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Betweenthe 1928 and 1971a scattering o$mall family-ownedminesoperatedn Yankee
Canyon about eight miles northeast of Ratdiew Mexicq providing coal primarily for the

local marketSomeof thegob (coalmine wastgmaterial removed from the underground mines
was dumpedlirectly into ephemeral and intermittestreans near themine openingsin 2004

the New Mexico Abandoned Mine Land Program began a project to resgaengob pilesand
several smallescatterof goh safeguardwo aditsadjacent to a residencand restora

degraded stream chanmelYankee CanyarThe twopartially collapsedod aditswere

backfilled and thie locations marked with permanent survey maskéne gob sitescovering a
total of threeacrespresented several unique reclamation desigilengs to the New Mexico
Abandoned Mine Land (AML) Program.

The project sitegseemap on page #ange inelevations from 270to 7,760 feetabove sea

level. The semiarid continentalimate at Yankee is characterized by short, warm summers and
long, cold winters. Precipitation averages about 20 inches annually, with most rainfall occurring
in July and August, although weather records indicate that intense storms can also occur in late
spring and early autum®lants grow slowly in this environmeigfiven the high altitudesemt

arid environmentandshort growing season.

Reclamatiorand Stream Protectiat theSonchar Mine

At the Sonchar Minsite,thenarrow valley setting anpresence of many culturegsource
avoidance areas, including the ruins of a scale house, loadosgwrdkmallresidences
significantlylimited the area that could leksturbedandrestrictedconstruction equipment to
narrow work zonesT o flatten he excessively steep gob slopég ¢gob materidhad to be
gradedn a twostep procesdirst by pushinghe gobuphill away from thentermittentstreamat
thebase of the gohnd secondlypy movingit aroundthe avoidance areasd shaping iinto
landformswith maximum 2:1 slopeshat blen@dinto the surroundingerrain (seg@hotographs
on pages 8 and following

The gob material at tHfeonclar Mine is moderately sodi¢sodium adsorption ratios, or SARS,
rangedbetween 20 and 3nd averagedb), slightly acidic (pH ranged from 4.2 to 7.8 and
averaged 6.0pndslightly saline(electrical conductivity ranges from 1.19 to 7% averaged



5.43 mmhos/ch The gob isighin clay content, ranging fror@4% to 36% and averagin@1%
clay.

A few inches ohative subsoil trucked in from a gixcavatedor gob disposal at a nearby site

were placed onto thgradedgoband incorporated along with lime, gypsum, wood waste, and
compost.The AML Program experimentemith mixing soil into thegob 4 this site based on a
unpublished greenhouse study by Los Alamos National Laboratory that had shown that gob
material from Madrid, N.M. mixed with native soils supported plant growth better than did either
the native soils or gob material alongithin the project area, howevehe only visual
differencenoted betweethis soil-amended site anathers where no soil was addsdsmore
growthat thesoil-amendedite of yellow sweet clove(Melilotus officinalig, a speciesot

included in the seed mix

Arockrundown b ased-boerd fcrhaanmgnhel 6 des i OyH. lgpnerizashéd | | ne s
the Department of Technology at the University of Municthe 1950¢and used primarilyor

water channeling o@erman autobahip$Schiechtl, 1980, pp. 167)was constructetb carry

storm flows across the reclamation sitee channeis designed to be elastic aoansists of rock
properly sized for the design flow (in this case the-{€ér, 24hour storm)placed by hand onto

a permeable bed of coarse sand and fine graitielthe joints in the rock filled with crushed

gravel The rundown wainitially reinforcedfor flow shear resistanceith several rows of

juniper posts driveacrossherock channel Longer ternchannekeinforcement and protection

from wastoutis providedby theroots of small treeplantedalong both sides of the rundown.

To protect the reshaped gob pile frbeing undercuby theintermittent streanthatruns along
the baseof thegob pile coir (coconut husk fibenolls and coir blocksvere installechlong the
streamedge alongwith live willow (SaliX) cuttings for bankstabilization

On the regradedamended gob pil20-inch wideterraces were hand dog eightfoot vertical
intervalson contourand straw bales placemdto-end along the terra@nd staked in placé
variety of native seedlingserecloselyplantedalong thebackfilledtop edges of the straw bales
As a droughtand firetolerantpioneer species, New Mexico locuBiopinia neomexicana
accounted foabout 35 percerdf the seedling mixOther species planted include skunkbush
sumac Rhus trilobatg, fourwing saltbuslfAtriplex canescensand Wood$rose(Rosa

woodsi). A diverse native seednix with grassesshrubsand forbswvas applied byydroseeding
with abondedfiber matrix.Species used include western wheatgr@as¢opyrum smithij
sideoats gramaputeloua curtipenduba blue gramaHBouteloua gracili¥, scarlet globemallow
(Sphaeralcea coccingdringed sagebrushAftemisia frigidg, andprairie saggArtemisia
ludoviciang. Thesereclamatiormethods were typicdbr most ofthe other waste piles the
project including those ahe FranksNos. 1 and Mines, wheregob characteristicaresimilar,
the same coal seahaving beemined



Reclamation and Stream RestoratitrtheFranks Nos. 1 and 2 Mines

Since space was limited the Franks No2 Mine and local soil cover materials scarteo of
threegobpiles at the site wereeclaimed in placéy incorporation omendmentggypsum,
lime, wood waste, and compostjo thegob materials. StraWwaleandcoir roll terracesvith
plantings of native seedlinggere constructednthe gobsteep slopedyranch packingnstalled
in one deep gullyandthegob pileshydroseededith native speciesl hethird gob pile was
buried ina pit excavatedhearby andhe gob materiatovered with salvaged topsoil, seedlings
planted andthe surfaceseeding.

At the FranksNo. 1Mine, a residenceseptic system and water wakkarthe toe of the primary
gob pilehad to be avoidedimiting the extent ofeshaping of the pileThe gob was graded to

flatter slopes and amended, plantaod seded similarly ® the gob piles discussatiove, while
another smaller gob pileearbywas reclaimed in place.

Gob, trash and old mining equipment including vehicles had been duralmed) andnto an
ephemeral streamadjacent to the Franks Nos. 1 andlides. Themost severely impacted
section of the stream adjacent to the Franks Miveessdeeply incisedith advancingheadcus
and areas with piping erosioBummerthunderstorms and spring runoff were undercuttiegy
gully walls, collapsingtheminto the creekand threateningp underminea portion ofthe

| andownvevay s

The AML Program designed relocation @fportion ofthedriveway, removal oftrash and
mining debrisand reconfiguration of,200 feebf thestreaminto ageomorphicmeandering
patternwith maximumz2:1 side slopeslhis portion of the streardrains 40acres at the upper
endand60 acrest the lower endf the mineimpacted watershed@he Program usectgional
hydraulic geometry curves atite Rosgen Natural Channel Design met{iasgen, 1996
determine the new channel geomeWith the addition of 20 full meandergresam sinuousity
(the ratio of channel length to downvalley lengtigs increased from 1.07 to 1.22ngthening
thechannel by 150 feeStream design parameters are listed in Taltleldw.

The gob dumped along the channel was buried under at least two feet of native soils during
grading of the reconfigured channat.the headf therelocatedstreamchannelarock- and
soil-filled gabionmattresgundownblankd was installecandseededo preventheadcuing of

the stream into theartherpad onwhthtre | andowner 6 s hoepeated s bui |t .
gabion mattresmstallationwasplacedat a culvert outleinto the channellhe stream banks and
bottom were stabilized witliMe willow cuttings,rock liningatriffle points, planting of native
seedlings, and hydroseeding withtive seedand abonded fiber matrixA sandstonéedrock
outcropping contra gades at the lowesnd of the relocated stream



Because thsilty native soilsatthe relocated streaare erodibleandcompletelyfree ofrock,
wicker weirs were constructed at the riffle points along the reconstructed channel to aid in
stabilization otthe channel base. Each wicker weir was constructed usingftm&eng juniper
posts driven in three rows across the channel bottom, flexible branches woven between the
juniper postsandfour- to six-inch rock (se¢he photagraphbelow).Coir rolls wereplaced along
the outside of meanders to control lateral movement of the channgronith of vegetation
could establisimore erosiofresistant bark Seedlings were planted along the coir rolls.

The installation of 12nch diameter coir rollsheing tllerthan the 8nch design bankfull depth,
turned out to be a mistakehe rollsnarrowedand deepeneiiows at the rifflesduring flow
events contributng toheadcutting at many of the 40 wicker weirs installaca 2008
maintenanc@roject manyof the coir rollswere shortened fewrolls removedand additional
rock addedht riffle points

Sunset Mine Reclamation

At the Sunset Mine, where anotteeral seam atigher elevatioahad been mined, the gob
material was quite different from that at thenchamand Frankdines. TheSunset Minegob
was very sandy(averaging37% sand)andstronglyacidic (with pH ranging from3.2 to 4.4and
averaging3.8, although low in pyritic sulfgr It supported almost nglant growth, largely
because of h e g olbw waterholdidgscapacityand erodibility its black color andout-
facingexposurdleading to high surfaceoil temperatures)and its acidity To alleviate these
problemsshaddencingwasinstalledandlime and composincorporated ito the gol with
additional lime mixed with the gah individual seedling planting holes

Theopenweave biodegradableoir shade fencing providegemporaryprotectionfor the planted
native seedlingffom wind andsouth and west sugxposureSeedlings were planted six inches
below the surface, both to place their roots below the extremeliplackgob surface and at a
depth where they could more easily access desgplemoisture(Martin, 1976) Cardboardubes
protected the young stems from burial by the sand. By the time thedietee®ratedthe
seedlings were large enough to tolerateratestemburial. In this very droughtgnaterial the
seedlings were waterexhceat the time of planting and, using hydrogel tinekease watering
packagesfor the first growing season. Lofigrm revegetatiosuccesat this challenging site
has been acceptabkthough somelantdie backand mortalityin recen drier years has been
noticed.



Results and Summary

The primary projecin Yankee Canyomas constructeth fall 2004and spring2005, which
fortunately were relatively wet yesiAt the end of the first season of grovith2005 over 77
percent of th&,400native seedlings planted in that initial phase of weeke in fair to good
condition without supplementatigation (except for wateringn of the sedlings at the time of
plantingand as noted above at the Sunset Minevditere hydregel wateringpackages were
used. 5.6 acres of landisturbedduring construction and gatkeresuccessfully hydroseeded
with native species.

Three subsequent small maintenance projemte followedIn 2008 more coir roll terraces
wereaddedfor better erosion contraltthe Franks No. 2teep, irplacegobreclamatiorsites
andadditional seedlingplanted along theewterracesAmendmentsvere incorporatetdy hand
into the steeper slopes thfose golpiles which werethenresededfor better vegetative cover.
In 2009 portions of the 12nch diameter coir roll installations were removed armmtenock was
addedo riffle pointsin the restored stream to addréssheadcutghat had formedThe rock
armor is capturing sediment and vegetation is moving in to cover and reinforce the rock.

In 2013 and 2014he thirdmaintenane project isunderwayto address impacts of tdene
2011ITrack Wildfirethatburned across one edge of the reclamatitaat the Sonchar Mine

This wildfire ignited a few rows ofoir rolls and straw bales placed several years before, killing
almost all of the seedlings planted along thAngob firewasalsokindled by the wildfireand
extinguished in fall 2013.

In summary, lhese projects Yankee Canyohave
1 enhancegbublic safety by closing open mine adiisd extinguishing a gob fire
1 improvedwater quality byremoving gob from stream channels aeducing erosion
1 slowedthemovement of watesacrosdandforms and in streamisicreasingnfiltration

into soils for a moreresilient anddroughtresistant landscape

9 stabilized the upland portion of an ephemeral stream;

increasedhe nutrient content and soil fertility of previouslgresoils;

1 reshapegvegetated, andbanectedighly disturbed landform#o the surrounding
landscapeand

1 upgradedheecological funcbningof a degraded landscape

=



Table I:Franks No. 1 Miné&tream Restoration Design Parameters

Rosgen channéype | B O

Drainage area 40 acresupper end
60 acregower end

Bankfull width 5.06

Bankfull depth 0.7'

Flood prone width 76 to 116

Sinuousity 1.22

Meander length 560

Valley meander lengtl 4 6 6

Channel slope 4.5% to 8.5%
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Map of Project Sites
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Photographs
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Sonchar MingApril 2003 Note the timber loadout in the foreground.
Abandoned vehicles were removed and recycled
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wildfireburned the timber loadoand arean foreground Sept.2012




Sonchar Mine sitandintermittent stream Sonchar Mine siteMay 2013 Some mpacts
April 2003 of the 2011 wildfie are visible irbackground.

Sonchar Minesiteimmediatelyfollowing thewildfire that burned across tmerthwest
edge of the siteJune 2011A gob fire was ignitec few feeteft of the power pole.



