 

.25 
10.55 

1.50 
.40 
.50 
~ 
2.65 

.10 

.50 
- .60 
.60 

1.80 

15.00 

T These species will be transplanted by containerized stock and seeded • 
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TABLE 3: Plant species for the revegetation test plot for the 
Greasewood Community of the Wellington Coal Cleaning 
Plant. 

BOTANICAL NAMES COMMON NAMES 
LBS/ACRE 

SEEDING RATE* 

Grasses 

Agropyron dasystachyum 
Agropyron trachycaulum 
Distichlis spicata 
Elymus cinereus 
Hilaria jamesii 
Oryzopsis hymenoides 
Sporobolus airoides 

Forbs 

HeliBnthus annuus 
Linum lewisii 
Melilotus officinalis 

Shrubs 

Atriplex canescens 
Atriplex gardneri T 
Ceratoides lanata 
Chrysothamnus nauseosus 
SarcobBtus vermiculatus T 

SUBSTITUTIONAL SPECIES 

Agropyron smithii 
Puccinellia nuttalliana 
Kochia americana 
Atriplex cuneata T 

Thickspike wheatgrass 
Slender wheatgrass 
Saltgrass 
Great Basin wildrye 
Galleta 
Indian ricegrass 
Alkali sacaton 

Annual sunflower 
Blue flax 
Yellow sweetclover 

Fourwing saltbrush 
Gardner saltbrush 
Winterfat 
Rubber rabbitbrush 
Greasewood 

TOTAL 

Western wheatgrass 
American alkaligrass 
Green molly 
Castle Valley clover 

* Seeding rates based on drilling 54 PLS/ft2• 

1.50 
1.50 

.50 

.50 
1.00 
1.30 

.15 
6.45 

.66 

.50 

.66 
1.82 

.50 

.50 

.63 

.20 

.25 
2.08 

10.35 

T These species will be transplanted by containerized stock and seeded • 
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Response to: Stipulation UMC 817.111-.117-(1)-LK 

IRR~GATION OF THE REVEGETATION TEST PLOTS 
OF THE WELLINGTo.N COAL CLEANING PLANT 

As stated in the revegetation test plot design 

(Collins 1984), supplemental irrigation is one variable 

to be tested. The purpose of this addendum is to pro-

vide additional information to the State of Utah, 

Division of Oil, Gas and Mining, about irrigation tech-

niques on the U.S. Steel Mining Co. properties. 

Supplemental Irrigation Goals 

It is our intention to supply supplemental irriga-

tion water for initial plant establishment. Once the 

plant species are adequately established, the supple-

mental water will gradually be reduced to provide a 

"hardening-off" effect prior to irrigation termination. 

The irrigation will be managed to incourage plant root 

development that is adequate for survival under normal 

climatic conditions. The availability of supplemental 

water decreases the risk of drought periods due to 

unpredictable precipitation patterns in the spring and 

summer months. 

Furthermore, it is our goal to simulate the most 

feasible method of irrigation to be used at the time of 
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final reclamation (if supplemental water is shown to be 

necessary for revegetation). 

Water Source 

As mentioned in the mine permit, three water sources 

are possible for irrigation of the test plots: 1) the 

cleaning plant system (clear water pond), 2) the Price 

River and 3) culinary water. 

Water for the test plots will be taken from the Price 

River. Reasons for this choice are listed below. Primar

ily, although irrigation engineering for the test plots 

may be somewhat simpler if culinary water or the clear 

water pond were used, the Price River water should provide 

more accurate test results by reducing variability. To 

further explain this statement -- if test plots show that 

irrigation is necessa~y to establish adequate vegetative 

cover on the disturbed areas, the Price River will be 

the most feasible source for the water at the time of 

final reclamation. Therefore, if the test plots are 

supplied from the same source that the final reclamation 

project would use, test results would be more accurate 

and reduce the variability of the water source. Water 

quality is significantly different in each of the three 

sources. The primary differences between sources are 
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total dissolved solids and total suspended solids. The 

clear water pond has very low total suspended solids 

( TSS x = 9.42 mg/l ) but high values in salinity 

( EC x = 2,866.67 umhos/cm ) and sodicity ( SAR x = 33.45 ). 

The later two values rank the salinity and sodium hazards 

as "very high" or "severe" in several different water 

quality classification-.systems (Donahue et a1. 1983, Ayres 

and Westcott 1976, Richards 1954). 

The Price River water has high total suspended solids 

( TSS x = 1,689.29 mg/l ) but lower salinity ( EC x = 1,145.63 ) 

and sodicity ( SAR x = 10.69 ) on the months water would 

be retrieved. Salinity and sodicity hazards are ranked 

" hi g h" and t~ low", res p e c t i vel y by the wa t e r qua 1 i ty c 1 ass -

ifications system. The culinary water would of course 

have no problems with total dissolved solids or total 

suspended solids which could also bias plot sample results. 

As the reviewer may note, these water sources may be 

balanced somewhat by soil amendments and additional leaching, 

however, this would increase the plot design complexity. 

Type Of Irrigation System 

Selection of the proper irrigation system for this 

area was primarily a choice between sprinkle type or drip 

(trickle) type systems. Each system has certain advantages 
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and disadvantages. When the~e variables were analyzed 

it was decided that the fixed sprinkle type irrigation 

system would be best suited for reclamation of the 

Wellington Coal Cleaning Plant disturbances. Even though 

drip type systems have many advantages in the irrigation 

of arid arid semi-arid disturbances, the chief reason for 

selection of the sprinkle system was water quality. As 

pre vi 0 us 1 Y s tat e d, the P ric e . R i ve r has hi g h tot a 1 dis sol ve d 

solids and suspended solids. On an index for classifying 

waters as to their suitability for use in drip (trickle) 

irrigation (Bucks et a1. 1979), the water quality values 

indicated that "problems would occur". These problems 

would lie chiefly in clogging and maintenance of the drip 

s y s t em em it·t e r s • 

Although the maintenance problems of the drip system 

could conceivably be overcome for the test plots, our 

intent is to simulate the best possible technology in the 

procedures to be used at final reclamation. At the time 

of final reclamation it is our opinion that sprinkling 

would be superior to drip irrigation. 

It is not intended in the scope of this addendum to 

compare the advantages and disadvantages between the two 

systems nor to site all literature and experience from 
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which this choice was made, however, these variables are 

available by contacting the author. 

Application Rates 

Rates of application will depend on the precipitation 

patterns of the year. It is recommended that the soil 

is not allowed to crust or dry the first 18-20 days of 

the new growing season (Ries and Day 1978). Following 

germination, .50 to .75 inches of water will be sprinkled 

twice a week on the irrigation sections of the test plots 

for the first growing season. The second and final year 

for irrigation, management of irrigation application will 

be implemented as to encourage deep rooting and lateral 

extension of the roots into the subsoil. This will in

crease chances of survival of plant species following 

termination of irriga~ion. This will be done by 

decreasing frequency of water applications to provide 

a "hardening-off" period for the vegetation the second 

season. Exact rates will depend on the success of the 

previous year, but are expected to be cut from 30 to 

50 percent • 
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REVEGETATION TEST PLOT 
SAMPLING SCHEDULE AND PARAMETERS 

Annual sampling of each treatment of the test plots 

will be accomplished and submitted to the State of Utah, 

Division of Oil, Gas and Mining (DOGM) by December of 

each year. The sampling will be done for five years at 

which time the annual data will be compiled and each 

treatment analysed for effectiveness. At this time a 

meeting with DOGM, will be conducted and the data 

presented to discuss whether the current test plots are 

adequate and should remain for further study or if the 

data suggests additional treatments could be necessary 

for reclamation research. 

Quanti~ative sampling will be accomplished in the 

early summer of each year, however, qualitative data 

(i~e. rodent or erosion damage, growth/germination-

notes, etc.) may be taken several times during the grow-

ing season. Sampling parameters will include: total 

living cover, cover by species, relative composition, 

relative frequency, density and reproduction rates. 

Sampling methods will follow those described in the permit 

application on page 5 of "Vegetation and Reclamation of the 

Wellington Coal Cleaning Plant". Water stress on plants 
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may also be checked periodically to provide an indication 

of the proper schedule for irrigation. Furthermore, ex

changeable sodium and salinity will be monitored on the 

Slurry Pond Test Plot to monitor the migration of salts • 
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ADDITION FOR RECLAMATION TEST PLOT 
OF THE SLURRY POND BASIN AREA 

It has been previously mentioned that it is not 

feasible to presently use any portion of the slurry pond 

for a test plot because the entire area is still in use: 

Therefore, an area adjacent to the pond will be leveled 

and used. On this area 24 inches of fine slurry will be 

placed to simulate the conditions of the slurry pond area 

at the time of final reclamation. All treatments will 

be implemented on this 24 inch cover of fine slurry 

material. For the design of this plot refer to "Revege-

tation Test Plots and Reclamation Techniques of the 

Wellington Coal Cleaning Plant, Utah" • 
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SURFACE FACILITY RECLAMATION TEST PLOTS: II 

WELLINGTON PREPARATION PLANT 
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MT. NEBO SCIENTIFIC 
research and consulting 

Daron Haddock, Permit Supervisor 
State of Utah, Department of Natural Resources 
Division of Oil, Gas & Mining 
355 West North Temple 
3 Triad Center, Suite 350 
Salt Lake City, Utah 84108-1203 

Dear Mr. Haddock: 

p.o. box 337, springville, utah 84663 
phone (SOl) 489-6937 

April 17, 1991 

Some time ago I asked Lynn Kunzler" to send me a brief summary 
concerning preliminary results from the first Surface Facility 
Reclamation Test Plot at the Wellington Preparation Plant, including 
some justifications (or his opinions) for planting single species in 
the new plot. I told Lynn that I would send to him the "as-built" 
plans for the newly implemented test plot on the site. This was about 
the time he was getting ready" to leave DOGM. I never did receive the 
information that I requested, but I thought that you may want the "as
built" plot designs for your files. I have included this information. 

If you happen to have the information that I requested from Lynn 
in your files, I would sure like to have a copy of them. Thanks. 

sinci~' 
jrttuz[ ;J !&!~4 

Patrick D. Collins 

Enclosures 

cc: Jon Passic 
Candy Manzanares 
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1 4 5 
90' 0 

1 2 3 

"AS-BUILT" 
SURFACE PACILITY RECLAMATION TEST'PLOTS: II 

WELLINGTON PREPARAT~ON PLANT 

MT. NEBO SCIENTIFIC 
December 1990 

(West) 
90' 

A 

8 2 4 9 7 1 3 1 1 1 2 1 1 1 1 1 1 
0 2 8 7 0 6 9 3 5 4 1 

C 

B 

1 3 6 2 7 8 9 2 1 1 1 1 1 1 1 1 1 
0 5 2 1 3 6 4 9 7 8 

0 

C 

4 5 6 7 8 9 1 1 1 1 1 1 1 1 1 1 2 
0 1 2 3 4 5 6 7 8 9 0 

A 

r 

D 

B 

C 

A 

D 

B 

SINGLE SPECIES* ------------~-
(East) 

MIXTURES * *----1 

* For species planted, refer to corresponding numbers on page 2. 
** For species in mixtures A - 0, refer to pages 3 - 6. 

ADDITIONAL NOTES: 

o 
o 
o 
o 
o 
o 

All seeding was calculated @ 60 PLS/ft2 • 
Seed was broadcasted and raked. 
Entire plot was hydromulched. 
Plot fertilized @ 80 lb/ac nitrogen; 160 lb/ac phosphorus. 
Plot was fenced 8' high and buried to depth of 8". 
Plot was gouged 18" wide X 25" long X 5" deep. 

I 
30' 
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SCIENTIFIC NAME 

SURFACE FACILITY RECLAMATIOB TEST PLOTS 
WELLINGTON PREPARATION PLANT 

SINGLE SPECIES PLANTED 

COMMON NAME 
-----------------------------------------------------------
Grasses 

1 = Elymus hispidus 
2 = Elymus smithii 
3 = Elymus trachycaulus 
4 = Boutelous gracilis 
5 = Elymus cinereus 
6 = Hilaria jamesii 
7 = stipa hymenoides 
8. = Sitanion hystrix 
9 = Sporobolus airoides 
10 = Sporobolus cryptandrus 

Forbs 

• 11 = Achillea millefolium 
12 = Aster chilensis 
13 = Asclepias speciosa 
14 = Helianthus annuus 
15 = Medicago sativa 
16 = Melilotus officinalis 
17 = Penstemon eatonii 
18 = Penstemon palmeri 
19 = Linum lewsii 
20 = Sphaeralcea grossulariaefolia 

Intermediate Wheatgrass 
Western Wheatgrass 
Slender Wheatgrass 
Blue Grama 
Gt. Basin Wildrye 
Galleta 
Indian Riceqrass 
squirrelltail 
Alkali Sacaton 
Sand Dropseed 

Yarrow 
Pacific Aster 
Milkweed 
Sunflower 
Alfalfa 
Yellow Sweetclover 
Eaton's Penstemon 
Palmer Penstemon 
Lewis Flax 
Globemallow 
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• SURFACE PACILITY RECLAMATION TEST PLOTS 
WELLINGTON PREPARATION PLANT 

Species Mix A 

SCIENTIFIC NAME 

GRASSES 
Elymus smithii 
Elymus trachycaulus 
Elymus cinereus 
Stipa hymenoides 
Sporobolus airoides 

MIXTURES PLANTED 

.COMMON NAME 

Western Wheatgrass 
Slender Wheatgrass 
Gt. Basin Wildrye 
Indian Ricegrass 
Alkali Sacaton 

.FORBS 
Achillea millefolium 
Aster chilensis 
Helianthus annua 
Medicago sativa 
Penstemon palmeri 

• 

SHRUBS 
Artemisia tridentata wyo. 
Atriplex gardneri 
Atriplex canescens 
Ceratoides lanata 
Chrysothamnus nauseosus 

Yarrow 
Pacific Aster 
Sunflower 

. Alfalfa 
Palmer's Penstemon 

Wyoming Big Sagebrush 
Gardner's Saltbush 
Four-winged Saltbush 
Winterfat 
Rubber Rabbitbrush 
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• 
Species Mix B 

SCIENTIFIC NAME 

SURFACE PACILITY RECLAMATION TEST PLOTS 
WELLINGTON PREPARATION PLANT 

MIXTURES PLANTED 

COMMON NAME 
-------------------~----------~------~------------------~~~ 

GRASSES 
Elymus hispidus 
Bouteloua gracilis 
Sitanion hystrix 
Sporobolus airoides 

FORBS 
Asclepia speciosus 
Linum lewsii 
Melilotus officinalis 
Penstemon eatonii 

Intermediate Wheatgrass 
Blue Grama 
Squirrel tail 
Alkali Sacaton 

Milkweed 
Lewis Flax 

eSPhaeralcea grossulariaefolia 

SHRUBS 

Yellow Sweetclover 
Eaton's Penstemon 
Globemallow 

Artemsia nova 
Atriplex confertifolia 
Chrysothamnus nauseosus 
Kochia prostrata 

• 

Black Sagebrush 
Shadscale 
Rubber Rabbitbrush 
Summer cypress 
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• SURFACB FACILITY RBCLAMATION TBST PLOTS 
WELLINGTON PREPARATION PLANT 

MIXTURES PLANTED 

Species Mix C 

SCIENTIFIC NAME COMMON NAME 

-----------------------------------------------------------
GRASSES 
Elymus smithii 
Hilaria jamesii 
Stipa hymenoides 
sporobolus crytandrus 

FORBS 
Achillea millefolium 

e Aster chilensis 
Helianthus annua 
Melilotus officinalis 

SHRUBS 
Atriplex canescens 
Atriplex confertifolia 
Ceratoides lanata 
Kochia prostrata 
Sarcobatus vermiculatus 

• 

western Wheatgrass 
Galleta 
Indian Ricegrass 
Sand Dropseed 

Yarrow 
Pacific Aster 
Sunflower 
Yellow Sweetclover 

Four-winged Saltbush 
Shadscale 
winterfat 
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Summer Cypress 
Greasewood 



• SURFACE FACILITY RECLAMATION TEST PLOTS 
WELLINGTON PREPARATION PLANT 

Species Mix D 

SCIENTIFIC NAME 

GRASSES 

Elymus hispidus 
Bouteloua gracilis 
Oryzopsis hymenoides 
Sitanion hystrix 

FORBS 
Asclepia speciosus 

e Linum lewsii 
Medicago sativa 
Penstemon eatonii 
Penstemon palmeri 

MIXTURES PLANTED 

COMMON NAME 

Intermediate Wheatgrass 
Blue Grama 
Indian Ricegrass 
Squirreltail 

Milkweed 
Lewis Flax 
Alfalfa 

Sphaeralcea grossulariaefolia 

Eaton's Penstemon 
Palmer's Penstemon 
Globemallow 

SHRUBS 
Artemisia tridentata wyo. 
Artemsia nova 
Atriplex confertifolia 
Atriplex canescens 

• 6 

Wyoming Big Sagebrush 
Black Sagebrush 
Shadscale 
Four-wing Saltbush 
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Additional Notes 
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