
















 

monitoring plan employed to monitor the extent and magnitude of any mining impacts is 

discussed in detail in Chapter 19. The mining operation is being conducted to minimize 

disturbances to the ground water portion of the hydrologic balance within the permit area 

and prevent material damage to the ground water portion of the hydrologic balance outside 

the permit area (see Chapter 18, Probable Hydrologic Consequences).  The shallow Wepo and 

alluvial aquifer water quantity and quality is marginally suitable to unsuitable for use 

as livestock water.  The Navajo aquifer water is suitable for both domestic and livestock 

purposes and is being provided.  An evaluation of the effects of Peabody’s pumping of the 

N-aquifer indicate hundreds of feet of available water remain above the production zones 

in local and regional Navajo wells.  The local wells and springs removed by mining have 

been replaced by the water impounded in dams and permanent impoundments, and the two 

public water stands (drinking quality water from the N-aquifer).  Seasonal variations in 

water levels and chemical concentrations have been adequately defined.  The ground-water 

monitoring program as installed will identify the extent and magnitude of any measurable 

mining impacts. 

 

Reporting of ground-water data from 1980 through 1984 was done on an annual basis (see 

annual Hydrological Data Reports).  Data reporting in 1985 was done on a quarterly basis.  

Peabody shall report future ground water data according to the reporting frequencies 

specified in Chapter 16, Hydrological Monitoring Program. 

 

The ground-water monitors will be maintained for the life of the mining operation or until 

such time as OSM may agree that they are no longer necessary.  All off-lease ground water 

monitoring sites shall be reclaimed in accordance with the Reclamation Plan.  The 

reclamation liability for the ground water monitoring sites (including the off-lease 

sites) is included in Chapter 24, Bonding.  

   

Surface-Water Protection 

 

Surface-Water Quality.  The impact of runoff from disturbed and reclaimed areas on stream 

water chemistry and sediment loads was found to be of minimal signficance (see Chapter 18, 

Probable Hydrologic Consequences).  Based on water quality analyses from permanent 

internal impoundments (PII's) in non-topsoiled pre-law areas, runoff water quality is not 

signficantly different from streamflow water chemistry.  The potential for acid and toxic 

runoff from reclaimed areas is negligible because:  (1) the spoil material has a high 

neutralization potential; (2) a post-reclamation sampling program (see Chapter 22) is 

designed to locate any acid or toxic zones at the surface of the regraded spoil material;  
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(3) the plant growth medium reconstruction plan (Chapter 22) provides for burial of any 

toxic materials identified in the graded spoil sampling program; (4) sediment yields 

predicted from reclaimed areas using SEDIMOT II (see Chapter 18) and EASI (see Chapter 19) 

are minimal compared to typical stream loads and in-channel erosion; (5) all disturbed 

areas drain to a series of sediment ponds and dams which are designed to contain at least 

the 10-year, 24-hour runoff plus an additional volume of sediment; and (6) channel 

diversions are designed for areas where channel flow could contact spoil material.  The 

design criteria and construction of diversions, sediment ponds, PII's, energy dissipators 

and dams as they relate to the protection of the hydrologic balance are discussed in 

detail in Chapter 6, Facilities. 

 

Discharges from sediment ponds and dams bordering disturbed areas will be in compliance 

with applicable Federal and State water quality laws and regulations.  All discharges, 

monitoring of discharges and reporting of effluent concentrations will be in compliance 

with the requirements of NPDES Permit No. NN-0022179 (Chapter 16, Attachment 3). 

 

Surface-Water Quantity.  The impact of dams, diversions, sediment ponds, PII's and 

reclaimed areas on streamflows and downstream users was found to be minimal in Chapter 18, 

Probable Hydrologic Consequences.  

 

Flow and sediment yield changes following release of bond for select reclaimed areas in 

the Coal Mine Wash watershed were simulated using SEDIMOT II and presented in Chapter 15, 

Hydrologic Description (pages 132-156).  Changes in the flow characteristics when these 

two mining areas were included in the runoff analysis were not determined to be 

significant.  Though no MSHA sized or other PI’s (permanent impoundments) are contained in 

the N1 and N2 mining areas, there are several PII’s (permanent internal impoundments) and 

as such, it is believed this analysis is indicative of the magnitude of the flow changes 

when all temporary impoundments in other mining areas are removed prior to release from 

bond. 

 

Stream buffer zones in a proximity to surface mining areas that are not approved for any 

disturbance will be marked (refer to Drawing Nos. 85360, 85210 and 85640).  Where mining 

must necessarily be close to existing channels, approved diversions are designed and 

constructed to convey flows with a minimal effect on suspended solids concentrations, 

channel gradients, and natural flow velocities.  Disturbances will not occur in stream  

buffer zones unless specifically approved by OSM before the disturbances occur, except 
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those associated with routine groundwater and stream monitoring site maintenance as 

required by 30 CFR 816.41c.(4) and e.(4). 

 

Surface-Water Monitoring 

 

Since 1980, Peabody has installed a network of 14 stream monitoring stations at the up and 

downstream portions of all washes and 22 reclaimed area surface-water monitors which 

contain a variety of automated samplers and recorders as well as instantaneous samplers 

and recorders.  Current monitoring instrumentation, parameters monitored and monitoring 

frequencies are described in detail in Chapter 16.  This surface-water monitoring plan is 

discussed in detail in Chapter 19.  The mining operation is being conducted to minimize 

disturbances to the surface water portion of the hydrologic balance within the permit area 

and prevent material damage to the surface water portion of the hydrologic balance outside 

the permit area (see Chapter 18, Probable Hydrologic Consequences).  Combined impounded 

drainage areas of the total Moenkopi and Dinnebito watershed areas as of June 2008 amount 

to less than three percent.  The nature of the flows, the terrace heights and the stream-

water quality are such that streamflows are not suitable to support the existing and 

postmining land use.  The quality of water in permanent internal impoundments and 

temporary sediment ponds and dams indicate such structures are supportive of the 

postmining land use. Finally, seasonal variations in surface-water parameters have been 

adequately defined (Chapter 15, pages 76-79 and Table 29).  Fluctuations in flows, 

sediment yields, and channel geometries can best be described over a period of years.   

The surface-water monitoring program as installed will identify the extent and magnitude 

of any measurable mining impacts. 

 

Reporting of surface-water data from 1980 through 1984 was done on an annual basis (see 

annual Hydrological Data Reports).  Starting in 1985, surface water hydrologic monitoring 

data was reported on a quarterly basis. Peabody shall report future surface water data 

according to the reporting frequencies specified in Chapter 16, Hydrological Monitoring 

Program.  The monitoring frequency at any surface water site dictates what data shall be 

included in each quarterly report.  Clearly 30 CFR 816.41e(3), subparts i and ii 

demonstrates the regulatory authority did not envision quarterly monitoring for all 

parameters and all surface water monitoring sites ad infinitum.  As such, changes to the 

surface water monitoring frequencies and parameters will be a continually evolving process 

through bond release. 

 

The surface-water monitors will be maintained until bond release or until such time as OSM 

may agree they are no longer necessary as allowed for in 30 CFR 816.41e(3) and subparts  
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(3)i and (3)ii.  All surface water monitoring sites shall be reclaimed in accordance with 

the Reclamation Plan.  The reclamation liability for the surface water monitoring sites 

(including the off-lease sites) is included in Chapter 24, Bonding. 

 

Water Rights and Alternative Water Supplies 

 

The State of Arizona is proceeding with the adjudication of water rights in the Little 

Colorado River Basin, which includes Black Mesa.  This adjudication is still in the 

process of being finalized.  Once the adjudication is final, it is believed Peabody’s 

water use will be a prescribed use based on the allotments to each Tribe.  Peabody's use 

of water on Black Mesa for the mining operations is authorized in the three mining lease 

agreements (Lease Nos. 14-20-0603-8580, 14-20-0603-9910 and 14-20-0450-5743) with the 

Tribes.  The mining lease agreements clearly state that Peabody may use that amount of 

water necessary for its mining operations, including the transportation by slurry pipeline 

of coal mined from the lease areas. 

 

Since surface- and ground-water appropriations on the reservation were not filed with the 

State of Arizona prior to the present adjudication process, water use data collected by 

the USGS between 1950 and 1961 was emphasized along with any supplemental data supplied by 

the Tribes to document water use within and in the region around the Peabody leasehold.  

Figure 2 shows all wells and springs completed in the Wepo, Toreva and D-aquifer system 

within and around the Peabody leasehold that have USGS, BIA, Tribal and Peabody field 

identification numbers. 

 

Pre-existing Wells and Springs 

 

Table 2 lists available information regarding coordinates, well completions, aquifers 

penetrated by wells, aquifer characteristics and yield and water quality for the 40 wells 

shown on Figure 2.  The outline of the leasehold has been included on Figure 2 to show the 

relationship of these pre-existing shallow private wells and springs to the mining 

operation. 

          

Twenty local wells have been identified, or are professed to exist within the Peabody 

leasehold or within an approximate 2 mile distance of the Peabody leasehold (Figure 2 and 

Drawing 85322).  Those which have been located in the field, have established BIA or 

Tribal ID numbers or are known to have been removed by mining are shown on Figure 2 (17 

wells, 16 of which agree with Drawing 85322).  Drawing 85322 includes 4 wells which are 

not shown on Figure 2 because they could never be found in the field.  They have either 
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The remaining 12 surface water structures on Drawing 85322 (DM-1, DM-7, DM-9, DM-12, DM-

13, DM-14, 4M-113, 3755-2, 3855-1, two unnamed ponds near windmill 8T-504 and an unnamed 

pond near Great Spring) presently exist and are reasonably functional or have been 

documented to have existed.  All structures, excepting DM-1, DM-7 and DM-9, exist in areas 

where there will be no direct mining impacts to the physical structures themselves.  In a 

few cases, very minor portions of the watersheds draining to these structures will be 

disturbed by mining.  Additionally, no measurable mining impacts to the shallow ground 

water system are projected in Chapter 18 Probable Hydrologic Consequences in the vicinity 

of the 3 structures (unnamed ponds near Great Spring and windmill 8T-504 and structure DM-

12) which may receive some ground water feed.  Thus, no special protection or mitigation 

will be required other than for DM-1, DM-7 and DM-9.  DM-1 will be removed by the Reed 

Valley Wash channel realignment, DM-9 will have a significant portion of its watershed 

truncated by mining, and DM-7 has been removed during the construction of temporary 

impoundment KP pond. 

 

No special protection of the three structures that will, or have been impacted, by mining 

and associated activities is feasible.  The loss of past and existing water supplies 

provided by these structures due to mining will be mitigated during the mining interval by 

existing sediment ponds.  Several sediment ponds, possessing superior embankments and 

potential for impounding water, exist near the pre-existing structures.  Mitigation for 

the loss of DM-1, DM-7, and DM-9 after mining will be accomplished by retaining permanent 

impoundments located in close proximity to the original structures in the postmining 

landscape.  Postmining mitigation for these three structures is fully discussed in Chapter 

18 (Removal of Pre-existing Surface Water Structures). 

 

Peabody N-aquifer pumpage has been shown in Chapter 18 (Impact of Peabody Wellfield 

Pumpage on Regional Water Levels and Stream and Spring Flows) to have a minimal impact on 

the total available N-aquifer well water heights at the various Tribal communities within 

the portion of the N-aquifer influenced by the PWCC wellfield pumpage.  Simulated drawdown 

in the N-aquifer from Peabody and community pumping has been performed using a 3-D 

numerical flow model (Chapter 18, PHC).  Comparisons of these simulations indicate 

hundreds of feet of available water columns will remain above the top of the N-aquifer or 

production zones in local and regional community wells.  Recent published reviews of 

annual USGS monitoring reports (e.g. Macy and Brown, 2011) and Peabody’s annual Hydrologic 

Data Reports indicate material damage to the N Aquifer hydrologic balance outside of 

PWCC’s permit area has not occurred (e.g., OSM, 2010).  Thus the quantity and 
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quality of the N-aquifer water being used by local and regional water users is being 

protected. 

 

Peabody is providing drinking quality water at two locations on the leasehold (see Chapter 

19, Water Rights and Alternative Water Supplies).  This water is supplied from the N-

aquifer and is available on a 24-hour basis. 

 

Following surface coal mining and reclamation activities, Peabody will seal and properly 

abandon all monitoring wells in the alluvial and Wepo aquifers and remove the surface 

installations and instrumentation.  Sealing and abandonment procedures are described in 

Chapter 16.  The final disposition of the Navajo Formation wells will be determined after 

consultation with the Tribes; however, they will be considered temporary structures unless 

approved by the regulatory authority as an element of the postmining land use plan.  All 

wells will be properly cased, sealed and protected to prevent water quality contamination 

and to ensure the safety of people, livestock, fish and wildlife and machinery. 

 

Alluvial Valley Floors 

 

Introduction.  The mining leases are drained by four main washes, all of which, including 

some of the larger tributaries to these washes, have alluvial material in and adjacent to 

the stream channels.  Based on OSM's definition for intermittent channels, all tributaries 

and washes above the confluence of Coal Mine Wash with Moenkopi Wash whose watershed areas 

are greater than one square mile are intermittent.  Below the confluence of Coal Mine and 

Moenkopi Wash for an approximate 2 mile distance, the channel of Moenkopi Wash intersects 

the water table and exhibits baseflow for extended periods of each year.  This reach of 

Moenkopi Wash meets the hydrologic definition of intermittent as well as OSM's definition 

for intermittent which is based solely on watershed area regardless of the location of the 

water table relative to the channel bottom.  

         

The precipitation events on the Black Mesa are cellular in nature and tend to be quite 

intense when they do occur.  Downstream portions of the washes may flow while upstream 

reaches are dry.  The same holds true for the major tributaries.   

 

Related Studies.  During 1980, Peabody Coal Company conducted studies to determine the 

presence of alluvial valley floors and define their characteristics and limits.  The 

studies focused on:  (1) the geomorphic mapping of the alluvium; (2) the surface- and 

ground-water quantity, quality and availability; and (3) vegetation and soils studies in 

the alluvial areas.  A consultant and geologist with the Museum of Northern Arizona 
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TABLE 7 

 

Five Month Water Yields for the Principal Washes 

on the Leasehold 

 

  Average 5-Month 

 Drainage Area Yield Range 

Watershed (Square Miles) (Acre Feet) 

Yellow Water Canyon Wash     41.7    567-1134 

Coal Mine Wash     43.1    586-1172 

Moenkopi Wash    121.0   1646-3291 

Dinnebito Wash     34.8    473-947 

 

Rough estimates of the total acreage on terraces and flood plains within the Peabody  

leasehold were made using the 1"=1000' scale alluvial deposits maps.  The area estimates  

are shown in Table 8 below. 

   

TABLE 8 

 

Terrace and Floodplain Acreages on the Leasehold 

 

  Total Flood 

Watershed Terrace Acreage Plain Acreage 

Yellow Water Canyon Wash      1240     1860 

Coal Mine Wash       763     1745 

Moenkopi Wash      1615     8160 

Dinnebito Wash      1263     1894 

 

A comparison of Table 7 and Table 8 indicates that there is insufficient runoff to meet 

the OSM minimum requirement of 2 acre-feet of water for each acre of land to be irrigated 

sometime during the period May 1 to September 15 for more than one-third of all years 

(refer to OSM Alluvial Valley Floor Guidelines, June, 1980). 

 

Conclusion.  Peabody has investigated the possibility of past or present flood irrigation 

within and adjacent to the Black Mesa leasehold.  Results of these investigations yielded 

no evidence that flood irrigation is or has been practiced on the leasehold or in the 

immediate vicinity.  Farm plots have been found, but rely solely on precipitation  
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infiltration for crop growth.  The nature of precipitation patterns, surface-water 

occurrence and quality, ground-water quality and availablity, and deeply incised active 

channels precludes the use of either flood irrigation or subirrigation for cultivation.  

Vegetation studies have documented the existence of phreatophytes on the leasehold; 

however, true phreatophytes (salt cedar) are located only at the active channel waterlines 

and not on the terraces.  This confirms that crops grown on the terraces are totally 

reliant on rainfall, not subirrigation.  Finally, agricultural practices in alluvial areas 

on and adjacent to the leasehold are very limited and of little significance.  Thus, it is 

concluded that alluvial valley floors, in the true sense of the definition (geomorphic and 

water availability criteria), do not exist on or immediately adjacent to the leasehold. 
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PHREATOPHYTE AND SUBIRRIGATION 

SURVEY OF THE 

BLACK MESA LEASE AREA 

PURPOSE AND METHODS 

In June 1985, a field reconnaissance survey was conducted along the major drainages and 

associated terraces of the Black Mesa lease area. The objectives of the study were: 1) to 

locate and observe existing farming practices within the lease area and to determine whether 

farming is irrigated or dry land; 2) to characterize irrigation practices, if any; 3) to look for 

evidence of any current or past cultivation under flood irrigation; 4) to characterize the 

natural vegetation communities in or near major drainages, including alluvial terraces above 

major drainages, especially emphasizing occurrences and distributions of potentially 

phreatophytic plant species. 

Major drainages were initially reconnoitered during which geomorphic features, farming 

practices, and presence of phreatophytes were noted. On the basis of these initial 

observations, locations were selected for more intensive investigation. At these locations, 

floodplains and alluvial terraces were traversed on foot, and observations pertaining to the 

objectives of the study were noted. 

RESULTS AND DISCUSSION 

Most of the valley bottoms observed in this survey are deeply dissected by their stream 

channels, with the first terrace five to more than 20 feet above the active channel. The 

active channel area consists of the ephemeral stream course and the current floodplain. 

Stability of the terrace banks is quite variable with some nearly perpendicular and others 

showing signs of slumping. 

Several small cultivated dry land plots are scattered throughout the lease area, all of which 

are located on alluvial terraces adjacent to active drainage channels and floodplains. These 

plots are all family operated and non-commercial. The predominant crop is com. ~o 

evidence of subirrigation on the terraces was found. No evidence of past or present tlood 

inigated cultivation has been discovered within the Black Mesa lease area. 

Two natural vegetation types were identified in the valley bottoms. One is a riparian type. 

dominated by an overs tory of salt cedar ( Tamarix pt'lltandra). and is generally confined to 



the current floodplain. The other is a mixed shrub type characteristic of terraces above the 

drainage channel floodplains. Riparian vegetation occurs along the middle and lower 

Moenkopi and the lower Coal Mine Washes. A few small reaches of riparian vegetation 

were found in the middle and lower parts of Red Peak Valley and Yucca Flat Wash. 

Populations of riparian vegetation were also found in discontinuous areas in the middle and 

lower portion of Reed Valley. These areas are ten to 20 feet wide and range from only a 

few yards up to a half mile or more in length. Primarily found on recent alluvial deposits, 

these areas are generally oblong and encompass from one to five acres. A map showing 

locations of riparian vegetation within the Black Mesa lease area accompanies this report. 

Species composition of these two vegetation types is shown in Tables 1 and 2. The salt 

cedar type is dominated by salt cedar and greasewood (Sarcobatus vermicalatus), 

accounting for37 percent and 13 percent of the total vegetation cover, respectively. Forbs 

comprise 29 percent of the total vegetation cover and grasses 12 percent. In the mixed 

shrub type, shrubs comprise 51 percent of the total vegetation cover. The dominant species 

are big sagebrush (Artemisia tridentata) and· four-wing saltbush (Atriplex canescens). 

Accounting for 38 percent of the total vegetation cover, grasses are relatively more 

abundant in the mixed shrub type in comparison to the salt cedar type. 

The Office of Surface Mining has published a guideline on alluvial valley floors which lists 

plant species from the coal regions of the western United States which may occur as 

phreatophytes (OSM 1983). Three species from this list are found in the riparian and mixed 

shrub vegetation types described above. These are four-wing saltbush, greasewood and 

salt cedar. Four-wing saltbush and greasewood occur in both vegetation types; salt cedar 

occurs only in the salt cedar type. Greasewood and four-wing saltbrush can tolerate both 

arid and moist sites. Salt cedar is the only one of these three species which may be 

considered reliably indicative of the existence of a near-surface phreatic zone. In addition, 

the species composition of the salt cedar vegetation type further suggests that this type is a 

true riparian community, while the mixed shrub type is not. Grass species in the salt cedar 

vegetation type, such as salt muhly (Muhle.nbergia squarrosa) and weeping alkali grass 

(Puccine/lia distans), are indicative of high salinity and poor drainage. The mixed shrub 

type, on the other hand, has grass species such as sand dropseed (Sporobolus cryprarulrus ) 

and galleta (Hilaria janzesii) which require well drained soils. On the Black .lvlesa lease 

area, riparian vegetation is limited to sites along the bottoms of washes and on narrow 

sandbars. Typically, riparian expressions are found at the water line or where the water 
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table is relatively high. The salt cedar vegetation type is not found on terraces above active 

drainage channels. It is concluded from these observations that the occurrence of the shrub 

species greasewood and four-wing saltbush ·on the alluvial terraces above the active 

drainages and floodplains within the Black Mesa lease area is not indicative of phreatic 

conditions or subirrigation. Finally, there is no known past or present irrigated agricultural 

production anywhere within the lease area. 
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Table 1. Species composition of the salt cedar vegetation type. 

Scientific Common Percent 
name name composition 

Grasses 
Agropyron smithii Western wheatgrass 1 
Bromus tectorum Cheat grass 3 
Distich/is spicata 

ssp. divaricata Desert saltgrass 2 
Muhlenbergia squarrosa Salt muhly 1 
Puccinellia distans Weeping alkali grass 1 
Sitanion hystrix Bottlebrush squirreltail 4 

Forbs 
Ambrosia acanthicarpa Annual burwecd 2 
Chaenactis stevioides False yarrow 1 
Cirsium vulgare Thistle 2 
Cryptantha crassisepala Hairy cryptantha T 
Erigeron divergen.s Spreading fleabane T 
Heterotheca villosa Golden aster 3 
Hymenopappus fllifolius Fineleafed hymenopappus T 
Lappula redowskii Stickseed 3 
Leucelene ericoides Small aster 1 
Marrubium vulgare Common hoarhound 1 
Mentzelia pumila Evening star 1 
Oenothera sp. Evening primrose 1 
Psilostrophe tagetina Papcrflowcr 2 
Sphaeralcea coccinea Scarlet globemallow 3 
Senecio spartioides Buttcrweed 3 
Suaeda torreyana Torrey seepweed 3 
Other forb spp. 3 

Shrubs 
Atriplex canescens Four-wing. saltbush 2 
Chrysothamnus nauseosus Rubber rabbitbrush 6 
Lycium pallidum Wolfberry 1 
Sarcobatus vermiculatus Greasewood 13 
T amarix pentandra Salt cedar 37 



Table 2. Species composition of the mixed shrub vegetation type. 

Scientific Common Percent 
name name composition 

Grasses 
Agropyron smithii Western . wheatgrass 6 
Aristida fend/eriana Fendler threeawn 4 
Boute/oua gracilis Blue grama 6 
Bromus tectorum Cheatgrass 7 
Distich/is spicata 

ssp. divaricata Desert saltgrass 1 
II ilaria jamesii Gall eta 4 
Oryzopsis hymenoides Indian ricegrass 1 
Sitanion hystrix Boltlebrush squirreltail 3 
Sporobolus airoides Alkali sacaton 2 
Sporobolus cryptandrus Sand dropseed 3 
Stipa neomexicana New Mexico feathergrass 1 

Forbs 
Astragalus ceramicus Painted milkvetch 2 
Descurainia pinnata Tansy mustard 2 
La.ppula redowskii Stickseed 2 
Oxytropsis lambertii Lambert loco 1 
Sphaeralcea coccinea Scarlet globemallow 2 
Sisymbrium altissimum Tumbling hedge mustard 2 

-' 

Shrubs 
Artemisia nova Black sagebrush 3 
Artemisia tridentata Big sagebrush 11 
Atriplex canescens Four-wing saltbush 10 
Alriplex confertifo/ia Shadscale saltbush 2 
Chrysothamnus nauseosus Rubber rabbitbrush 4 
Chrysothamnus vicidflorus Douglas rabbitbrush 8 
Gutierrezia sarothrae Broom snakeweed 4 
Senecio douglasii Douglas groundsel 2 
Sarcobatus vermiculatus Greasewood 7 
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