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Regional Information 
 
 
 
1)  Location 

 
The NKC/NEDO project area and National King Coal Mine are located in the southwest United 
States in the “Four Corners area.”  This is the only place in the United States where four different 
states have a point in common.  These states are Colorado, Utah, Arizona and New Mexico. 

 
The project is located at 37° 15’ North Longitude and 108° 06’ West Latitude, in the State of 
Colorado, La Plata County, at an elevation of 7,400 feet (figure 1).  The small town of Hesperus is 
approximately six miles by road northeast of the project.  The town of Durango is located 16 miles 
east on US Highway 160.  The city of Farmington, New Mexico is about 45 miles south on Colorado 
Highway 140. 

   
 

2)  Climate  
 
The climate is referred to as "high desert," with little rainfall or snow.  The following table is taken 
from the records of the nearby town of Durango, Colorado. 
 

Month Low 
Temp. 
deg F 

High 
Temp.
deg F  

Snow, 
Inches 

Rain, 
Inches 

Month Low 
Temp. 
deg F 

High 
Temp.
deg F  

Snow, 
Inches 

Rain, 
Inches 

Jan. 10.5 39.5 16.9 1.62 July 50.0 85.0 0.0 1.95 

Feb. 16.0 44.7 14.2 1.49 Aug. 49.0 83.1 0.0 2.31 

March 22.6 51.8 10.5 1.68 Sept. 41.0 76.4 0.0 1.85 

April 29.2 61.2 3.4 1.35 Oct. 31.3 65.5 1.1 1.92 

May 35.5 70.2 0.5 1.12 Nov. 21.5 52.1 5.5 1.33 

June 42.0 80.6 0.0 0.8 Dec. 13.0 41.3 16.3 0.0 

 
The region is mountainous, varying from about 5,000 feet in elevation south of the project area, to 
over 13,000 feet in the La Plata Mountains north of Hesperus.  
 
 
3)  Culture 
 
The area is thinly populated with about 150,000 people within a 150 mile radius of the project area. 
Population centers include Farmington, New Mexico (pop. 40,000), Durango, Colorado (pop. 
15,000) and Cortez Colorado (pop. 8,700).  The surrounding region is evenly divided between town 
and rural dwellers.  Besides the named cities there are three Indian tribes that have 
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reservations within the surrounding area: the Ute Mountain Ute Tribe, the Southern Ute Tribe and 
the Navajo Tribe.  The project area, which lies immediately northwest of the National King Coal 
Mine, lies within the Ute Mountain Ute Tribe surface ownership. 
 
The modern history of this area began about 1776 when the Fransciscan Friars from Spain 
discovered this lush mountain land while on their way to California.  The land was inhabited by the 
Ute Indians but contained the structures of earlier peoples, now called the Anasazi.  Mineral 
exploration and discovery was the first development of this area, followed by the building of 
railroads into what was expected to be a major gold and silver area.  A large number of small mines 
justified the building of concentrators and smelters in the Durango region.  The superb climate and 
the improved roads and transportation has led to major tourist developments in the last 40 years. 
 
Culturally, the Four Corners area is extremely diversified.  The population is a mixture of Anglo, 
northern European, Spanish and Indian.  In spite of racial strife in other places in America the Four 
Corners area has had none of this type of divisiveness.  As is usual in America, all the many small 
towns in the region have public schools; those on the reservations are usually limited to Indian 
students.  Durango is the home of Fort Lewis College, a four year college giving degrees in both 
science and business subjects.  Fort Lewis College has about 4,500 students and a faculty of 174 full 
time instructors.  Additionally, both the San Juan Community College, located in Farmington, and 
the Pueblo Community College in Cortez are branches of Fort Lewis College.  Also, nearby 
Durango is growing into a software center, developing computer programs for Cad-Cam, Internet 
and other systems applications.  Several Internet service providers are located in Durango as well as 
in Farmington.  The religious climate of the area is a mixture of Roman Catholic, Protestant and 
Indian. The area supports a vigorous artistic community, supporting graphic arts, stage and musical 
performances.  The community is also extremely active outdoor with summer activities of horseback 
riding, mountain hiking and river rafting/kayaking, and winter activities of skiing, snowmobiling, 
and desert/canyon hiking. 
 
The Four Corners area is still strongly agricultural, raising sheep, cattle and horses.  This is readily 
apparent of the area immediately surrounding National King Coal Mine and the project area.  About 
50% of the area population is involved with agriculture.  The primary grain crop is animal feed 
required during the winters.  The water supplies on the southwestern and western side of the Rocky 
Mountains depend on rivers and streams fed by the annual snow fall.  The water regulations of 
Colorado are unique, similar to those found in New Mexico.  Acquisition of “water rights” under 
these regulations is essential to all agricultural and industrial activities in Colorado.   
 
Mining at National King Coal began prior to 1941.  Hay Gulch lies between the present mine and 
the project area.  Land use of Hay Gulch has historically been coal mining, grazing of livestock and 
wildlife habitat.  Some hay crops are produced along the bottom drainage field, and numerous small, 
abandoned coal mines dot the gulch slopes where coal seams outcrop.  Northeast of Hay Gulch, the 
project area lies on a dissected plateau cut by moderately steep-sided canyons and valleys with a 
topographic relief of about 500 feet. 
The project area is located on Ute Mountain Ute Tribe land.  However, the land is not reservation 
land, but land purchased by the tribe.  At the time of acquisition, the government retained all mineral 
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rights below the surface. It is unusual in the history of the American Indians that this land was also 
part of the historical territory of this tribe. 
 
 
4)  General Geology 
 
National King Coal Mine lies at the northwest edge of the immense San Juan Basin, which covers 
approximately 26,000 square miles of northwestern New Mexico and southwestern Colorado.  The 
sedimentary strata of the basin was deposited at the western margin of a vast epeirogenic sea that 
occupied the central part of the continent during the late Cretaceous Epoch (figure 2).  Extensive 
coal formation occurred during a succession of regressive/transgressive migrations of the shoreline 
in a northeast (seaward) and southwest (landward) direction.  Each major cycle resulted in a gradual 
shift in the maximum transgressive position of the shoreline to the northeast until the sea withdrew 
for the last time.  The result is a jagged wedge of nonmarine sediments in the southwestern portion 
of the basin intertonguing to the northeast with marine strata (figure 3).  The transitional strata of 
barrier beach, marginal-shore swamps (coal), paludal (coal), and other lower coastal-plain deposits 
accumulated with each cycle. 
 
 a)  Stratigraphy 
 

The late Cretaceous age strata of regional interest is from bottom to top:  1) Mancos Shale, 2) 
Point Lookout Sandstone, 3) Menefee Formation, 4) Cliff House Sandstone and 5) Lewis Shale 
(figure 3).  Quaternary age sediments of primarily sand and gravel are present in the valley 
bottoms. 
 

Mancos Shale:  The Mancos Shale is of marine origin and composed of dark-gray to black 
shale and silty to fine sandy shale with small amounts of dark gray argillaceous limestone in 
lenses and concretions. The Mancos Shale has an average local thickness of 2000 feet. 
 
Point Lookout Sandstone:  The Point Lookout Formation, which is the basal member of the 
Mesa Verde Group, is divided into two members. The lower member consists of thin 
sandstone beds with interbedded transitional shale (Mancos Shale).  The upper member 
consists of thick, massive beds of even textured, medium grained sandstone that form cliffs 
north of the mine area. The upper member thins to the east as the lower member thickens 
(seaward).  In the project area the Point Lookout Formation has an average local thickness of 
400 feet, with the upper sandstone member at about 100 feet thick and the lower transitional 
member at about 300 feet thick 
 
Menefee Formation:  The Menefee Formation, which is the middle member of the Mesa 
Verde Group is composed of a complex assemblage of non-marine origin, consisting of 
crossbedded sandstones, black shales and coal beds.  The formation is characterized by  
irregular bedding and rapid lateral changes in lithology.  The Menefee is the primary coal 
bearing formation and up to seven coal seams have been identified by the U.S. Geological 
Survey.  The Menefee Formation has an average local thickness of 300 feet, but thins 
eastward to about 123 feet in the Florida River valley (near Durango).
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Cliff House Sandstone:  The uppermost formation exposed locally is the Cliff House 
Formation which is the upper member of the Mesa Verde Group.  It is of marine origin and is 
composed of lenticular ledges of hard, fine to medium grained, calcareous sandstone in softer 
argillaceous fine sandstone, mudstone and silty shale.  Like the Point Lookout Sandstone, the 
Cliff House Sandstone thins eastward to mudstone and silty shale.  The formation has an 
average thickness of 350 feet within the project area, capping the drainage dissected plateau. 
 
Lewis Shale:  The Lewis Shale is of marine origin, consisting of dark gray to black clay 
shale.  The formation is reported to be about 1825 feet thick and pinches out southward as 
the Cliff House Sandstone merges with the overlying regressive Pictured Cliffs Sandstone 
(the basal sandstone of several thick coal seams presently mined around Farmington, NM).  
The Lewis Shale is not present in the immediate project/mine area. 

 
b)  Depositional Trends 
 
The various depositional environments present in the San Juan Basin fluctuated laterally and 
vertically with the rate of shoreline shift present; a result of basin subsidence and/or sediment 
supply.   The conditions favorable for a sufficient amount of peat accumulation to produce coal 
of economic value would require a slow shifting or static shoreline.  Strong linear trends were 
formed by these shorelines and thick deposits of peat accumulated behind the shoreline 
sediments (beach sands) parallel to the coasts (figure 4).  Consequently, lenticular deposits of 
coal were formed with a long axis parallel to the strand lines (coasts).  The strand line direction 
common to the major events of Cretaceous age in the basin was predominant in a northwest-
southeast direction (average N55W, Beaumont, 1971).  However, these linear trends were 
interrupted and modified locally by streams and rivers normal to the strand line carrying 
sediment to the coastline, creating features such as deltas, estuaries, and open lagoons. 
 
The predominant northwest-southeast direction is important in understanding the depositional 
environments of the National King Coal Mine and NKC/NEDO project area.  The trend is also 
common (with local modifications) in depositional models I have created for BHP (Broken Hills 
Proprietary) along the entire western margin of the basin.  It is also important to understand that 
the major drainages present at the time of coal formation were perpendicular to the shoreline at 
roughly N35E.  The major drainage channels effected the coal formation in several ways, 
including:  1) non-deposition, 2) coal seam cut-outs (partial or total) and 3) splitting/thinning of 
the coal.
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c)  Structure 
 
The National King Coal Mine and NKC/NEDO project area lies in a broad area of slightly 
undulating strata known as the Four Corners platform.  The area is slightly northwest of the 
steeply dipping Hogback monocline which can be traced for 130 miles and clearly defines the 
northwest margin of the San Juan Basin in this area (figure 5).  The Four Corners platform dips 
slightly southward at two to seven degrees away from the high La Plata Mountains to the north.  
Bedding within the coal at National King Coal Mine dips 2 degrees (3.5% grade) in a 
south/southeastern direction. 
 
It is highly probable that faulting is present in the region surrounding the project area, however 
the results (core descriptions, geophysical logs and structure map) of drilling both the mine and 
project areas have not revealed the presence of any significant faults (>30 feet displacement).   
While no faults have been encountered within National King Coal Mine, only minor rolls and 
low coal thickness areas have been detected; and a weak roof rock trend has been mapped with a 
N50-60W degree trend. 
 
While no faults are known to exist in the immediate area, it is important to understand that the 
relationship between structure and stratigraphic deposition is very strong in the San Juan Basin.  
The northwest trending strand lines are generally accumulations along sub-surface, en echelon 
basinal compaction features created as the Createous basin continued to fill.  The dominant 
northeast trending channel features accumulate (stack) along extremely deep crustal strike-slip 
faults (Pre-Cambrian or Palaeozoic age) which created depositional lows attracting the sediment 
load.  It is highly likely that the uplifted La Plata Mountains to the north would have influence 
upon these weaker trends, with potential sub-surface and surface fracturing (i.e., National King 
Coal Mine weak roof rock trend). 
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GGeeoollooggyy  &&  DDeeppoossiittiioonnaall  MMooddeell  
22))    GGeeoollooggiicc  MMooddeelliinngg  
  
PPaarrtt  ooff  tthhee  ttaasskk  ooff  eevvaalluuaattiinngg  tthhee  uunnddeerrggrroouunndd  ppootteennttiiaall  ooff  tthhee  NNKKCC//NNEEDDOO  pprroojjeecctt  aarreeaa  iiss  tthhee  
ddeevveellooppmmeenntt  ooff  aa  ggeeoollooggiiccaall  iinntteerrpprreettaattiioonn  ((ddeeppoossiittiioonnaall  mmooddeell))  tthhaatt  ccaann  rreellaattee  tthhee  hhiissttoorriiccaall  
sseeqquueennccee  wwhhiicchh  rreessuulltteedd  iinn  tthhee  aaccccuummuullaattiioonn  ooff  tthhee  ccooaall  bbeeddss  aanndd  aassssoocciiaatteedd  ssttrraattaa..    TThhee  
pprriinncciippllee  vvaalluuee  ooff  tthhee  mmooddeell  iiss  tthhaatt  iitt  ccaann  bbeeccoommee  aa  pprreeddiiccttiivvee  ttooooll  ttoo  ddeetteerrmmiinnee  aarreeaass  wwhheerree  ccooaall  
bbeeddss  tthhiinn  oorr  sspplliitt,,  aarreeaass  ooff  ppootteennttiiaallllyy  ddaannggeerroouuss  rrooooff  ccoonnddiittiioonnss  aanndd  ccooaall  qquuaalliittyy..    WWhhiillee  tthhiiss  
rreeppoorrtt  wwiillll  nnoott  bbee  aa  ddeettaaiilleedd  ddeeppoossiittiioonnaall  mmooddeell  ssiinnccee  tthhee  oollddeerr  ddrriillll  hhoollee  ddaattaa  wwaass  nnoott  aavvaaiillaabbllee  
wwiitthh  ccoommpplleettee  lliitthhoollooggiicc  iinntteerrpprreettaattiioonn  ((iinn  oorrddeerr  ttoo  ccoommppeettee  ddeettaaiilleedd  ccooaall  ppaarrttiinngg  aanndd  iinntteerrbbuurrddeenn  
iissooppaacchhss)),,  II  wwiillll  ddiissccuussss  tthhee  mmoorree  eeaassiillyy  ddeeffiinneedd  ttrreennddss  pprreesseenntt..  
  
PPeerrhhaappss  tthhee  mmoosstt  iimmppoorrttaanntt  ffaaccttoorr  iinnfflluueenncciinngg  llooccaall  ddiissttrriibbuuttiioonn  ooff  tthhee  tthhiicckkeerr  ccooaall  iiss  tthhee  
cchhaarraacctteerr  ooff  tthhee  ssuurrffaaccee  uuppoonn  wwhhiicchh  tthhee  ppllaanntt  mmaatteerriiaall  aaccccuummuullaatteedd..    GGeeoollooggiissttss  oofftteenn  rreeffeerr  ttoo  
ssuucchh  aa  ssuurrffaaccee  aass  tthhee  ppaalleeoottooppooggrraapphhyy,,  ppaalleeooddrraaiinnaaggee  oorr  ddeeppoossiittiioonnaall  ppllaattffoorrmm..    TThhee  sshhaappee  aanndd  
eexxtteenntt  ooff  aa  ddeeppoossiittiioonnaall  ppllaattffoorrmm  iiss  oofftteenn  ccoonnttrroolllleedd  bbyy  tthhee  vvaarryyiinngg  tthhiicckknneessss  ooff  tthhee  sseeddiimmeennttss  
bbeellooww..    TThhee  sseeddiimmeennttss  bbeellooww  tthhee  ppllaattffoorrmm  aarree  oofftteenn  ccoonnttrroolllleedd  bbyy  vvaarriioouuss  rraatteess  ooff  ccoommppaaccttiioonn..    
TThhiicckkeerr  ttrreennddss  iinn  aa  lloowweerr  ccooaall  sseeaamm  oorr  sshhaallee  bbeedd  aarree  oofftteenn  ssuubbjjeecctteedd  ttoo  hhiigghheerr  rraatteess  ooff  
ccoommppaaccttiioonn,,  tthheerreeffoorree,,  tthheeyy  ffoorrmm  ppaalleeoottooppooggrraapphhiicc  lloowwss  tthhaatt  ccaann  iinnfflluueennccee  oorr  aattttrraacctt  ddrraaiinnaaggee  
ppaatttteerrnnss  ((ii..ee..  ssaanndd  cchhaannnneell  ssyysstteemmss  rreessuullttiinngg  iinn  sseeddiimmeenntt  aaccccuummuullaattiioonn))  iinn  tthhee  ccooaall  ffoorrmmiinngg  
eennvviirroonnmmeenntt..    CCoonnvveerrsseellyy,,  tthhee  pprreevviioouuss  ((nnooww  bbuurriieedd))  cchhaannnneell  wwoouulldd  bbee  ccoommppoosseedd  ooff  lleessss  
ccoommppaaccttaabbllee  lliitthhoollooggiieess  ((ssaannddssttoonnee  ttoo  ssiillttssttoonnee))  ffoorrmmiinngg  aa  ppaalleeoottooppooggrraapphhiicc  hhiigghh,,  wwhhiicchh  wwoouulldd  
aallllooww  ffoorr  tthhee  ggrroowwtthh  aanndd  aaccccuummuullaattiioonn  ooff  ppeeaatt..  
  
MMaappppiinngg  eeaacchh  vveerrttiiccaall  sseeqquueennccee  ooff  ccooaall//sseeddiimmeenntt  aaccccuummuullaattiioonn  rreepprreesseennttss  aa  ffuullll  ccyyccllee  ooff  
ddeeppoossiittiioonn..    OObbsseerrvviinngg  tthhee  llaatteerraall  cchhaannggeess  wwiitthhiinn  eeaacchh  ddeeppoossiittiioonnaall  sseeqquueennccee  aanndd  iinntteerrrreellaattiinngg  
((oovveerrllaayyiinngg))  tthhiiss  iinnffoorrmmaattiioonn  ccaann  hheellpp  ddeeffiinnee  tthhee  eexxtteenntt  ooff  tthhee  tthhiicckkeerr  ccooaall,,  ppaarrttiinngg  ttrreennddss,,  qquuaalliittyy  
vvaarriiaattiioonnss  wwiitthhiinn  aa  ggiivveenn  aarreeaa  aanndd  ttoo  ssoommee  eexxtteenntt  tthhee  ssaanndd  cchhaannnneell  ttrreennddss  oovveerrllyyiinngg  aa  mmiinnee  rrooooff..  
  
AAddddiittiioonnaallllyy,,  tthhee  oobbsseerrvvaattiioonn  ooff  ddeeppoossiittiioonnaall  ttrreennddss,,  ssuucchh  aass  ssaanndd  cchhaannnneellss  oorr  sseeaamm  sspplliittss,,  ccaann  
iinnddiiccaattee  llooccaall  aanndd  rreeggiioonnaall  ssttrruuccttuurraall  ffeeaattuurreess..    VVaarriiaattiioonnss  iinn  tthhee  tthhiicckknneessss  ((aanndd//oorr  ssttaacckkiinngg)),,  
wwiiddtthh,,  oorr  llaatteerraall  ddiirreeccttiioonn  ooff  sseeaamm  sspplliittss  oorr  ssaanndd  cchhaannnneellss  mmaayy  rreepprreesseenntt  bbaassiinnaall  ccoommppaaccttiioonn  
dduurriinngg  ccooaall  ffoorrmmaattiioonn  aanndd//oorr  oollddeerr  pprree--ddeeppoossiittiioonnaall  tteeccttoonniicc  aaccttiivviittyy..    NNoott  oonnllyy  wwoouulldd  tthheessee  
ffeeaattuurreess  iinnfflluueennccee  tthhee  aaccccuummuullaattiioonn  ooff  tthhee  ppeeaatt  bbuutt  mmaayy  rreepprreesseenntt  zzoonneess  aaffffeeccttiinngg  tthhee  mmiinnaabbiilliittyy  
ooff  tthhee  ccooaall  bbyy  iinncclluussiioonn  ooff  lliinneeaammeennttss,,  sshheeaarrss//sslliippss,,  aanndd//oorr  ffaauullttss..  
  
WWhheenn  tthhee  ddaattaa  iiss  oobbsseerrvveedd  aass  aann  iinntteerrrreellaatteedd  sseeqquueennccee  ooff  eevveennttss,,  tthhee  bbeesstt  iinntteerrpprreettaattiioonn  ccaann  bbee  
ssuurrmmiisseedd..    TThhee  ggeeoollooggiicc  mmooddeell  pprroovviiddeess  aa  bbaasseelliinnee  ooff  iinnffoorrmmaattiioonn  tthhaatt  ccaann  bbee  aaddddeedd  ttoo,,  cchhaannggeedd  
oorr  eevveenn  ccoommpplleetteellyy  rreevviisseedd  aass  aaddddiittiioonnaall  ddaattaa  iiss  oobbttaaiinneedd..    IItt  aalllloowwss  tthhee  ggeeoollooggiisstt  ttoo  pprroovviiddee  mmiinnee  
ppeerrssoonnnneell  wwiitthh  tthhee  bbeesstt  ccrriittiiccaall  mmiinnee  ppllaannnniinngg//ooppeerraattiioonnaall  iinnffoorrmmaattiioonn  aavvaaiillaabbllee,,  aanndd  aallssoo  ccaann  
aassssiisstt  iinn  llooccaattiinngg  ssiitteess  wwhheerree  aaddddiittiioonnaall  iinnffoorrmmaattiioonn  wwoouulldd  bbee  uusseeffuull,,  wwiitthh  lleessss  eexxppeennssee  aanndd  
wwaasstteedd  ttiimmee..    FFiinnaallllyy,,  tthhee  mmooddeell  iiss  iinnvvaalluuaabbllee  iinn  ttaarrggeettiinngg  aaddddiittiioonnaall  aarreeaass  ffoorr  rreesseerrvvee  aaccqquuiissiittiioonn  
oorr  eexxpplloorraattiioonn..  
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33))    DDeeppoossiittiioonnaall  MMooddeell  OOff  TThhee  ““AA””  SSeeaamm  
  

aa))    DDeeppoossiittiioonnaall  FFlloooorr  TTrreennddss::    TThhee  pprriimmaarryy  ppaalleeoottooppooggrraapphhyy  oorr  ddeeppoossiittiioonnaall  ppllaattffoorrmm  
uuppoonn  wwhhiicchh  tthhee  ccooaall  ffoorrmmeedd  eexxtteennddss  ttoo  tthhee  PPooiinntt  LLooookkoouutt  SSaannddssttoonnee  FFoorrmmaattiioonn..    WWhhiillee  
tthhee  ddrriilllliinngg  ddiidd  nnoott  rreeaacchh  tthhiiss  ddeeeepp,,  iitt  iiss  aassssuummeedd  ttoo  bbee  tthhee  rreeaassoonn  ffoorr  tthhee  mmaajjoorr  rreeggiioonnaall  
ttrreennddss  pprreesseenntt  wwiitthhiinn  tthhee  aarreeaa  ((ii..ee..,,  mmaajjoorr  ccooaall  sseeaamm  sspplliittss  aanndd  pprriimmaarryy  ssaannddssttoonnee  
ddrraaiinnaaggee  cchhaannnneellss))..    UUppwwaarrdd  ffrroomm  tthhiiss  sseeqquueennccee  aarree  tthhee  ““BB””  SSeeaamm  ccooaallss  tthhaatt  aarree  tthhiinn  aanndd  
llaatteerraallllyy  ddiissccoonnttiinnuuoouuss  tthhrroouugghhoouutt  mmuucchh  ooff  tthhee  aarreeaa..    TThhee  nnuummbbeerr  ooff  tthhiinn  ccooaall  sseeaammss  
pprreesseenntt  rreepprreesseenntt  aa  rraappiidd  ttrraannssggrreessssiioonn  sseeqquueennccee  wwiitthh  aabbuunnddaanntt  sseeddiimmeenntt  ((ppoossssiibbllyy  
bbrraaiiddeedd  ssaannddssttoonnee  cchhaannnneellss))  bbeeiinngg  ddeeppoossiitteedd..    EExxaammiinniinngg  tthhee  ““BB””  SSeeaamm  iissooppaacchh  ffrroomm  tthhee  
““NNaattiioonnaall  KKiinngg  CCooaall,,  IInncc..  GGeeoollooggiicc  RReeppoorrtt””  ((HHeennddeerrssoonn,,  11999955)),,  iitt  iiss  eeaassyy  ttoo  sseeee  tthhee  
nnaarrrrooww,,  llaatteerraall  eexxtteenntt  ooff  tthhee  ddeeppoossiittss  eexxtteennddiinngg  bbootthh  NN5555WW  aanndd  NN3355EE,,  wwhhiicchh  aarree  tthhee  
pprreeddoommiinnaanntt  ssttrruuccttuurraall  aanndd  ddeeppoossiittiioonnaall  ttrreennddss..    TThhee  nnaarrrrooww  ddeeppoossiittss  ooff  ccooaall  aarree  
aapppprrooxxiimmaatteellyy  22000000--33000000  ffeeeett  wwiiddee  aanndd  55--66  ffeeeett  tthhiicckk,,  wwiitthh  nnuummeerroouuss  tthhiinn  ttoo  llaarrggee  
ppaarrttiinnggss  pprreesseenntt..  
  

NNoottee::    IInn  ssuucchh  aann  eexxttrreemmeellyy  vvaarriiaabbllee,,  ddeeppoossiittiioonnaall  sseeqquueennccee,,  ssuucchh  aass  tthhee  ““BB””  
sseeaamm  ddeeppoossiittss,,  iinnddiivviidduuaall  sseeaamm  ccoorrrreellaattiioonn’’ss  aarree  oofftteenn  vveerryy  ddiiffffiiccuulltt  ttoo  eessttaabblliisshh  
aanndd  iitt  iiss  iimmppeerraattiivvee  ttoo  mmaapp  tthhee  rreellaattiioonnsshhiipp  ooff  tthhee  fflluuvviiaall  ssaannddssttoonnee  cchhaannnneellss  
ssuurrrroouunnddiinngg  tthhee  ccooaallss..    IItt  iiss  hhiigghhllyy  pprroobbaabbllee  tthhaatt  tthhee  sseevveerraall  tthhiicckkeerr  ccooaall  ttrreennddss  
ddoo  nnoott  ccoorrrreellaattee  llaatteerraallllyy  iinnttoo  eeaacchh  ootthheerr,,  bbuutt  aarree  sseeppaarraattee  ccooaall  ““ppooddss””  ddeeffiinneedd  
bbyy  tthhee  ssaannddssttoonnee  cchhaannnneellss  aarroouunndd  tthheemm,,  wwiitthh  ppoossssiibbllee  sspplliittttiinngg  aanndd  mmeerrggiinngg  ooff  
tthhiinnnneerr  ccooaall  sseeaammss..  

  
TThheessee  rriiddggeess  ooff  ccooaall  ddeeppoossiittiioonn  pprroobbaabbllyy  rreefflleecctt  cchhaannggeess  iinn  tthhiicckknneessss,,  lliitthhoollooggiicc  cchhaarraacctteerr  
oorr  eevveenn  ssttrruuccttuurree  wwiitthhiinn  tthhee  PPooiinntt  LLooookkoouutt  SSaannddssttoonnee  bbeellooww  tthhee  ““BB””  SSeeaamm  ccooaall  ((ii..ee..  bbaassiinn  
ccoommppaaccttiioonn  ffeeaattuurreess))..    HHoowweevveerr,,  tthheeyy  aallssoo  sseett  uupp  tthhee  cchhaarraacctteerr  ooff  tthhee  ddeeppoossiittss  tthhaatt  wwiillll  
bbeeccoommee  tthhee  ddeeppoossiittiioonnaall  ppllaattffoorrmm  ooff  tthhee  ““AA””  SSeeaamm..    FFrroomm  tthhee  ddrriilllliinngg  ddaattaa,,  tthhee  sseeqquueennccee  
bbeettwweeeenn  tthhee  ““BB””  SSeeaamm  ccooaallss  aanndd  tthhee  ““AA””  SSeeaamm  iiss  iimmppaacctteedd  bbyy  nnuummeerroouuss  fflluuvviiaall  
ssaannddssttoonnee  cchhaannnneellss  ((ppoossssiibbllyy  bbrraaiiddeedd))..    TThheessee  ssaannddssttoonnee  cchhaannnneellss  mmoosstt  lliikkeellyy  wweerree  
aattttrraacctteedd  ttoo  tthhee  ssttrruuccttuurraall  lloowwss  ssuurrrroouunnddiinngg  tthhee  tthhiicckkeerr  ““BB””  SSeeaamm  ccooaall  ddeeppoossiittss..    IItt  iiss  uuppoonn  
tthheessee  vvaarriiaabbllee  fflluuvviiaall  ddeeppoossiittss  tthhaatt  tthhee  ““AA””  SSeeaamm  ccooaall  wwaass  ddeeppoossiitteedd  aanndd  tthhaatt  tthhee  
cchhaarraacctteerr  ooff  tthhee  ccooaall  wwaass  eessttaabblliisshheedd  ((ee..gg..,,  ssuullffuurr  aanndd  aasshh  ttrreennddss))..  
  
OOff  ssppeecciiaall  iinntteerreesstt  iiss  tthhee  iimmmmeeddiiaattee  fflloooorr  cchhaarraacctteerr  ooff  tthhee  ddrriillll  hhoolleess  ccoommpplleetteedd  aatt  tthhee  
nnoorrtthheerrnn  mmaarrggiinn  ooff  tthhee  pprroojjeecctt  aarreeaa..    TThheessee  hhoolleess  hhaavvee  aa  vveerryy  ddiissttiinncctt  ssaannddssttoonnee  pprreesseenntt  
ddiirreeccttllyy  bbeellooww  ((wwiitthhiinn  11--22  ffeeeett))  tthhee  ccooaall  sseeaamm..    TThhee  ssaannddssttoonnee  rraannggeess  ffrroomm  1100--1122  ffeeeett  
tthhiicckk  aanndd  aappppeeaarrss  ffrroomm  tthhee  ggeeoopphhyyssiiccaall  llooggss  ttoo  bbee  ooff  vveerryy  uunniiffoorrmm  ggrraaiinn  ssiizzee,,  ssuuggggeessttiinngg  
aa  bbaarrrriieerr  bbeeaacchh  ssaanndd  ddeeppoossiittiioonn..    TThhee  ssaannddssttoonnee  mmaayy  rreepprreesseenntt  aa  lloowweerr  ttoonngguuee  ooff  tthhee  
aabboovvee  CClliiffff  HHoouussee  SSaannddssttoonnee  FFoorrmmaattiioonn,,  wwhhiicchh  wwoouulldd  iinnccrreeaassee  iinn  tthhiicckknneessss  aanndd  mmeerrggee  ttoo  
tthhee  nnoorrtthh..    TThhee  ccooaall  sseeaamm  tthhiicckknneessss  ssuuppppoorrttss  tthhiiss  iiddeeaa;;  tthhee  ccooaall  sseeaamm  ““ppoodd””  vveerryy  qquuiicckkllyy  
sspplliittss  aanndd  tthhiinnss  wwhheerree  tthhiiss  ssaannddssttoonnee  iiss  pprreesseenntt  aanndd  aallssoo  tthhee  CClliiffff  HHoouussee  SSaannddssttoonnee  iiss  
cclloosseerr  ttoo  tthhee  ttoopp  ooff  tthhee  rreemmaaiinniinngg  tthhiinn  ccooaall..    IIff  tthhiiss  rreellaattiioonnsshhiipp  iiss  ccoorrrreecctt,,  tthhee  ““AA””  SSeeaamm  
ccooaall  wwiillll  mmoosstt  lliikkeellyy  ccoonnttiinnuuee  ttoo  tthhiinn  aanndd  ddiissaappppeeaarr  ttoo  tthhee  nnoorrtthh  aass  tthhee  ttoonngguuee  aanndd  CClliiffff  
HHoouussee  SSaannddssttoonnee  mmeerrggee..  
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TThhiiss  ttrreenndd  aappppeeaarrss  ttoo  bbee  pprreesseenntt  oonn  tthhee  ““AA””  SSeeaamm  ccooaall  iissooppaacchh  mmaapp  iinncclluuddeedd  iinn  tthhee  
““NNaattiioonnaall  KKiinngg  CCooaall,,  IInncc..  GGeeoollooggiicc  RReeppoorrtt””  ((HHeennddeerrssoonn,,  11999955))..    TThhee  nnoorrtthheerrnn  pprroojjeecctt  
aarreeaa  wwoouulldd  ccoorrrreessppoonndd  wwiitthh  tthhee  tthhiinn  ccooaall  bboouunnddaarryy  ((<<44..00  ffeeeett  tthhiicckk))  iiddeennttiiffiieedd  iinn  tthhee  
rreeppoorrtt  ttoo  tthhee  nnoorrtthheeaasstt  ooff  tthhee  mmiinnee..    TThhiiss  wwoouulldd  rreessuulltt  iinn  aa  nnoorrtthhwweesstt//ssoouutthheeaasstt  ttrreenndd  ffoorr  
tthhee  ttoonngguuee,,  wwiitthh  aa  ssttrriikkee  ooff  aapppprrooxxiimmaatteellyy  5500--6600  ddeeggrreeeess..    HHoowweevveerr,,  tthhee  ttoonngguuee  mmaayy  hhaavvee  
aann  iirrrreegguullaarr  sshhaappee  aanndd  wwhhiillee  tthhee  ggeenneerraall  ttrreenndd  mmaayy  bbee  ccoorrrreecctt,,  tthhee  iinnfflluueennccee  ooff  tthhee  ttrreenndd  
mmaayy  vvaarryy  wwiitthh  sslliigghhtt  ttrraannssggrreessssiioonnss  aanndd  rreeggrreessssiioonnss  ooff  tthhee  ssaanndd  aalloonngg  eenn  eecchheelloonn  
lliinneeaammeennttss  oorr  ddeeeeppeerr  ssttrruuccttuurreess  ((ii..ee..,,  bbaassiinnaall  ccoommppaaccttiioonn  ffeeaattuurreess))..    TThhiiss  mmaayy  eexxppllaaiinn  tthhee  
pprreesseennccee  ooff  tthhee  iissoollaatteedd  ccooaall  ddeeppoossiitt  uupp  RRoobbeerrttss  CCaannyyoonn  aanndd  eexxtteennddiinngg  ttoo  tthhee  oolldd  
HHeessppeerruuss  CCooaall  MMiinnee,,  hhoowweevveerr  ccoorrrreellaattiioonn  ooff  tthhee  ccooaall  sseeaammss  wwoouulldd  nneeeedd  ttoo  bbee  cchheecckkeedd..  
  
bb))    ““AA””  SSeeaamm  CCooaall  DDeeppoossiittiioonn::    IItt  bbeeccaammee  eevviiddeenntt  tthhaatt  tthhee  ““AA””  SSeeaamm  ccooaall  hhaadd  sseevveerraall  
ssttrroonngg  ddeeppoossiittiioonnaall  ttrreennddss..    OOff  eexxttrreemmee  iimmppoorrttaannccee,,  iitt  bbeeccaammee  eevviiddeenntt  tthhaatt  tthhee  NNaattiioonnaall  
KKiinngg  CCooaall  MMiinnee  iiss  nnoott  mmiinniinngg  wwiitthhiinn  tthhee  tthhiicckk  ccooaall  ppoodd  ooff  tthhee  ““AA””  SSeeaamm,,  bbuutt  iiss  mmiinniinngg  
oonnllyy  tthhee  uuppppeerr  sseeaamm  ooff  tthhee  pprriimmaarryy  tthhiicckk  ccooaall  ““ppoodd””  pprreesseenntt  ttoo  tthhee  nnoorrtthhwweesstt  ((ffiigguurree  66  
aanndd  77))..    AAnndd  sseeccoonndd,,  tthhaatt  tthhee  hhiigghheerr  ssuullffuurr  ttrreenndd  aalloonngg  tthhee  eeaasstteerrnn  eeddggee  ooff  NNaattiioonnaall  KKiinngg  
CCooaall  MMiinnee  iiss  nnoott  pprreesseenntt  iinn  tthhee  tthhiicckkeerr  cceennttrraall  ccooaall  ““ppoodd””  ooff  tthhee  pprroojjeecctt  aarreeaa..  
  

11))    ““AA””  SSeeaamm  CCooaall  ““PPoodd””::    TThhee  pprreesseennccee  ooff  aa  tthhiicckk  ““AA””  SSeeaamm  ccooaall  ““ppoodd””  ttoo  tthhee  
nnoorrtthhwweesstt  ooff  tthhee  NNaattiioonnaall  KKiinngg  CCooaall  MMiinnee  ((ffiigguurree  77))..    TThhee  ffoorrmmaattiioonn  ooff  tthhee  tthhiicckk  
ccooaall  ““ppoodd””  wwaass  ccoonnttrroolllleedd  bbyy  ddeeppoossiittiioonnaall  ffeeaattuurreess  pprreesseenntt  iinn  tthhee  PPooiinntt  LLooookkoouutt  
SSaannddssttoonnee  aanndd  tthhee  fflluuvviiaall  ssaannddssttoonneess  ddiirreeccttllyy  bbeellooww,,  wwhhiicchh  ccrreeaatteedd  aa  ssttaabbllee  
ddeeppoossiittiioonnaall  ppllaattffoorrmm  uuppoonn  wwhhiicchh  tthhee  ““AA””  SSeeaamm  ccooaall  sswwaammpp  wwaass  eessttaabblliisshheedd..    
TThhee  ““AA””  SSeeaamm  ““ppoodd””  ((99--1111  ffeeeett  tthhiicckk))  sspplliittss  iinnttoo  tthhee  UUppppeerr  ““AA””  SSeeaamm  ccooaall  ((44..55--
66..00  ffeeeett  tthhiicckk))  aanndd  tthhee  LLoowweerr  ““AA””  SSeeaamm  ccooaall  ((33..00--55..00  ffeeeett  tthhiicckk))  ttoowwaarrddss  tthhee  
NNaattiioonnaall  KKiinngg  CCooaall  MMiinnee..    TThhee  lloowweerr  sspplliitt  ooff  tthhee  ““AA””  sseeaamm  qquuiicckkllyy  sspplliittss  aanndd  
tthhiinnss  wwiitthhiinn  aa  ddiissttaannccee  ooff  22000000--33000000  ffeeeett  ttoo  tthhee  ssoouutthheeaasstt..    NNoottee::    TThhiinn  rreemmnnaannttss  
ooff  tthhee  LLoowweerr  ““AA””  SSeeaamm  aarree  vviissiibbllee  bbeellooww  tthhee  UUppppeerr  ““AA””  SSeeaamm    aass  ddiirrttyy  ccooaall  
bbaannddss  00..55--11..00  ffeeeett  tthhiicckk  iinn  mmaannyy  ooff  tthhee  ggeeoopphhyyssiiccaall  llooggss  pprreesseenntt  aatt  NNaattiioonnaall  KKiinngg  
CCooaall  MMiinnee..    
  
TThhee  ““AA””  SSeeaamm  ““ppoodd””  rraannggeess  iinn  tthhiicckknneessss  ffrroomm  77..99  ttoo  1111..77  ffeeeett  tthhiicckk,,  aavveerraaggiinngg  
99..99  ffeeeett..    TThhee  vvaarriiaattiioonn  iinn  tthhiicckknneessss  ooff  tthhee  ppoodd  ccaann  bbee  ddiirreeccttllyy  rreellaatteedd  ttoo  tthhee  
iimmmmeeddiiaattee  fflluuvviiaall  ssaannddssttoonnee  cchhaannnneellss  ddeeppoossiitteedd  bbeellooww;;  tthhee  tthhiinnnneerr  77..99  ffeeeett  tthhiicckk  
ccooaall  hhaass  oonnllyy  mmiinnoorr  ssaannddssttoonnee  tthhiicckknneessss  ((66..55  ffeeeett  tthhiicckk)),,  wwhhiillee  tthhee  tthhiicckkeerr  
ssuurrrroouunnddiinngg  hhoolleess  hhaavvee  2200--3355  ffeeeett  ooff  ssaannddssttoonnee  pprreesseenntt..    TThhiiss  sslliigghhtt  rreedduuccttiioonn  iinn  
tthhee  ssaannddssttoonnee  ppllaattffoorrmm  aalllloowweedd  aaddddiittiioonnaall  sseeddiimmeenntt  iinnttoo  tthhee  sswwaammpp  ((ddrraaiinnaaggeess)),,  
ggeenneerraallllyy  rreedduucciinngg  tthhee  ccooaall  tthhiicckknneessss  aatt  tthhee  ttoopp  aanndd  bboottttoomm  ooff  tthhee  bbeedd..    WWhhiillee  tthhee  
rreedduucceedd  ccooaall  tthhiicckknneessss  iiss  nnoott  aa  mmiinniinngg  ccoonncceerrnn,,  iitt  iiss  aalloonngg  tthhee  lloowweerr  tthhiicckknneessss  
ttrreennddss  tthhaatt  mmiinnoorr  iinn--sseeaamm  ppaarrttiinnggss  mmaayy  aallssoo  bbee  eennccoouunntteerreedd  aass  tthhiinn,,  lleennttiiccuullaarr,,  
mmeeaannddeerriinngg  bbaannddss..
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TThhee  eexxtteenntt  ooff  tthhee  tthhiicckk  ““AA””  SSeeaamm  ccooaall  ““ppoodd””  ttoo  tthhee  wweesstt  iiss  pprreesseennttllyy  uunnkknnoowwnn,,  
hhoowweevveerr  ffuurrtthheerr  ssttuuddyy  oonn  tthhee  sshhaappee  ooff  tthhee  ddeeppoossiitt  iiss  ddiissccuusssseedd  bbeellooww  iinn  tthhee  
SSttrruuccttuurraall  TTrreennddss  sseeccttiioonn..    DDeeppeennddeenntt  uuppoonn  aa  ccoonnttiinnuueedd  eeaasstt--wweesstt,,  ssttrruuccttuurraall  
ssttrriikkee  ooff  tthhee  sseeaamm  ((ffiigguurree  77)),,  tthhee  ccooaall  ddeeppoossiitt  sshhoouulldd  eexxtteenndd  aaccrroossss  tthhee  ssuucccceeeeddiinngg  
nnoorrtthh--ssoouutthh  ttrreennddiinngg  ddrraaiinnaaggeess  ttoo  tthhee  wweesstt  ((EEaasstt  aanndd  WWeesstt  AAllkkaallii  GGuullcchhss))..    WWhhiillee  
ppootteennttiiaallllyy  nnuummeerroouuss  sscceennaarriiooss  eexxiisstt  ffoorr  tthhee  wweesstteerrnn  eexxtteennssiioonn  ooff  tthhee  ccooaall  sseeaamm  
((tthhiicckk  ““ppoodd””,,  sspplliitt  sseeaammss,,  tthhiinn  ttrraaccee  oorr  nnoonnddeeppoossiittiioonnaall)),,  II  ddoo  nnoott  bbeelliieevvee  tthhaatt  tthhee  
ccooaall  sseeaamm  wwiillll  eexxtteenndd  aatt  aa  mmiinnaabbllee  tthhiicckknneessss  ((>>44..00  ffeeeett))  bbeeyyoonndd  CChheerrrryy  CCrreeeekk..    
HHoowweevveerr,,  eeaacchh  aaddddiittiioonnaall  rriiddggee  wwiitthh  mmiinnaabbllee  ccooaall  pprreesseenntt  wwiillll  ggrreeaattllyy  iinnccrreeaassee  tthhee  
rreesseerrvvee  ttoottaall  dduuee  ttoo  tthhee  iinnccrreeaassiinngg  ssiizzee  ooff  tthhee  rriiddggee  aaccrreeaaggee  ((sseeee  RReesseerrvvee  sseeccttiioonn))..  
  

Note:  There is an old mine location shown on the topography map along the west side of 
Cherry Creek (figure 9), however the mine name and coal seam are presently unknown.  This 
should be examined and a visit made to the mine if possible to determine the coal’s 
stratigraphic position and thickness. 

  
22))    SSuullffuurr  TTrreennddss::    TThhee  hhiigghh  ssuullffuurr  ttrreennddss  eennccoouunntteerreedd  aalloonngg  tthhee  eeaasstteerrnn  mmaarrggiinn  
ooff  NNaattiioonnaall  KKiinngg  CCooaall  MMiinnee  aanndd  ffoouunndd  iinn  tthhee  mmiinnee’’ss  ccoorree  hhoollee  ddaattaa  ttoo  tthhee  
eeaasstt//ssoouutthheeaasstt  aarree  tthhee  iinnfflluueennccee  ooff  aa  hhiigghh  ssuullffuurr  ((sslliigghhttllyy  sshhaalleeyy))  ccooaall  ddiirreeccttllyy  
ddeeppoossiitteedd  uuppoonn  tthhee  UUppppeerr  ““AA””  ccooaall  sseeaamm..    TThhee  ddaattaa  sshhoowwss  aa  sslliigghhtt  iinnccrreeaassee  iinn  tthhee  
ttoottaall  tthhiicckknneessss  ooff  tthhee  ccooaall  ((ffrroomm  55..00--66..55  ttoo  66..55--77..55  ffeeeett))  wwiitthh  aa  ccoorrrreessppoonnddiinngg  
llaarrggee  iinnccrreeaassee  iinn  ssuullffuurr  ccoonntteenntt  ((ffrroomm  00..6600--00..8855  ttoo  00..9955--11..8800  ssuullffuurr))..    TThhee  hhiigghh  
ssuullffuurr  ttrreenndd  mmaayy  rreepprreesseenntt  tthhee  iinniittiiaall  rreeggrreessssiioonn  ooff  tthhee  CClliiffff  HHoouussee  SSaannddssttoonnee  
aabboovvee,,  rreessuullttiinngg  iinn  ttiiddaall  aanndd  eessttuuaarryy  ddeeppoossiittss  oovveerrllyyiinngg  tthhee  ccooaall  bbeeffoorree  tthhee  tthhiicckkeerr  
ssaannddssttoonnee  wwaass  ddeeppoossiitteedd..    TThhiiss  ccaarrbboonnaacceeoouuss,,  ssaalltt--wwaatteerr--iinnfflluueenncceedd  sshhaallee//ccooaall  
ddeeppoossiitt  wwoouulldd  hhaavvee  bbeeeenn  ddeeppoossiitteedd  aarroouunndd  tthhee  ddeeppoossiittiioonnaallllyy  hhiigghheerr,,  tthhiicckk  cceennttrraall  
““AA””  sseeaamm  ““ppoodd..””  

  
cc))    DDeeppoossiittiioonnaall  RRooooff  TTrreennddss::    TThhee  pprriimmaarryy  ddeeppoossiittiioonnaall  ffeeaattuurree  iiss  tthhee  tthhiicckk  CClliiffff  HHoouussee  
SSaannddssttoonnee  FFoorrmmaattiioonn  wwhhiicchh  ccaappss  tthhee  ttooppooggrraapphhiicc  rriiddggeess  ooff  tthhee  aarreeaa..    TThhee  ssaannddssttoonnee  iiss  
vveerryy  uunniiffoorrmm  aanndd  pprroovviiddeess  aa  ssttaabbllee  uuppppeerr  rrooooff  sseeqquueennccee..    WWiitthhiinn  tthhee  pprroojjeecctt  aarreeaa  tthhee  
iinntteerrbbuurrddeenn  bbeettwweeeenn  tthhee  ““AA””  SSeeaamm  ccooaall  aanndd  tthhee  CClliiffff  HHoouussee  SSaannddssttoonnee  iiss  aa  sseerriieess  ooff  tthhiinn,,  
iinntteerrbbeeddddeedd  ssiillttyy  ssaannddssttoonneess  aanndd  sshhaallee  llaayyeerrss..    TTwwoo  ddeeppoossiittiioonnaall  ffeeaattuurreess  ooff  iinntteerreesstt  aarree::    
11))    tthhee  CClliiffff  HHoouussee  SSaannddssttoonnee  iiss  cclloosseerr  ttoo  tthhee  ““AA””  SSeeaamm  ccooaall  ((lleessss  iinntteerrbbuurrddeenn))  wwiitthhiinn  tthhee  
pprroojjeecctt  aarreeaa  aanndd  22))    aatt  NNaattiioonnaall  KKiinngg  CCooaall  MMiinnee  tthhee  iinntteerrbbuurrddeenn  hhaass  iinnccrreeaasseedd  wwiitthh  aa  
sseerriieess  ooff  ssmmaallll  ssaannddssttoonnee  cchhaannnneell  ffeeaattuurreess  ((ii..ee..,,  oovveerrbbaannkk//ssppllaayy  ddeeppoossiittss))..    WWiitthhiinn  tthhee  
pprroojjeecctt  aarreeaa  tthhee  cclloosseerr  pprrooxxiimmiittyy  ooff  tthhee  CClliiffff  HHoouussee  SSaannddssttoonnee  mmaayy  pprroovviiddee  aa  mmoorree  ssttaabbllee  
rrooooff  lliitthhoollooggyy  wwiitthh  ddeeccrreeaasseedd  sshhaallee  aanndd  tthhiinn  ssaannddssttoonnee  iinntteerrbbeeddddiinngg..    

  
dd))    SSttrruuccttuurraall  TTrreennddss::    TThheerree  aarree  ttwwoo  ddoommiinnaanntt  rreeggiioonnaall  lliinneeaammeenntt  ttrreennddss  pprreesseenntt  iinn  tthhee  
aarreeaa  ssuurrrroouunnddiinngg  tthhee  pprroojjeecctt;;  tthhee  HHooggbbaacckk  mmoonnoocclliinnee  aanndd  tthhee  MMaannccooss  RRiivveerr  ((ffiigguurree  88))..    
BBootthh  ttrreenndd  NN3300--4400EE  aanndd  rreepprreesseenntt  tthhee  iinnfflluueennccee  ooff  ddeeeeppeerr  ccrruussttaall  ssttrriikkee--sslliipp  ffaauullttss..    TThhee  
ttwwoo  lliinneeaammeennttss  aappppeeaarr  ttoo  ffoorrmm  tthhee  bblloocckk  uuppoonn  wwhhiicchh  tthhee  ““AA””  sseeaamm  ccooaall  wwaass  ffoorrmmeedd  aanndd  
mmaayy  hhaavvee  hhaadd  aa  ssiiggnniiffiiccaanntt  iinnfflluueennccee  oonn  tthhee  cchhaarraacctteerr  ooff  tthhee  ddeeppoossiitt..    WWhhiillee  NNaattiioonnaall  
KKiinngg  CCooaall  MMiinnee  lliieess  wwiitthhiinn  tthhee  cceenntteerr  ooff  tthhee  bblloocckk,,  tthhee  tthhiicckkeerr  ccooaall  ““ppoodd””  lliieess  ttoo  tthhee  wweesstt  
ooff  cceenntteerr  ((ffiigguurree  99))..    IItt  ccaann  bbee  aassssuummeedd  tthhaatt  tthhee  ccooaall  ddeeppoossiitt  iiss  nnoott  uunniiffoorrmm,,  bbuutt  tthhaatt  tthhee  
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hhiigghheerr,,  ddeeppoossiittiioonnaall  cceenntteerr  ooff  tthhee  ddeeppoossiitt  lliieess  aalloonngg  tthhee  wweesstteerrnn  mmaarrggiinn  ooff  tthhee  bblloocckk  aanndd  
tthhaatt  tthhee  ccooaall  ggrraadduuaallllyy  tthhiinnss  ttoo  tthhee  eeaasstt  wwiitthh  iinnccrreeaassiinngg  sseeddiimmeenntt  iinnfflluueennccee  ((ee..gg..,,  ppaarrttiinnggss  
aanndd  hhiigghheerr  ssuullffuurr  ttrreenndd,,  ffiigguurree  1100))..  
  
IIff  tthhee  mmooddeell  hhoollddss  ttrruuee,,  tthheenn  tthhee  ggrraadduuaall  ddeecclliinnee  ooff  tthhee  ccooaall  ddeeppoossiitt  ttoo  tthhee  eeaasstt  iiss  ooppppoossiittee  
ttoo  aa  sshhaarrpp  ddeecclliinnee  iinn  tthhee  tthhiicckk  ccooaall  ““ppoodd””  aalloonngg  tthhee  wweesstteerrnn  mmaarrggiinn..    TThhiiss  ccoouulldd  ooccccuurr  bbyy  
aann  iinnccrreeaassee  iinn  iinnfflluueennccee  ooff  tthhee  CClliiffff  HHoouussee  SSaannddssttoonnee  ttoonngguuee  ffrroomm  tthhee  nnoorrtthheeaasstt  
((pprreesseennttllyy  vviissiibbllee  oonn  tthhee  ggeeoopphhyyssiiccaall  llooggss  iimmmmeeddiiaatteellyy  bbeellooww  tthhee  ““AA””  SSeeaamm  iinn  tthhee  ddrriillll  
ssiitteess  oonn  tthhee  nnoorrtthheerrnn  eeddggee  ooff  tthhee  pprroojjeecctt  aarreeaa))..    AAnnootthheerr  eexxppllaannaattiioonn  wwoouulldd  bbee  tthhee  
pprreesseennccee  ooff  aa  llaarrggee  fflluuvviiaall  ssaannddssttoonnee  cchhaannnneell  ssyysstteemm  fflloowwiinngg  ffrroomm  tthhee  ssoouutthhwweesstt  aalloonngg  
tthhee  MMaannccooss  RRiivveerr  lliinneeaammeenntt  ttrreenndd  ((ppaarraalllleell  ttoo  CChheerrrryy  CCrreeeekk))..  
  
TThhee  nnoorrtthheerrnn  eeddggee  ooff  tthhee  tthhiicckk  ccooaall  ““ppoodd””  iiss  ccoonnttrroolllleedd  bbyy  tthhee  nnoorrtthhwweesstt--ssoouutthheeaasstt  
ttrreennddiinngg  ssttrraanndd  lliinnee  ((bbeeaacchh  ssaanndd,,  ffiigguurree  1100))..    BBeeaauummoonntt  hhaass  oobbsseerrvveedd  tthhaatt  ““tthhee  
ttrraannssggrreessssiivvee  nneeaarrsshhoorree  aanndd  bbeeaacchh  ffaacciieess  tteenndd  ttoo  bbee  llaacckkiinngg  iinn  tthhee  ccrroossssbbeeddddeedd  mmaassssiivvee  
ssaannddss  tthhaatt  aarree  aassssoocciiaatteedd  wwiitthh  ssoommee  ttyyppiiccaall  bbeeaacchh  ddeeppoossiittss””  ((BBeeaauummoonntt,,  11997711))..    TThhiiss  
iimmpplliieess  tthhaatt  tthhee  ssaannddyy  bbeeaacchh  sseeqquueenncceess  aarree  lliikkeellyy  ttoo  bbee  iinn  cclloossee  pprrooxxiimmiittyy  ttoo  tthhee  ppeeaatt  
ddeeppoossiittss,,  rreessuullttiinngg  iinn  rraappiidd  ddeeppoossiittiioonnaall  cchhaannggeess..    TThhee  ddaattaa  ssuuppppoorrttss  tthhiiss  iiddeeaa,,  aanndd  tthhee  
ccooaall  qquuiicckkllyy  tthhiinnss  aatt  tthhee  nnoorrtthheerrnn  mmaarrggiinn  ooff  tthhee  ddeeppoossiitt..    TThhee  ssoouutthheerrnn  eeddggee  ooff  tthhee  ddeeppoossiitt  
sshhoouulldd  hhaavvee  aa  ggrraadduuaall  tthhiinnnniinngg  ooff  tthhee  ccooaall  ssiimmiillaarr  ttoo  tthhee  eeaasstteerrnn  mmaarrggiinn,,  hhoowweevveerr  tthhee  
ddiissttaannccee  ooff  ddeeppoossiittiioonnaall  cchhaannggee  wwoouulldd  bbee  ggrreeaattllyy  ddeeccrreeaasseedd  ((ee..gg..,,  sshhoorrtt  aaxxiiss  ooff  tthhee  ccooaall  
ddeeppoossiitt  nnoorrmmaall  ttoo  tthhee  ssttrraanndd  lliinnee))..    VVaarriiaattiioonnss  ooff  tthhiiss  nnoorrtthhwweesstt  ttoo  ssoouutthheeaasstt  oorriieenntteedd  
wweeddggee  sshhaappeedd  ddeeppoossiitt  ooff  ccooaall,,  bboouunnddeedd  bbyy  ssttrroonngg  ssttrruuccttuurraall  lliinneeaammeenntt  ffeeaattuurreess,,  iiss  
ccoommmmoonn  iinn  tthhee  ddeeppoossiittiioonnaall  mmooddeellss  wwhhiicchh  II  hhaavvee  ccrreeaatteedd  aalloonngg  tthhee  wweesstteerrnn  mmaarrggiinn  ooff  tthhee  
SSaann  JJuuaann  BBaassiinn..  
  

NNoottee::    WWhhiillee  II  ffeeeell  tthhee  aabboovvee  iinntteerrpprreettaattiioonn  iiss  ssoouunndd,,  tthhee  ppootteennttiiaall  eexxtteennssiioonn  ooff  tthhee  
ccooaall  rreesseerrvvee  ttoo  tthhee  wweesstt  iiss  ““mmyy  bbeesstt  gguueessss””  aanndd  rreeqquuiirreess  aaddddiittiioonnaall  iinnffoorrmmaattiioonn..    
II  hhaavvee  sseeeenn  lliinneeaammeenntt  ttrreennddss  bbeeccoommee  tthhee  cceenntteerr  aaxxiiss  ooff  tthhee  ccooaall  ddeeppoossiitt,,  hhoowweevveerr  II  
ffeeeell  tthhee  ssttrreennggtthh  ooff  tthhee  MMaannccooss  RRiivveerr  lliinneeaammeenntt  aanndd  tthhee  nnaattuurree  ooff  tthhee  ddeeppoossiittiioonnaall  
eennvviirroonnmmeenntt  wwoouulldd  eexxcclluuddee  tthhiiss  ppoossssiibbiilliittyy..  

  
TThhee  ssttrreennggtthh  ooff  tthhee  lliinneeaammeennttss  pprreesseenntt  aanndd  tthhee  aarreeaa’’ss  pprrooxxiimmiittyy  ttoo  tthhee  uupplliifftteedd  LLaa  PPllaattaa  
MMoouunnttaaiinnss  ssuuggggeesstt  tthhee  ppootteennttiiaall  pprreesseennccee  ooff  ffaauullttss  oorr  aatt  lleeaasstt  wweeaakkeenneedd  rroocckk  ttrreennddss..    
WWhhiillee  tthheerree  iiss  nnoo  eevviiddeennccee  ooff  ffaauullttiinngg  pprreesseenntt,,  iitt  iiss  wwiitthhiinn  tthhee  pprriimmaarryy  ddeeppoossiittiioonnaall  
ddiirreeccttiioonnss  aanndd  lliinneeaammeenntt  ttrreennddss  tthhaatt  ssttrruuccttuurree  mmaayy  ooccccuurr..    SSiinnccee  nnoo  ssttrroonngg  lliinneeaammeenntt  
ttrreennddss  ccrriissss--ccrroossss  tthhee  pprroojjeecctt  aarreeaa,,  oonnllyy  llooccaalliizzeedd  wweeaakk  rrooooff  rroocckk  aanndd  ccoommppaaccttiioonn  
ffrraaccttuurreess  aarree  aannttiicciippaatteedd..  

  
 



National King Coal, LLC
King II Mine

Monitoring Well Data
Field Data

National King Coal, LLC
Monitoring Well Analysis - Field Data
King II Project

1/3/05 1/26/05 2/28/05 3/17/05 4/27/05 5/24/05 6/6/05 7/31/05 8/5/05 9/6/05 10/5/05 12/2/05 3/27/06
Well #1 (Upgradient)

Time 2:20pm 2:30pm 9:35am 2:45pm 12:01pm 2:25pm 11:03am 9:45am 11:15am 9:05am 3:42pm 1:28pm 11:25am
Temp (deg. C) 7.6 7.1 6.4 8.0 8.9 10.4 12.6 14.4 14.7 14.4 14.2 9.9 8.6
pH 9.41 9.58 9.08 9.45 9.41 9.52 9.67 9.52 9.66 9.55 9.47 9.46 9.72
EC 1157 1146 1156 1159 1137 1122 1103 1134 1124 1115 1110 1125 1135
Depth to Water (inches) 41 36 32 30 26 30 34 44 49 50 52 49 46
TDS 574 579 575 576 568 560 556 550 562 560 555 566 571

Well #2 (Downgradient)

Time 2:47pm 2:05pm 9:55am 3:07pm 12:15pm 2:40pm 11:20am 10:05am 11:40am 9:22am 3:20pm 1:47pm 11:47am
Temp (deg. C) 4.7 4.0 3.9 5.3 10.5 12.1 16.4 16.1 16.5 15.4 14.1 9.8 7.2
pH 7.05 7.24 7.19 7.55 8.08 7.83 7.66 7.55 7.66 7.7 7.78 7.69 7.45
EC 1051 1057 1032 1061 1011 922 827 740 752 766 788 992 1051
Depth to Water (inches) 26 8 5 2 3 7 11 72 79 77 76 83 88
TDS 527 525 519 536 507 508 413 380 371 384 394 497 524

Hay Gulch Ditch (North of CR 120)

Time 3:15pm 2:15pm 10:10am 3:22pm 12:40pm 2:53pm 11:42am 10:23am 11:50am 9:40am 3:05pm 2:10pm 11:59am
Temp (deg. C) 1.7 3.0 1.1 8.0 10.7 11.8 12.4 15.3 14.9 14.8 17.0 2.9 6.3
pH 7.91 7.52 8.03 8.01 8.43 8.40 8.35 8.55 8.62 8.22 8.71 8.42 7.91
EC 348 373 470 369 544 473 331 370 382 383 816 840 495
Depth to Water (inches) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
TDS 174 187 236 183 272 236 169 185 191 185 410 415 251



National King Coal, LLC
King II Mine

Montitoring Well Analysis
Well #1: Upgradient

DATE
CALCIUM 

(mg/L)
IRON 
(mg/l)

Mg 
(mg/L)

Mn    
(mg/L)

SODIUM 
(mg/L)

Hardness, 
as CaCO3

Alkalinity, as 
CaCO3(mg/L)

Bicarbonate, as 
CaCO3(mg/L)

Carbonate, as 
CaCO3(mg/L)

Hydroxide, as 
CaCO3(mg/L) pH

Sulphate 
(mg/L)

T.D.S. 
(mg/L)

Temperatue 
( C)

Depth to 
Water (in.)

Conductivity: Field 
Data (µS/cm)

1/3/2005 3.6 <.05 6.8 <.005 322.0 37 690 390 300 <10 9.51 <10 585 7.6 41 1157
3/17/2005 2.9 0.23 5.5 0.005 253.0 30 620 520 100 <10 9.51 <10 620 8.0 30 1157
6/6/2005 3.1 0.08 6 0.006 248.0 32 600 520 80 <10 9.45 <10 635 12.6 34 1103
8/5/2005 2.9 0.28 7.8 0.010 234.0 39 590 410 180 <10 9.41 <10 600 14.7 49 1124
12/2/2005 2.9 0.05 7.6 0.005 232.0 39 590 410 180 <10 9.13 <10 640 9.9 49 1125
3/27/2006 2.9 0.23 7.5 0.003 245.0 38 610 610 <10 <10 9.58 <10 590 8.6 46 1135



National King Coal, LLC
King II Mine

Monitoring Well Analysis
Well #2: Downgradient

DATE
CALCIUM 

(mg/L)
IRON 
(mg/l)

Mg 
(mg/L)

Mn    
(mg/L)

SODIUM 
(mg/L)

Hardness, 
as CaCO3

Alkalinity, as 
CaCO3(mg/L)

Bicarbonate, as 
CaCO3(mg/L)

Carbonate, as 
CaCO3(mg/L)

Hydroxide, as 
CaCO3(mg/L) pH

Sulphate 
(mg/L)

T.D.S. 
(mg/L)

Temperatue 
( C)

Depth to 
Water (in.)

Conductivity: Field 
Data (µS/cm)

1/3/2005 97.3 <.05 99.3 0.377 31.9 652 405 405 <10 <10 7.81 190 505 4.7 26 1051
3/17/2005 81.4 <.05 77.5 0.372 25.4 522 376 376 <10 <10 7.70 195 625 5.3 2 1061
6/6/2005 66.2 <.05 60 0.257 23.6 412 324 324 <10 <10 7.69 126 495 16.4 11 827
8/5/2005 55.9 <.05 53.1 0.192 19.4 358 286 286 <10 <10 7.81 108 410 16.5 79 752
12/2/2005 76.4 <.05 73.2 0.189 23.4 492 362 362 <10 <10 7.52 176 610 9.8 83 992
3/27/2006 78.5 <.05 75.7 0.044 26.7 508 400 400 <10 <10 7.81 205 605 7.2 88 1051



National King Coal, LLC
King II Mine

Monitoring Well Analysis
#3: Hay Gulch Ditch

DATE
CALCIUM 

(mg/L)
IRON 
(mg/l)

Mg 
(mg/L)

Mn    
(mg/L)

SODIUM 
(mg/L)

Hardness, 
as CaCO3

Alkalinity, as 
CaCO3(mg/L)

Bicarbonate, as 
CaCO3(mg/L)

Carbonate, as 
CaCO3(mg/L)

Hydroxide, as 
CaCO3(mg/L) pH

Sulphate 
(mg/L)

T.D.S. 
(mg/L)

Temperatue 
( C)

Depth to 
Water (in.)

Conductivity: Field 
Data (µS/cm)

1/3/2005 48.4 0.05 15.6 <.005 6.1 185 103 103 <10 <10 7.93 57 45 1.7 N/A 348
3/17/2005 42.4 0.06 13.1 0.008 5.5 160 102 100 <10 <10 8.16 67 220 8.0 N/A 369
6/6/2005 36.3 0.07 14.4 0.005 6.3 150 98 96 <10 <10 8.32 62 205 12.4 N/A 331
8/5/2005 39.7 0.08 15.8 <.005 7.0 164 123 121 <10 <10 8.04 62 185 14.9 N/A 382
12/2/2005 78 0.05 44.5 0.008 21.3 378 252 240 12 <10 8.06 162 490 2.9 N/A 840
3/27/2006 48.7 0.05 21.5 0.007 9.4 210 139 133 <10 <10 8.32 96 280 6.3 N/A 495
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To GCC Energy LLC Ref # TM 2017-005-022 

CC Ecosphere Environmental Services Date March 8, 2017 

From Terry Gulliver, Landon Beck  

Subject Probable Hydrologic Consequences – King II Mine Expansion 

 

This Probable Hydrologic Consequences (PHC) is intended to be a stand-alone summary of the likely 

hydrologic impacts of the expansion of the King II Mine in Hay Gulch, near Hesperus, CO. It sketches 

the hydrologic environment as defined by baseline studies and the monitoring program which was the 

basis of that baseline definition, and which will continue to report the continuance of, or any impacts to, 

the hydrologic balance of the permit area and the vicinity.  

 

The current application for expansion is for an existing room-and-pillar coal mine into adjoining panels. 

The operator, GCC, has operated this mine and the King I Mine on the other side of Hay Gulch, in the 

same seam, for almost 20 years. This experience adds significant confidence in the understanding of 

the probable hydrologic impacts of the expansion, which is also extended by an expansion of the 

monitoring program (several new monitoring well clusters are being installed at the time of this 

application, and new data will be incorporated as addenda). It is anticipated that the new data will 

confirm earlier baseline characterization, that the potential for impacts from the King II expansion to the 

hydrology of the permit area and vicinity is not significant. 

 

The target coal is a high grade metallurgical coal in a tongue of sedimentary strata laid down by 

advance and retreat of a shoreline of the inland sea that occupied the western interior of North America 

in the Cretaceous. The wedge of shoreline sandstone (the Point Lookout Sandstone), swamps behind 

the coastal barrier (the Menefee Formation containing shales and some coals), and the overlying Cliff 

House Sandstone deposited as the shoreline receded, overly the marine Mancos Shale and underlie 

the Lewis Shale (though the Lewis is eroded away near the King mines). The gently tilted strata are 

moderately dissected in the area of interest by ephemeral drainages cut into the Menefee Formation, 

with ridges capped by the Cliff House Sandstone. King II portals are driven directly into the target “A” 

seam, off Hay Gulch and above the elevation of its alluvial valley floor. Both mines have single portal 

areas. Mining height is approximately equal to the seam thickness so there is very little waste rock, and 

what there is is presently staged with containment near the King I portal. 

 

Bedrock aquifers in the area are the lower Menefee, which contains some sandstones and coal, and 

the Point Lookout. Many domestic wells in the general area are screened across the two, to achieve 

sufficient yield of poor to acceptable water quality. There are no municipal wells in the area, nor water 

resources which would support them. The Cliff House is unsaturated in the area and there are no wells 

completed in it, though some perched water supports small transient roof inflow to the mine, and one 

seep discovered in 2015 with poor quality and a flow less than a gallon per hour, but significant to 

wildlife (seasonally it is a wallow). Both Cliff House and Point Lookout sandstones are fine grained and 

somewhat cemented, and have low permeabilities even where they are saturated. Lateral flow in the 

Cliff House from recharge at higher elevation is precluded by its long ridge cap exposure between 

steep gulches on most sides. 

 

There are no alluvial domestic wells in the area, that water having undesirably high salts 

concentrations. GCC maintains several monitoring wells in the Hay Gulch alluvium, upgradient of King I 

and downgradient of King II portals, and in between.  

 

The only surface water in the mine area is an irrigation ditch (Hay Ditch) which imports water into the 

catchment from the La Plata River to promote pasture via spreader dikes, and the single seep.  
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A branch of the Hay Gulch Ditch is routed via ditch and pipeline to furnish water to the King II mine. All 

the water use at the mine is consumed by bathhouse facilities (which have underground septic waste 

capture) and dust control. Apart from the very small occasional roof seeps there is no mine inflow, and 

the mine discharges no water. 

 

Surface facilities (buildings and work areas near the portals) are isolated by diversion ditches to capture 

sediments from storm events through the operational period. The pond is designed to contain the 

modeled sediment of nine, 25-year, 24-hour storm events. Annual inspections of the pond and residual 

capacity, and regular inspections of diversion structures, are part of the regular monitoring program. 

 

Potential hydrologic impacts of mines typically considered are diminution of groundwater resources by 

diversion, damage to existing water wells, or contamination through either mine discharge or leachates 

from waste. 

 

 There is small likelihood of diminution of groundwater. The overburden is essentially dry, and there are 
no mine inflows to date other than transient roof drips.  

 The upper Menefee containing the target coal is an aquitard, the coal itself is dry and there are no floor 
or wall seeps. Existing domestic wells source aquifers below the mine interval, and with water levels 
below the mined seam. 

 There has been no subsidence over mined panels in the past due to the competence of the Cliff House 
Sandstone roof, except that some minor cracking has been observed at surface. There are no gulches 
whose water is liable to diversion by subsidence. There will be no impacts to alluvial groundwater since 
there is no mining under alluvium (the seam is everywhere above the valley floor). 

 The mine currently discharges no water, and is unlikely to generate any leachate which will reach 
surface in the future as a gravity discharge. Mine water use will desist when operations cease. 

 Waste rock is not staged in valley fill where it might be subjected to leaching (and generation of acidity 
by oxidation of pyrite). The very small amount of waste rock generated is staged in a pile with ditch and 
sediment pond containments, and the leachate potential (and its acid/alkali generation) are currently 
being quantified by drilling and lab analyses. No acidity has been observed to date, indicating oxidation 
of pyrite is probably balanced by dissolution of calcium carbonate in the waste. 
 

A hydrology reclamation plan is currently limited to the abandonment, recontouring and vegetation of 

surface facilities such as portals, offices and maintenance buildings, and diversion ditches and the 

pond. The monitoring of groundwater and surface water will continue to the reclamation phase, and any 

adverse impacts that might occur, unforeseen, will be responded to appropriately through 

communication with the agency and approval of mitigation plans. 

 

There are no other active mining operations in the area (there were several historic small mines directly 

off upper Hay Gulch), and so the cumulative hydrologic consequences of the King II expansion in the 

catchment are also not susceptible of prediction. 
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1 OBJECTIVE 

The objective of this report is to compile, analyze and review all available hydrologic data collected in the 
Hay Gulch study area, La Plata County, Colorado, with specific focus on the potentially affected area near 
the GCC Energy (GCC) King I and II Coal Mines. 

2 INTRODUCTION 

The Hay Gulch study area is located in rural La Plata County, Colorado. The nearest town of Hesperus, CO 
has a population of approximately 2,200 people.  The area is traditional ranch land with division amongst 
private, State of Colorado, Bureau of Land Management (BLM) Ute Mountain Ute and Southern Ute land 
and mineral ownership.  A more recent subdivision of parcels for housing developments has occurred and 
is generally scattered throughout.  A location map of the area is provided as Figure 2-1.  Underground coal 
mining, specifically in the immediate Hay Gulch area and accessed by La Plata County Road 120, has been 
ongoing for approximately 120 years.  Current mining is ongoing at the King II Mine with operations 
conducted by GCC Energy LLC (GCC) at that location since 2006.  The approximate area of underground 
operations is 565 acres as of July 2015 with production of roughly 1 million tons per year.  Previously, GCC 
operated the King I underground coal mine located approximately 2 road miles to the southeast.  The King 
I mine was in operation since 1938.  Most of the coal produced at King II is transported by truck to Gallup, 
New Mexico for transfer by rail to markets in the Southwestern US and Mexico for the manufacture of 
cement.  GCC operates under regulatory authority of the Colorado Department of Reclamation, Mining 
and Safety (CDRMS) and the Mine Safety and Health and Administration (MSHA). 
 

3 REGIONAL GEOLOGY & THE COAL RESOURCE 

The study area is located at the northwest margin of the San Juan Basin, which extends from southwestern 
Colorado into northwestern New Mexico, covering an area of approximately 26,000 square miles.  This 
sedimentary basin contains rocks of Late Cretaceous age (100-65 Ma), which were deposited along the 
extreme western boundary of the very large Western Interior Seaway, a feature which essentially cut 
North America, as we know it today, into eastern and western halves.  Coal formation was prominent in 
this environment due to a series of regressive/transgressive migrations of the shoreline in a 
northeast/southwest trend.  These cycles created an inter-fingered deposition of non-marine and marine 
sediments specifically from barrier beach, marginal-shore swamps, marsh and other lower coastal-plain 
sourced sediments.  (CDRMS, 2014)  The low energy swamp and marsh environments were the coal-
forming depositional areas. 
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STRATIGRAPHY 

Exposed bedrock within the study is representative of lithologic units contained within the late Cretaceous 
age Mesaverde Group.  In order of increasing depth from land surface, these formations are the Cliff 
House Sandstone Formation (Cliff House), the Menefee Formation (Menefee) and the Point Lookout 
Sandstone Formation (Point Lookout). Quaternary age sediments are primarily present in stream channels 
or otherwise eroded areas as fluvial and colluvial deposits including clays, silts, sands and gravels. Some 
glacial outwash material has been observed in isolated areas.  (Consulting & Coal Services, 1995). Figure 
3-1 shows the geologic mapping that has been conducted regionally.  Figure 3-2 shows the relevant 
stratigraphy of the study area.  

Cliff House Sandstone Formation 
The Cliff House is the youngest and uppermost formation in the study area and therefore dominates the 
surface exposure.  The thickness averages 350 feet within the study area and is dissected by drainages 
originating from mesa tops.  The Cliff House is of marine origin and is characterized by lenticular ledges of 
hard, fine to medium-grained, calcareous sandstone in a matrix of softer, clayey sandstones, silty shales 
and mudstones.  This formation thins to the east and transitions to finer-grain rock.  (CDRMS, 2014) 

Menefee Formation 
The Menefee is a non-marine assemblage of sandstones, shales, siltstones and coals.  This formation thins 
at the eastern and western margins of the study area, and is generally observed to have irregular bedding 
and rapid lateral transitions in lithology.  The thickness within study area is approximately 300 feet.  No 
true marker bed identifies the contact between the overlying Cliff House and the Menefee (Consulting & 
Coal Services, 1995).  The coal seams of interest to the Hay Gulch study area are contained within the 
Menefee.  Up to seven coal seams have been documented by the US Geological Survey (CDRMS, 2014). 
However two seams, the “A” and “B”, are the most substantially characterized by previous studies, due 
to the exploration focus on these seams for their preferred thickness, quality and consistency to the 
remaining seams.   

Point Lookout Formation 
The Point Lookout is the lowermost formation of the Mesaverde Group and is divided into two members.  
The upper member is characterized by homogenous, massive, thick medium-grained sandstone.  The basal 
member consists of thin sandstone beds interbedded with shale.  This lower member thickens to the east 
(seaward), while the upper member thins to the west (landward).  In the study area, the Point Lookout 
averages a total thickness of 400 feet, with the upper member approximately 100 feet thick and the lower 
member about 300 feet thick.  (CDRMS, 2014) 
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DEPOSITION 

The depositional environment during the formation of the San Juan Basin was created by a condition of 
shoreline fluctuations due to local erosion events and the general rise and fall of the Western Interior 
Seaway.  Numerous studies document the depositional trends of the San Juan Basin, with particular focus 
on the Mesaverde Group and coal formation.  These studies include Beaumont, 1971; Johnson, 1981; 
Consulting & Coal Services, Inc. 1995; CDRMS, 2014.  Historical shorelines created linear trends where 
thick deposits of peat could accumulate behind barrier beach sands.  This environment was characterized 
as low energy and is evidenced by the presence of deposits of adequate peat thickness necessary to 
eventually form coal.  The result was lenticular coal deposits that formed with their long axis parallel to 
the shoreline.  Despite the general low energy environment of deposition, major drainages cross-cut the 
peat accumulation in a general perpendicular direction, as rivers and streams generally flow perpendicular 
to the shoreline.  In the study area, these drainages are oriented in a northeast/southwest trend, which 
continues to persist in present day...  Erosion caused by these cross-cutting drainages led to localized 
sediment deposition features including deltas, estuaries and open lagoons.  This Cretaceous age drainage 
pattern is important to the Menefee coal formation as it caused non-deposition, partial and total coal cut-
outs as well as splitting and thinning of seams. 

Sandstone observed immediately above the “A” seam, the uppermost Menefee coal seam, exhibits ripple-
mark bedding features with some thin laminations of coal.  Ripple-marks found in non-marine 
environments could have been caused when stream beds became choked with sediment resulting in 
braided conditions.  Consulting & Coal Services, 1995, suggests that this abundance of sediment could 
have been introduced by increased mountain building activity at that time.  However, braided stream 
channels are generally low energy and the slow, gentle deposition of these sediments seems to have 
preserved much of the peat accumulation, observed in present day as the “A” seam.   

Similar interpretations were made with regard to the formation of the “B” seam, although its poor lateral 
continuity suggests even more interruptions in peat deposition by increased sediment loading of local 
drainage systems.  Characteristics of the “B” seam roof rock suggest a more dynamic burial and deposition 
of the “B” seam swamp than the “A” seam swamp.  Additionally the discontinuous “B” seam may reflect 
the relatively weaker depositional platform (i.e. the foundation upon which it settled).  Major structures 
dominating the paleotopography of the Point Lookout likely compromised the ability for the “B” seam 
swamp sediments to uniformly compact, causing what is observed in present day as seam splits, thinning 
and disappearance.  Channel sands appear to have settled in these low areas surrounding the “B” seam 
deposits, resulting in the observed fluvial sandstones. 

Overall, this dynamic depositional environment created the lateral discontinuities in rock type and 
characteristics observed in outcrop and drill hole data of the Menefee Formation.  In order to fully 
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evaluate the coal production potential and assess the risks associated with exploration and mining of the 
study area, a depositional model was prepared, in part for the support of the mine permit (CDRMS, 2014) 
which is used as a predictive tool for best practice mine planning.  This model is based on a wealth of drill 
hole, core hole and mined coal data held by GCC.  The model defines the coal into “A” and “B” seam pods, 
with focus on the “A” seam pod.  The “A” seam pod averages a thickness of 9.9 feet with a range of 7.9 to 
11.7 feet and is the current mined interval at King II. 

The Cliff House represents the greater roof sequence of the subject coals in the study area.  As discussed 
previously, the Cliff House is a very uniform and thick sandstone.  The interburden between the Cliff House 
and the “A” seam is a series of thin interbedded silty sandstones and shales. (CDRMS, 2014)  The 
deposition of the Cliff House signals the change from a lower energy transitional depositional environment 
to a higher energy marine depositional environment. 

STRUCTURE 

The study area has been impacted by numerous structural trends in the Four Corners area as documented 
by Baars and Stevenson, 1981, but dominated by the uplift of the La Plata and greater San Juan Mountains 
to the north.  As a result, the bedding in the Mesaverde Group and the coals in particular dip at 2-3 degrees 
to the south/southwest.  With respect to faulting in the study area, CDRMS, 2014 indicates “It is highly 
probable that faulting is present in the region surrounding the project area, however the results (core 
descriptions, geophysical logs and structure map) of drilling both the mine and project areas have not 
revealed the presence of any significant faults (>30 feet displacement).” 

HISTORICAL COAL MINING IN HAY GULCH 

Coal mining in the Hesperus and Hay Gulch area has been ongoing for the last 120 years with the earliest 
mine, Hesperus Coal Mine, beginning operations in 1892.  The bulk of historical mining activity occurred 
between the 1920s and 1970s, providing coal for domestic use.   King Coal Mine (King I) opened in 1936 
and was the last mine in Hay Gulch to close (2007), as the owner GCC moved operations one mile 
west/northwest to what is now the King II mine.  La Plata County’s first coal mines were small 
independent, unregulated operations, drift mining hillside exposures and eventually developing 
underground shafts.  Table 3-1 provides the dates of operation and available information on these mining 
operations.  Figure 3-3 shows the location of these historical coal mines and their proximity to the King I 
and II mines. 
 
At the King I mine, resources from both the “A” and “B” seams were mined.  Information related to 
historical mining at the King I mine is limited and the naming conventions used for the seams have varied 
over the years, and from mine to mine.  However, based on the known coal resources of the Hay Gulch 
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area, the remaining mines were likely extracting from the “A”, and/or “B” seams.  It is possible that some 
of the thinner and deeper seams may have been targeted if proven to be economic at those specific 
locations.  As of 2016, the only coal bed being mined in the Hay Gulch area is the “A” seam. 
 

4 REGIONAL HYDROGEOLOGY AND GEOCHEMICAL PROCESSES 

To properly frame the hydrogeology and geochemical processes of the King I and II Mine study area, 
background information regarding the recorded climate data is presented as Table 4-1.  The study area is 
characterized as a high desert with a fairly large daily temperature variance, low precipitation and very 
low humidity.  The area surrounding the study area is mountainous, with an elevation range of 
approximately 5,000 feet above mean sea level to the south of the study area and over 13,000 feet in the 
La Plata Mountains to the north of the town of Hesperus.   

SURFACE WATER 

Surface water in the study area, and specifically the vicinity of the King I and II mines, is very limited.  No 
perennial streams or otherwise natural bodies of water exist in the Hay Gulch watershed, a tributary to 
the La Plata River. The meandering distance of Hay Gulch from the portal of the King I Mine to the 
confluence of the La Plata River is approximately 9 miles.  Just upstream of the confluence is Mormon 
Reservoir, an approximate 26 acre reservoir constructed in 1910 for irrigation water.  The approximate 
capacity is 1100 acre-feet and it is a stock holder-owned project.  (Seyfarth, 2010)  The shortest direct 
distance from the King I Mine underground workings to the La Plata River is approximately 1.5 miles, but 
this distance crosses a topographic high that represents the Hay Gulch surface watershed boundary to the 
east.  Pine Gulch and Rattlesnake Gulch are ephemeral drainages that cross above the King I Mine 
underground workings but are tributary to Hay Gulch.  Figure 4-1 shows the surface water features within 
the study area. 

The Hay Gulch Ditch is routed from the La Plata River at Hesperus, CO to the area on the mesa east of Hay 
Gulch.  From there it splits to go down into Hay Gulch with a lateral feature called Huntington Ditch which 
continues south approximately one mile and then turns west across the mesa crossing over the King I 
mine.  The Huntington Ditch continues westward beyond the King I mine workings to a small pond that 
drains toward the Huntington Pipeline.  The pipeline was installed in the late 1980’s or early 1990s.  As a 
precaution, GCC lined a section of the ditch, just west of the pond, in an area which had been mined at 
depth.  The ditch runs year-round and continues westward to just south of King II surface facilities, where 
it drops off the hill and feeds ranch property below. (Bird, 2016) 
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Approximately 14.07 acre-feet of water is acquired by GCC from the Ditch each year for mining dust 
suppression and bath house facility operations.  The water is purchased from a commercial water provider 
in accordance with the Colorado District Court Water Division 7 (Decree 07W100, April 20, 2011).  The 
purpose and fate of the water used within the mine is discussed in Section 6, however, it is important to 
note here that no water is discharged out of the mine onto the ground surface. 

The contribution of groundwater to surface water is expected to be low, temporary and possibly only 
occurring during excessively high precipitation years.  This follows the general principle that in arid 
climates, surface water feeds groundwater systems.  This topic is discussed in more detail in the following 
sections regarding interconnection of surface water, alluvial groundwater and bedrock groundwater.   

Because of the arid climate and lack of perennial streams, natural surface water in the study area is 
therefore limited to stormwater runoff.  Winter and spring snowmelt as well as flash flooding resulting 
from thunderstorms feed the receiving drainages during these events.  La Plata County maintains 
hydrologic structures such as ditches, culverts and headwalls along the County roads within the study area 
to control and minimize effects of stormwater runoff.  GCC also maintains engineered stormwater 
diversion and collection structures including ditches, culverts, retention basins within King I and II Mine 
permit areas.  These structures are in part required to meet standards for a facility wastewater discharge 
permit by Colorado Department of Public Health and Environment (CDPHE).  This permit addresses 
effluent and stormwater discharges, and imposes significant monitoring, inspection, and maintenance 
requirements.   

Surface water quality data for the area is very limited, due to the infrequent flow. Hay Gulch Ditch is an 
irrigation ditch with some spreader dikes following the valley floor, gaining considerably during storm 
events from side tributaries such as Pine Gulch.  The ditch effectively empties into Mormon Reservoir at 
a distance approximately 9 miles below the King I Mine. Only one water sample analysis from 1975 is 
available from the Mormon Reservoir, and quarterly compliance samples are collected from the Hay Gulch 
Ditch. Water quality data from the Mormon Reservoir sample and average water quality data from Hay 
Gulch Ditch were compared to alluvial groundwater composition, as represented by samples collected 
from the Wiltze well and alluvial GCC Well #2 Downgradient, and presented in Figure 4-2... Water quality 
in the Merman Reservoir appears to be most similar to the alluvial groundwater composition exhibited in 
the Wiltze well, with additional evapoconcentration processes affecting the composition of Mormon 
Reservoir. Both the Wiltze well and Mormon Reservoir appear to have some chloride, showing as the 
difference between sum of major ions (except chloride) and TDS.  Water quality in the alluvial GCC Well 
#2 Downgradient also indicates relatively low solute groundwater... Results of the Hay Gulch Ditch 
indicate relatively dilute, fresh water from the La Plata River. It is discussed in Section 4 how salinity varies 
in the Hay Gulch alluvial aquifer, and potential sources of increased sulfate and TDS observed in the Wiltze 
well. 
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Figure 4-3 shows the range of salinity values (as TDS) in Hay Gulch Ditch between 2005 and 2015. Salinity 
does not appear to vary seasonally in the Hay Gulch Ditch.  
 

GROUNDWATER 

Groundwater in the study area generally exists in shallow alluvial aquifers and deep bedrock aquifers.  
Very limited groundwater may occur in perched intervals near-surface (‹300 feet below ground surface) 
above the topographical high mesa areas.  An aquifer is defined by Fetter, 1994 as “Rock or sediment in a 
formation, group of formations, or part of a formation that is saturated and sufficiently permeable to 
transmit economic quantities of water to wells and springs.”  Generalized cross-sections based on GCC 
core hole data and best available DWR Well Construction and Test Reports have been prepared for this 
study along two transects as shown in Figure 4-4.  The cross-sections are presented as Figures 4-5 and 4-
6. 

Alluvial Groundwater 
Alluvial groundwater is present in the unconsolidated sediments that fill topographic lows either 
coinciding with active perennial stream systems or ephemeral stream systems.  These alluvial sediments 
are themselves a stream of eroded solids, which are mostly composed of fine sand from the Mesaverde 
sandstones and silt and clay from the shales.  Alluvium in the upper reaches of drainages typically are not 
saturated, whereas the lower reaches of drainages, such as Hay Gulch, are saturated with seasonal 
fluctuations in the water table from near surface (spring) to greater than 6 feet below ground surface (fall-
winter). Alluvial aquifers in the study area are not known to have any substantial or extensive clay cover 
(loess), as would be present in recent glaciated terrains, and are therefore characterized as unconfined.  

The presence and character of alluvial groundwater in the study area is documented in publically available 
well construction reports for domestic or commercial installations or facility monitoring wells.  An 
extensive inventory of these wells has been compiled for review in this study; the locations are indicated 
on Figure 4-7.  The La Plata River alluvial aquifer at the eastern margin of the study area is very productive 
with hundreds of permitted domestic water wells that Colorado Division of Water Resources (CDWR) Well 
Construction and Test Reports indicate yields up to 65 gallons per minute (gpm).  Similar records for the 
domestic water wells in the Cherry Creek alluvium, which forms the western boundary of the study area, 
indicate yields up to 30 gpm.  In contrast, the ephemeral drainage alluvium throughout the study area has 
been developed for groundwater resources to a much lesser extent, which could be for several reasons.  
First, these are not densely populated areas so demand for groundwater is relatively low.  Second, the 
water quality of these alluvial aquifers may be known locally to be poor (high sulfate concentration affects 
taste and is emetic).  Third, yield may be low because of the presence of clay, and a short saturated 
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interval.  Finally, alluvial water is tributary to the over-appropriated La Plata River and new permits are 
unlikely to be issued. 

The Hay Gulch alluvial aquifer contains three wells utilized by GCC as groundwater compliance monitoring 
locations.  While no formal DWR Well Construction and Test Reports exist for these wells it is known that 
the well depths are up to 20 feet below ground surface, and therefore indicating an alluvium thickness of 
at least 20 feet in in those locations.  The quarterly measured water level at these locations is within ten 
feet of ground surface.  A hydrograph of these alluvial groundwater levels, measured quarterly, for the 
period of record is presented as Figure 4-8, plotting groundwater elevation (ftamsl) versus time.  Records 
of six hand-dug alluvial wells, located downgradient from the King II mine in the southern reach of Hay 
Gulch, were found during the DWR Well Construction and Test Report review.  These wells were 
constructed as early as 1924 and range in depth from 13 to 35 feet. No formal aquifer tests, such as 
pumping tests or slug tests, are known to have been conducted at any of these wells in order to estimate 
hydraulic conductivity or specific storage parameters.  No records of informal well tests to calculate 
specific capacity appear to exist.  Water quality in these hand-dug alluvial wells is considered suitable for 
stock or drinking water in places (near the King II surface facilities, for instance), but contains high sulfate 
in other locations (for instance near the King I portal) 

Along the western margin of the current King II underground workings, East Alkali Gulch alluvium appears 
to have spatially limited saturation as only one DWR-permitted water well (#268168) has been 
successfully completed in gravel to 100 feet depth. However, another DWR-permitted water well 
(#268278), located approximately 675 feet downgradient, was dry through the alluvium and was 
completed in the underlying Menefee Formation shale.  This pair of wells could be useful for further study 
to gain a better understanding of any possible alluvium/bedrock interconnection with the Menefee 
Formation.   

The named and unnamed ephemeral drainages that make up East and West Roberts Canyon to the east 
of proposed King II workings do not have any reported DWR water wells. Therefore, the presence and 
extent of alluvial saturation is unknown.   

The Wiltze well, GCC Well#1 Upgradient, and GCC Well#2 Downgradient wells are completed in Hay Gulch 
alluvium, with the Wiltze well located near the portal of the King I Mine,  GCC Well#2 (as it will be 
abbreviated here) located near the King II surface facilities, and GCC Well#1 Upgradient located 
approximately halfway between. It was noted above that there is significant variability in the TDS of the 
GCC Well#2, and that the Wiltze well exhibits a much higher TDS than the other two wells, however it is 
declining with time. Some of the variability in the GCC Well#2 may be due to dilution by runoff off the 
ridge overlying the King I Mine. The high TDS observed in the Wiltze well may potentially be related to the 
mine spoil pile located upstream of the well, or anywhere along the reach from King I Mine (which opened 
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in 1938) to the head of Hay Gulch. The Wiltze data shown in Figure 4-9 are only those analyses for which 
there was a “full” analytical suite, which was initiated in 2011, five years after the King II Mine was opened.  
Sampling of this well began in February of 1982, when TDS was reported at 2,130 mg/L and sulfate at 
1,160 mg/L. It can be seen in Figure 4-9 that TDS and sulfate have decreased almost 50% over the longer 
period, and continue to decline. 
 
The velocity of a potential solute plume (of a conservative, not readily adsorbed constituent such as 
sulfate) in the alluvium may be estimated by Darcy’s law, which states bulk velocity = hydraulic gradient 
times hydraulic conductivity (q = i x K), and pore velocity is the bulk velocity divided by porosity (since 
water flows only in the pores, not the whole medium; this leads to v = i x K/n). Hydraulic gradient (i) is 
approximately equal to the valley floor slope, or 10 ft per mile. Porosity (n) may be assumed to be 0.3, 
and hydraulic conductivity (K) somewhere between 5 and 10 ft/day (given it is largely fine to medium-
grained sand derived from Mesaverde sandstones with some clay from shales). This gives a pore velocity 
of 23 feet per year (at the higher conductivity value), or one mile in 230 years. It is about 10,000 feet from 
King I to King II portals (GCC Well#1 to GCC Well#2), which the groundwater would cross in about 500 
years. Given the climatological record inferred from tree rings (Funkhouser et al, 2002), it is likely that 
strong variations in salinity should occur in alluvial water over this distance. Such variation would be partly 
stratified and partly piston pulses. There is almost no information available to assess such variability, 
except that the climatological variation does propose a possible natural cause for the variation in salinity 
shown below, and suggest a need for further study to identify the source of the increased sulfate and TDS 
observed in this well. 
 
Figures 4-10 through 4-12 show the major ion composition of the three alluvial wells in stacked bars, with 
TDS and pH presented as line plots. TDS values should exceed the sum of the major ions represented, 
however TDS does not match the sum of constituents in some cases because parameters potassium and 
chloride were not analyzed. On the plots showing GCC Well#1 and GCC Well#2 ,the TDS is close to the sum 
of major ions in most samples, indicating there is not much potassium or chloride present, and the 
difference between TDS and the bar sums is an indicator of data precision (adequate). On the Wiltze plot, 
the TDS value is always greater than the bar sum, suggesting there is some chloride present. The missing 
analytes make trilinear plots of [Ca-Mg-(K+Na)] and [HCO3-SO4-Cl] impractical, however the comparison 
of TDS and sum of the analyzed ions show K and Cl are minor. 
 
The highest sulfate levels in the alluvium may make the water mildly emetic but do not disqualify it as 
drinking water. 
 
Few trace elements have been analyzed in alluvial groundwater of Hay Gulch, but manganese has been, 
as a constituent of common concern in coal region waters. The range of manganese concentrations in all 
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samples from the three alluvial wells, GCC Well#1, GCC Well#2 and Wiltze, are shown in Figure 4-13. 
Results reported as less than detection limits are represented as zero in this plot. Figure 4-13 shows that 
a single sample was reported with 2.5 mg/L dissolved manganese, and most were less than 1 mg/L. Health 
effects from manganese in drinking water are a concern at concentrations higher than 0.5 mg/L. 

Bedrock Groundwater 
The discussion of bedrock groundwater in this section is organized by geologic formations as presented in 
Section 3, and is based on data collected from wells located to the south of the coal properties. In fact, 
there are no known saturated aquifers or domestic wells in the coal leases area.  The limited number of 
bedrock groundwater studies within the study area completed to date do not allow for a detailed 
delineation of the hydrostratigraphy at this time.  While GCC holds a large body of detailed geologic 
information, the data collection is for the purposes of coal resource evaluation. The exploration boreholes 
extend through the mining target “A” and “B” coal seams, however this interval has been demonstrated 
to be dry with no aquifers intercepted.  The domestic water wells in the area are completed in such a 
manner that very large intervals, many greater than 400 feet in length, are open to any and all water-
bearing intervals in order to contribute a maximum yield.  This well completion methodology, while 
serving the well owner’s primary interest, generally does not allow for definitive correlation of 
hydrostratigraphic units from well to well.   

CLIFF HOUSE SANDSTONE FORMATION 

The Cliff House is known regionally to be an aquifer with wells reportedly producing as much as 17 gpm 
with an average closer to 10 gpm.  Estimated transmissivity values are on the order of 2 ft2/day. (Brooks, 
1985).  However, this is not the case in the study area, primarily due to the position of this formation with 
respect to the deeply incised drainage patterns.  The northeast/southwest drainage pattern follows the 
paleotopography discussed in the Section 3.  The erosional processes creating these drainages has 
effectively isolated the Cliff House into elongated, lobed geometric bodies which lack the ability to develop 
into an aquifer.  These topographic features, locally referred to as mesas, generally range from ½ to 1 mile 
in width and several miles long.  In the northern part of the study area, generally north of Hay Gulch and 
in the several mile vicinity of the King II mine, these Cliff House structural bodies are isolated on all sides 
with outcrop exposures including at the northern side of Hay Gulch.  The outcrops are sufficiently above 
the drainage areas where potential alluvium saturation could act as an effective recharge area.  In the 
southern portion of the study area, inclusive of the King I mine and several miles south and southwest, 
the incised nature of the Cliff House is similar but the mesas are wider at approximately 1.5 miles.  Some 
perched water bearing intervals have been identified during GCC mining operations.  These water bearing 
intervals have presented as minor leakage at the roof, with drainage on the order of several gallons lasting 
several minutes. (Bird. 2015)  Geological mapping shown in Figure 3-1 demonstrates that the local 
terminus of any potential Cliff House groundwater is the Quaternary La Plata River alluvium.  The Cliff 
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House mesa tops typically have five or more feet of soil cover, based on review of drilling reports for this 
study, and are otherwise at least moderately vegetated.  The combination of the arid climate with high 
potential evapotranspiration substantially limits the capacity for deep precipitation infiltration.  Further 
analysis of available data to support the conclusion that the Cliff House does not represent an aquifer in 
the study area is presented in Section 6 of this report.  No ground water chemistry data is known to exist 
that is relevant to the study area.  

MENEFEE FORMATION 

Regionally, the lower Menefee is known to be an aquifer with well yields as much as 15 gpm.  Estimated 
transmissivity is 50 ft2/day or less. (Brooks, 1985).  This possibly includes the local study area, however 
the domestic well completion methods generally prevent a true interpretation of the host formation 
where intercepted water bearing intervals occur.  It is possible that the specific water bearing intervals 
producing in these wells may be coming from the upper Point Lookout.  No formal aquifer tests such as 
pumping tests or slug tests are known to have been conducted within the study area in order to estimate 
parameters such hydraulic conductivity or specific storage.  No records of informal well tests to calculate 
specific capacity appear to exist.  Data has been collected and interpreted from aquifer testing in the 
Menefee in Durango, CO at the former Uranium Mill Tailings Reclamation Act (UMTRA) site during several 
waste characterization projects.  This will be discussed in the Section 6. 

However it is important to note that the upper Menefee, the interval targeted in the study area for coal 
mining is not known locally or regionally to be an aquifer.  This interval is known locally to be unsaturated 
based on the review of extensive exploration drilling and mining regulator reports of this interval. (GCC 
Permit 2015, Johnson 1981, Consulting & Coal Services, 1995)  The lower Menefee is considered an aquifer 
in some areas, generally in the southern portion of the study area as the formation deepens with the 
regional 2-3 degree dip of the Mesaverde Group.  This interpretation is based on comparison of detailed 
geologic information from GCC logs against DWR Well Construction and Test Reports.  Coal seams, 
especially in the arid western US, are often aquifers where permeability is conferred by cleat (fracture) 
sets, whereas shales and cemented sandstones in the coal-bearing sequence are commonly low yield, 
with low water quality because of long residence times (see for instance Robson and Stewart, 1990) 

In the northern part of the study area, there are areas where the upper Menefee outcrops, exposing the 
“A” seam.  To the far north in the study area, substantial outcrops are the primary groundwater recharge 
areas for the lower Menefee.  The upper Menefee has been incised in the same manner as described for 
the Cliff House, but to a slightly lesser extent as it lies stratigraphically below the Cliff House so exhibits 
less outcropping exposure.  It is assumed that ground water flow in the Menefee is in the general 
directions of dip to the south.  The character of the upper Menefee incisions by the numerous drainages 
appear to create the framework for the “A” seam to have limited groundwater potential.  In the immediate 
vicinity of the King II Mine, the “A” seam is generally exposed on all three down or cross-gradient sides 
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creating what would be discharge zones rather than recharge zones.  Figure 3-1 shows the erosion-
pinched upper Menefee that is present and has prevented any substantial ground water flow towards the 
current King II mine area from the north.  No springs or seeps from the Menefee are known to occur in 
this location indicating that it is unlikely that any groundwater is present in the upper Menefee in this 
area.  As with the Cliff House in this area, the “A” seam outcrop of the Menefee is above the drainage 
bottoms where alluvial groundwater could contribute to recharge.  Because the Cliff House contains 
minimal groundwater and does not bear any aquifers in this area, any vertical infiltration from the Cliff 
House to the Menefee is insignificant.  The presence of very minimal perched mine roof drainage 
discussed above corroborates this.  The upper Menefee and “A” seam outcrops at Hay Gulch, however no 
springs or seeps have been identified to suggest groundwater discharge to the Hay Gulch alluvium.  The 
“A” seam outcrop is presented in numerous figures in this study beginning with Figure 3-3.  Areas of 
Menefee surface exposure in Hay Gulch, East Alkali Gulch and the multiple drainages of Roberts Canyon 
are all potential recharge areas, especially given they are in part overlain by alluvium or colluvium. 
However, given the upper Menefee is known to have low hydraulic conductivity, the likelihood for 
significant recharge is low.  As discussed in the previous alluvial groundwater section, further study of the 
East Alkali Gulch adjacent water wells, one completed in the alluvium and one in the immediately 
underlying upper Menefee formation, may help with this assessment. 

In the southern area of the study area, the upper Menefee outcrops along the south side of Hay Gulch 
along the row of historical coal mines including King I.  This is presented in Figure 3-3.  The “A” seam is 
located above the Hay Gulch alluvium and therefore recharge potential from groundwater is limited to 
the west where the “A” seam outcrop dives below ground surface.  Extensive drilling data compiled by 
GCC south of Hay Gulch for King I coal exploration of the “A” seam and the “B” seam approximately 80 
feet below ground surface encountered no ground water (Consulting & Coal Services, 1995).  South of 
King I, numerous domestic water wells were identified for this study through DWR Well Construction and 
Test Reports.  As discussed previously, these records have limited utility because of the long completion 
interval, effectively co-mingling any and all water bearing intervals intercepted by the borehole.  Detailed 
geologic cuttings descriptions and/or geophysical logs were not completed and therefore a definitive 
correlation of the coals from the GCC records to the DWR records is not possible.  

Limited bedrock groundwater chemistry data exists that is relevant to the study area, including domestic 
well installations in the Vista del Oro subdivision west and southwest of King II in the study area (CDS, 
2013), and a 1983 USGS sampling program investigating domestic wells over a broader regional area 
(Brooks, 1985). Menefee bedrock groundwater analytical data are available from multiple samples of the 
Haugen well, as well as one-time samples from a number of other domestic wells. 
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The Haugen well is located near the confluence of Pine and Hay Gulches. The other domestic wells and 
USGS sample points are all within T34N and 35N, R 11W and 12W. All of these wells are completed in coal 
bearing strata of the Mesaverde Group, and all of the wells for which completion data are available include 
coal seams in their open intervals. . 
 
Bar plots of water quality are given in Figures 4-15 and 4-16, the first plot provides data for those wells 
with only a single analysis and the second plot provides data for the Haugen well with a number of 
analyses. The TDS - should be slightly higher than the sum of the major ions, and the DWR permit #251673 
well analysis indicates an inconsistency in the dataset. Three of these wells show relatively high sulfate 
concentrations, while two wells show very low sulfate which might suggest reduction to sulfide (and 
presence of hydrogen sulfide in the well). Further data collection would be needed to confirm the 
presence of any reduced sulfur species in the wells where low sulfate content was observed. 
 
Data in the Haugen well analyses, shown in Figure 4-16, suggest a couple of years of purging was necessary 
to clear up drilling fluid residual, evidenced by a decline in TDS and minor sulfate, an stabilizing as a sodium 
bicarbonate water with a pH near 8.  
 
USGS data from the “NBO” series of wells has apparent missing pH values for many samples, and TDS 
values highlight data inconsistencies (6th well presented from the left in Figure 4-17).  Groundwater data 
collected from the “NBO” series of wells indicates low sulfate, with the other constituent values consistent 
with the sodium bicarbonate groundwater observed in other Mesaverde wells, indicative of groundwater 
that has not been impacted by mining activities. . 
 
Trace element analysis of groundwater samples was incorporated in the USGS sampling of the NBO wells. 
These analytes are used to establish a chemical fingerprint of each groundwater and determine the 
geochemical processes affecting groundwater quality at depth.   
 
Figure 4-18 includes trace element analyses for 40 NBO samples reported by USGS within six townships 
centered on Hay Gulch. Analytical results reported less than detectable are represented in these figures 
as zero (the first “bin”. The constituents shown include arsenic (As), fluoride (F), selenium (Se) and silica 
(SiO2), which are likely to represent natural ranges of these constituents in Mesaverde groundwater, and 
copper, which may not. Arsenic and selenium are likely to originate from sulfides (pyrite) oxidation but 
migrate on different geochemical trajectories and concentrations do not correlate directly with sulfate or 
one another. Fluoride is likely to be a significant impurity in Ca-Mg carbonates in Mesaverde sandstone. 
Silica concentration tends to correlate with depth since its solubility is primarily controlled by 
temperature, and it has a roughly normal distribution for the range of well depths; all other trace elements 
represented are biased toward the detection limit. Copper, lead and iron (the latter two not shown) are 
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probably due to the plumbing systems in domestic wells from which samples were taken, and are 
scattered and do not correlate with any other water quality parameter. 
 
While the distributions of trace elements represented in Figure 4-18, and major ions in Figure 4-15 through 
Figure 4-17, show a range of constituents that may be expected in wells completed in the Mesaverde 
strata in this area, they do not indicate any mining impacts. The mining activity in this area has occurred 
in dry seams isolated from lenses of overburden water and confined underburden formation water, and 
there is no discharge of mine supply water (applied for dust control) to any surface or groundwater body. 
The data shown here represent the variability in water quality in bedrock wells due to natural interactions 
of infiltrating water with bedrock and some perturbations due to imperfect well completions, particularly 
wells intersecting coals and allowing communication between aquifers of different character. 

POINT LOOKOUT SANDSTONE FORMATION 

The Point Lookout Sandstone Formation is known to be a fairly productive aquifer where extensively 
fractured in the upper homogenous, massive, medium-grained sandstone.  The basal Point Lookout has 
low porosity and permeability and is not considered an aquifer (Johnson, 1981).  Transmissivity has been 
reported 240 ft2/day in New Mexico (Brooks, 1985).  As with the alluvium, Cliff House and Menefee, no 
aquifer testing has been conducted in the study area to determine the basic aquifer coefficients of 
hydraulic conductivity and storage. 

The Point Lookout only outcrops in the extreme northern part of the study area.  The geologic mapping in 
Figure 3-1 shows the areas of outcrop which are expected to be the groundwater recharge areas.  The 2-
3 degree dip of bedding generally to the south to a depth that coincides with many reported domestic 
water well DWR records.  It is likely that many or most of the deep bedrock water wells in the study are 
drawing water from the Point Lookout aquifer.  Additionally, it is possible that the upper Point Lookout 
aquifer is hydraulically connected with the sandstones, siltstones and shales present in lower Menefee.  
Geologic log data recorded on DWR Well Construction and Test Reports typically do not distinguish this 
formation contact. 

While Point Lookout wells are difficult to distinguish from DWR well report geologic log data, produced 
water would be expected to have high salinity (from long residence times and cement-reduced 
permeability) and high sulfate and chloride concentrations.  

5 REVIEW OF GCC HYDROLOGIC MONITORING – CURRENT & PROPOSED 

OVERVIEW 

GCC is required by CDRMS to collect specific water quality samples for field parameters as well as 
submittal to an accredited analytical laboratory for water quality analysis on a quarterly basis for 
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compliance with their CDRMS mining permits for the King I and II Mines.  This list of parameters is 
presented in Table 5-1.  Currently, the monitoring program includes the following locations: 
 
• Hay Gulch Ditch (Downgradient of King II surface facility entrance on CR 120 
• King II Upgradient #1 Monitoring Well (aka Ute Mountain Ute, Permit #210372) 
• King II Downgradient #2 Monitoring Well (aka National King Coal LLC, Permit #262656) 
• King I Downgradient Monitoring Well (aka Wiltze, unpermitted) 
 
Review of the King II hydrologic monitoring programs by GCC, CDRMS, the Office of Surface Mining, 
Reclamation and Enforcement (OSMRE), Bureau of Land Management (BLM), La Plata County (LPC) and 
concerned citizen groups has occurred over the last several years.  There are two main reasons for this 
review; the determination by LPC that a Class II Land Use Permit is required for continued operation of 
the King II Mine, and second, GCC’s pursuit of a Federal Coal Lease Modification for an expansion of 
underground mining operations in order to extend the life of mine.  The latter is subject to preparation 
and approval of an Environmental Assessment (EA) by the BLM.  This review process has determined need 
for a full review and analysis of existing hydrologic data for the affected area which is the purpose of this 
study.  Additionally, new or enhanced hydrologic data collection has been proposed by GCC to further the 
understanding of potential impacts from mining operations.  At this time, GCC has initiated expansion of 
hydrologic monitoring to include installation of bedrock monitoring wells, the inventory and survey of 
King II area springs and seeps, and the addition of an upstream Hay Gulch Ditch surface water monitoring 
station.  These locations, some still proposed, are displayed in Figure 5-1. 

BEDROCK MONITORING WELLS 

As a result of GCC and their predecessor’s dry mining operations of the “A” and “B” seam coals in the 
Upper Menefee at the King I and II Mine locations since 1938, bedrock groundwater monitoring was not 
considered either a requirement for operations’ best management practices or for CDRMS permit 
compliance.  As discussed in the previous Bedrock Groundwater Section, substantial Hay Gulch area 
exploration drilling of the minable coals in the upper Menefee, including drilling below the “A” seam by 
125 feet at many locations in the 1998 drilling program focused around what became King II, never 
encountered groundwater from ground surface to total depth. (Korte, 2015)  This experience previously 
supported GCC and regulatory acceptance that bedrock groundwater monitoring was not necessary. 
 
Recent attention to GCC mining operations in Hay Gulch has led to GCC support of the installation of 
bedrock groundwater monitoring wells at four new locations.  At this time, final well designs are in the 
approval stage with CDRMS and the surface landowner agreements for the proposed locations are in 
negotiation.  Each of the four locations will have three wells spaced approximately 20 feet apart, with the 
sites referred to as clustered monitoring well locations.  Each well will be drilled with no water added (dry 
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drilling methodology) and have the cuttings logged by a qualified geologist or hydrogeologist, with 
wireline coring of any or all of the holes at GCC’s discretion.  Each open borehole will be geophysically 
logged for caliper, gamma, and bulk density, ahead of well installation.  The wells will be installed by 
industry environmental monitoring well standard practices, which include strict prevention of cross-
contamination of well construction materials and the equipment and personnel involved in installation.  
These standards also include onsite oversight by a qualified hydrogeologist to ensure that the completion 
intervals are properly isolated to the discrete hydrostratigraphic targets as follows:  
• Cliff House – entire formation from DWR required surface casing at 19 feet depth to base 
• “A” seam – discrete “A” seam coal completion 
• “A”/”B” seam interburden – discrete Menefee interval below “A” seam and above “B” seam 
Once completed, if water manifests in the wells, they will be properly developed by industry 
environmental monitoring well standards.  Following this, the wells will be subject to no less than 
quarterly monitoring for four quarters by measurement of depth to water and collection of a water quality 
sample, per the CDRMS standards in place for the current groundwater monitoring program.  If water 
does not manifest in the wells, quarterly monitoring of the wells will continue with documentation of a 
“dry” or “no water level” condition.  Assessment will occur in a reasonable time following four quarters 
of data collection at these wells to shape the future GCC regulatory bedrock monitoring requirements. 

SPRING AND SEEP SURVEY 

A spring and seep survey is a field reconnaissance to locate and inventory spring and seep conditions 
including flow rate, field water quality parameters and collect a water quality sample for submittal to an 
accredited analytical laboratory.  This type of study characterizes groundwater discharge from one 
groundwater source at ground surface where it then either enters back into another groundwater system, 
into surface water or evaporation into the atmosphere.  At the direction of CDRMS, in December 2015 
GCC initiated a spring and seep survey for specific areas surrounding the King II Mine.  This was conducted 
by RHS.  While no springs or seeps were known to exist in this area, a reasonable expectation was that if 
springs or seeps relevant to the hydrologic characterization of the study area are to exist they would 
manifest either at the Cliff House/Menefee contact outcrop or at the “A” seam outcrop.  The outcrops 
were hiked as reconnaissance per Figure 5-2, with one seep located and documented as SEEP-1 in an 
unnamed drainage approximately 2 miles northwest of the King II Mine surface facilities.  Interpretation 
of the analytical results is presented in discussion later in this study.  This spring and seep survey will 
continue quarterly for no less than a total of four quarters.  Assessment will occur in a reasonable time 
following four quarters of data collection at these locations to shape the future GCC regulatory spring and 
seep monitoring requirements. 

HAY GULCH DITCH 

Per direction from the CDRMS, to compliment current (downgradient) GCC Hay Gulch Ditch water quality 
monitoring at the King II Mine driveway intersection with CR 120, GCC will begin sampling at an upstream 
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location as shown on Figure 5-1.  This will allow for better interpretation of potential impact sources, 
should an exceedance ever be detected at the downgradient/downstream location.  

6 OTHER SPECIFIC AREAS OF ANALYSIS 

SURFACE WATER 

Surface water in the lease area is limited to the imported Hay Gulch Ditch (diverted from the La Plata 
River), spring thaw and occasional summer storm runoff, and the primary receptor is the Mormon 
Reservoir several miles to the south. There has not typically been any water in spoil or stormwater 
catchment ponds to sample, except in rare storm events when flooding and gullying were regional 
concerns (and operations were too preoccupied with flooding control to perform any special sampling). 
 
The typical concern of an underground mine with respect to surface water is discharge of mine water with 
deleterious quality.  The absence of measurements is reflected by and absence of mine discharge. 
However, a mine water balance was performed in 2014 by CDS with a subsequent report submitted to La 
Plata County, partly to substantiate that water used by the mine for dust control does not discharge and 
otherwise to assess the water consumed by King II. This analysis was based on February, 2014 data 
collected at the mine. Dry air density was estimated from elevation and temperature, and water vapor 
content was calculated in the ventilation entry and two exhaust portals based on measurements of 
relative humidity. The exhaust flow rates and vapor content yielded computed vapor flux to compare with 
water piped in for dust control. Vapor in exhaust over 14 days was within 0.5% of piped in water, the 
0.55% being 122 gallons per day with an uncertainty of 218 gallons /day based on the precision of 
measurements.  Therefore the study demonstrated that the known water input to King II is in balance 
with the water output from King II. 

GROUND WATER 

Alluvial Aquifer 
A ground water hydrograph of the three alluvial wells monitored by GCC for the period of record has been 
prepared as Figure 4-8.  The hydrograph, based on depth to water levels converted to elevation (ftamsl) 
demonstrates the seasonal fluctuation in groundwater level as observed in Hay Gulch.   The previously 
referenced Hay Gulch alluvium water table map has also been prepared and is presented as Figure 4-7 
which demonstrates the groundwater gradient of 10 feet per mile. 

Water quality in the alluvial aquifer is quite variable over the monitored reach, and zones with elevated 
sulfate concentrations may be linked to either upstream spoil pile oxidation and leachates, or to climatic 
variations causing draining and re-saturation of the alluvium over decadal (or longer) periods, as indicated 
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by tree ring research. Installation of new alluvial wells upgradient of the King I portal should resolve 
whether that mine has been responsible for observed high sulfates there. Hydraulic well testing (pumping 
and /or slug) the alluvial aquifer in the new wells will also confirm the estimated speed of solute plumes 
and contribute to resolution of this issue. 

Bedrock Aquifer 

GROUNDWATER LEVELS 
No single database of groundwater wells including construction information, water levels or water quality 
for the study area was known to exist prior to this study.  Therefore, RHS has prepared a comprehensive 
database for this study using publically available data from DWR and published reports as well as GCC’s 
proprietary drillhole and corehole data.  
 
No previously documented alluvial or bedrock groundwater level maps are known to have been prepared 
for the study area or greater regional area.  For this study, RHS compiled all publically available DWR Well 
Construction and Test Reports.  Key information in each of those reports, when available, included the 
location, the well construction information that indicates what part of the formation are open to the well, 
the driller’s geologic log, the initial well test production rate and the static water level.  These documents 
are required by the DWR to be filed shortly after the well construction is completed and the DWR scans 
the one-page report to be posted at http://www.dwr.state.co.us/wellpermitsearch/ available for public 
search and download.  There have been several versions of this report form over many decades but the 
information requested by DWR has not changed much, however the quality of the scanned documents 
available for download can be poor.  Similarly, the quality of the information reported varies widely from 
driller to driller with the accuracy and details of the reported geologic log, the documentation of 
dimensions of the well construction materials and the static water level and production rate.  Location 
data required at the time of well construction has traditionally been by measurement from section lines 
using the public land survey system (PLSS).  Modern ease of survey by hand-held GPS has improved the X, 
Y, and Z location data collection, however this has only been implemented by some water well drillers and 
of those only within the last few years.  For this study GPS survey data has been found to only apply to a 
very small subset of DWR reports.  The DWR maintains a water well database with some of this 
information including the survey information transformed into the National Elevation Dataset (NED) to 
greatly improve that accuracy but at this time it does not appear have the detailed geologic log or the 
interpretation of the true open completion intervals included in that database.  RHS reviewed and 
compiled the relevant data directly from the individual DWR Well Construction and Test Reports and 
combined it with the DWR database to create one complete study area water well data set.  Proprietary 
GCC borehole data from numerous exploratory drilling projects completed by GCC its predecessor and 
other coal companies that conducted exploration into the 1980’s has also been integrated.  This borehole 
data, while not deep enough to present any groundwater level information, was used with the DWR data 
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set for construction of cross-sectional drawings, a bedrock groundwater elevation map and a bedrock 
groundwater presence map, to be discussed below. 
 
While clearly the DWR reports are subject to error, this is a readily available source for a large body of 
data that needs to be considered for a comprehensive hydrologic study of any area.  Generally, the more 
focused the study (small area) the more critical it is that the water level data be collected in a short period 
of time.  With a regional scale, it is less critical as the contour intervals are typically larger, however it must 
be noted that in this data set, reported water levels span many decades.  The earliest well found in this 
study was a hand-dug alluvial well in the lower reach of Hay Gulch constructed in 1924, but the DWR well 
records show that substantial documentation of groundwater development, as indicated by submittal of 
these well reports in the study area, began in the early 1960’s. 
 
Figure 6-1 presents the calculated bedrock groundwater elevations for each domestic water well with an 
available DWR report.  The groundwater elevation was calculated from subtracting the driller-reported 
static water levels at the time of well construction from the DWR NED-interpreted well surface elevation.  
Attempts to contour the groundwater elevations at a large interval of 500 feet was not successful in that 
it was apparent that outliers dominated more than could be reasonably expected for a study area of this 
geographic area.  When contoured at 1000 feet intervals, it could possibly be interpreted that the study 
area bedrock groundwater flow direction may be south/southwest, the dip of the Mesaverde Group, so 
likely to be true.  It must be recognized that plotting all bedrock groundwater levels together, without 
regard for specific water-bearing interval elevations, is a simplification that assumes the lower Menefee 
and upper Point Lookout, are hydraulically connected and behave as one aquifer.  This may not have been 
true prior to groundwater development in this area by installation of domestic water wells, but comingling 
water well completion methods are typical and have been documented in the 179 bedrock DWR records 
compiled for this study show that the minimum effective completion interval is 8 feet, the maximum is 
1,548 feet and the arithmetic mean is 290 feet.  
 
In order to assess the bedrock groundwater wells in the study area that likely have intersected the “A” 
seam across their completion interval, the top of coal surface elevation, based on GCC drill hole data, has 
been extended across the study area to the extent that it can be reasonably projected.  As was discussed 
in Section 3, while the “A” seam is the most consistent of the Menefee coal seams, some inconsistencies 
in thickness can be expected.  Regardless, the geologic depositional model presented in the mine permit 
(CDRMS, 2014) indicates that the “A” seam likely maintains thickness of four feet or more as far west as 
Cherry Creek. These bedrock groundwater wells are plotted at their locations with the projected top of 
coal elevation, the driller reported “first water” elevation and the driller reported static water level 
elevation.  This is shown in Figure 6-2.  Based on this analysis 114 of 179 wells documented in the study 
area likely intersect the “A” seam within their effective open interval, which is in almost all cases, the 
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length of borehole comingled behind the PVC well casing between the cemented surface casing and total 
drilled depth.  

CONFINING LAYER 
To analyze the deep bedrock groundwater potentiometric surface with respect to the “A” seam mined at 
King II, the top of coal surface, based on extensive GCC drill hole data, has been projected across the study 
area.  The reported water level elevations have been labeled at each corresponding well location.  As the 
DWR Well Construction and Test Reports, with their inherent quality concerns, currently are the only 
source of water level data for these wells, there is error associated with this exercise.  However, it gives a 
general spatial understanding of the distribution of areas where the deep bedrock aquifer presents an 
upward hydraulic gradient under confining conditions.  As discussed in Section 4, based on geologic 
mapping of the Menefee and Point Lookout, the substantial recharge area for this aquifer or aquifers is 
likely only several miles to the north within the study area.  Given this, at some distance south of the 
recharge area, the aquifer is expected to transition from unconfined to confined as the Mesaverde Group 
dips further into the San Juan Basin.  Figure 6-3 presents a general schematic cross-section cartoon of the 
difference between a confined and unconfined aquifer.  Confining conditions present when the 
hydrostatic pressure as measured in the well by a depth to water reading, is above the depth of the 
particular water bearing interval.  The descriptions of the subject rock formations in Sections 3 and 4 
indicate that the groundwater flow system(s) is dominated by fracture flow, although the sandstones will 
typically contribute water from minor secondary porosity which can be observed as a delayed yield in 
aquifer testing.  The difference in hydrostatic pressure as measured at the top of the water bearing 
interval (aquifer) to the measured well water level represents the excess or confining pressure that the 
natural overlying formation is restricting from upward flow.  This overlying (or underlying) geologic unit is 
referred to as confining layer, which is simply a body of material of low hydraulic conductivity that is 
stratigraphically adjacent to one or more aquifers (Fetter, 1994).  A qualitative assessment of a confining 
layer is that when excess hydrostatic pressure from an underlying or overlying aquifer exists based on 
knowledge that the measured water level is above the aquifer, there is a geologic seal.  Generally speaking, 
during drilling operations, this is observed when a formation is penetrated and the water level in the 
borehole immediately rises.  An extreme case is when the water rises in the hole to the point that it begins 
to flow at surface, the demonstration of an artesian well.  No true artesian wells have been documented 
by RHS in this study area.  A semi-quantitative assessment of that seal is determined by calculating the 
hydrostatic head pressure difference across the confining layer, as presented in Figure 6-4.  It is important 
to understand that the relationship of the confining layer that is the “A”/”B” seam Menefee interburden 
that overlies the lower Menefee/upper Point Lookout aquifer has been in place over geologic time, 
millions of years.  That is not to say it must be a perfect seal, however dry “A” seam mining operations at 
King I since 1938 and King II since 2006 of thousands of underground acres is a very strong case for a more 
than adequate seal.  Additionally,157 of 179 documented water wells in the study area that have 
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demonstrated confining conditions show that this excess hydrostatic pressure appears to only be released 
by borehole penetration completely through the confining layer. 
 
A fully quantitative assessment of a confining layer, and thus its full competency, can be determined 
accurately by conducting in-situ borehole or well permeability testing. This testing methodology is 
typically applied to sites where there are concerns with potential leakage across a confining or semi-
confining layers in overall saturated conditions.  While no testing of this type has been conducted in the 
Menefee in the study area, it has been conducted at two project sites 12 miles from the King mines to the 
northeast in Durango, Colorado near the intersection of US Highways 160 and 550. (USDOE, 2001)   
 
The first project site was known as the Durango Uranium Mill Tailings Remedial Action (UMTRA) Project 
site.  This was a location that the U.S. Department of Energy (USDOE) was tasked with conducting detailed 
hydrogeologic characterization of a former uranium mill waste tailings pile area requiring determination 
of hydraulic conductivity of several subject geologic formations including the Menefee.  Two separate 
aquifer testing programs were conducted, one program in 1983 with slug testing of a single Menefee 
monitoring well and a second program in 2001 which slug tested seven Menefee monitoring wells and 
two additional Menefee monitoring wells completed specifically in coal. 
 
The second project site was known as the Durango Pumping Plant and hydrogeologic characterization to 
determine hydraulic conductivity was conducted in 1990 at this location for Animas-La Plata Project 
whereby a major pumping station was constructed to lift Animas River water up into fill a new reservoir 
that became Lake Nighthorse.  Bail-slug tests were conducted in two Menefee test holes by the U.S. 
Bureau of Reclamation. 
 
The results of these three aquifer testing programs is summarized in Table 6-1.  These test results 
demonstrate that the Menefee coal has a much higher hydraulic conductivity than the Menefee without 
coal, over one order of magnitude larger at approximately 5 feet/day.  This quantitative data supports the 
concepts discussed in Section 4, stating that coal seams are generally considered aquifers relative to the 
overlying and underlying strata when saturated.  The analytical solutions that are used to derive hydraulic 
conductivity from slug tests (among other aquifer test methods as well) are based on assumption of flow, 
primarily in the horizontal direction.  In the case of investigations regarding the hydraulic properties of 
confining layers, it is important to understand the concept of anisotropy.  The term anisotropic is used to 
describe materials where the hydraulic conductivity at a point has a directional dependency. (Domenico 
and Schwartz, 1990)  In geologic materials, specifically in fine-grained sedimentary rocks (shale) as applies 
here, deposition of clay occurs in horizontal bedding planes due to gravity within the deep marine low 
energy environment.  The resulting hydraulic conductivity is described as anisotropic because the 
dominant flow direction will be with the horizontal clay mineral assemblage.  The subsequent vertical 
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hydraulic conductivity in a shale confining layer is greatly reduced, typically by an accepted conservative 
one order of magnitude. (Domenico and Schwartz, 1990).  Table 6-1 shows the geometric mean of slug 
testing results for the Menefee confining layer to be 0.009 feet/day.  These values are greater than typical 
textbook values for shales, however are still very much within the range of low permeability geologic 
materials and demonstrate conditions for hydraulic confinement. 
 
To date, the Durango UMTRA and Pumping Plant test results serve as the best currently available Menefee 
horizontal and vertical horizontal conductivity data.  There is direct application of this data to the concerns 
with potential vertical migration of water inside mine workings downward through what has been 
demonstrated to be a confining layer below the “A” seam.  As documented in numerous references within 
this study, the King I and King II mines are dry. Water imported into the mine for OSMRE-required dust 
suppression has been addressed by preparation of the previously discussed mine water balance 
performed by CDS in 2014 and has in fact been demonstrated to be in balance owing primarily to very 
high evaporation from the mine ventilation system and the mining and removal of the very coal where 
most of the dust suppression water is applied.  Water introduced via infiltration through potential 
subsidence fracturing has been discussed in previously in Section 4 and likelihood of occurrence is deemed 
very unlikely due to observation of past subsidence features above King I healing with two years, the very 
high evapotranspiration rates in the study area and the lack of perennial surface water flowing or stored 
in natural channels on ground surface above potential subsidence areas..  The plans for an underground 
20 acre-foot mine operations water storage reservoir at King II have been abandoned in favor of a 
traditional water storage pond constructed near the Huntington King II diversion pipeline near the King I 
mine.  Therefore concerns with water infiltration through the mine floor at King I and II are generally 
within the last hypotheticals of possible introduction such as an unchecked freshwater spill.  This is highly 
unlikely as King I is not operating and no charged water lines remain; the operating King II mine is staffed 
24/7 and routine inspections are completed GCC staff and numerous regulators including the  Mine Safety 
and Health Administration (MSHA), CDRMS, BLM and OSMRE.  As discussed in the mine water balance 
report, (CDS, 2014) excess water use by GCC is completely counter to the operation from an economic 
standpoint as not only is the water itself and operating expense, but mined coal wetted in excess can 
potentially violate GCC customer contractual obligations committing to designated maximum moisture 
content. 
 
A Menefee mine floor with vertical hydraulic conductivity on the order of 0.009 ft/day, as discussed above 
from the nearest available (Durango, CO) test data, represents a substantial barrier to flow to infiltration 
through the unsaturated “A” seam underburden and yields an acceptable mechanism to prevent hydraulic 
communication with the underlying lower Menefee/upper Point Lookout aquifer.  
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DRY CLIFF HOUSE BOREHOLES AND DOMESTIC WATER WELL PENETRATIONS – THE DRY TREND 
In order to evaluate the unsaturated condition of the Cliff House in the study area, specifically in 
contiguous or semi-contiguous areas of present or projected overburden, a mapping exercise has been 
completed by plotting all GCC boreholes that fully penetrated this formation.  Additionally, with 
compilation and review of the available DWR Well Construction and Test Reports, the driller’s reported 
“first water” depth during drilling was compared against the top of the “A” seam.  As the “A” seam is 
approximately 20 feet below the base of the Cliff House, this is seen as a conservative depth for the 
purposes of this demonstration.  Figure 6-4 shows the well and borehole locations with the reported “first 
water” elevation and projected elevation of the “A” seam in the label.  A “first water” elevation less than 
the projected “A” seam elevation indicates no water-bearing intervals in the Cliff House at that location 
at the time of drilling.  For the GCC boreholes in which no water bearing intervals have ever been 
encountered at all (Korte, 2015), they are simply plotted on the map as “Coreholes” and should be 
understood to have been dry.  As can be seen in the figure, there is a strong dry Cliff House trend in the 
middle of the study area.  This can be explained by the presence of the most substantially eroded areas 
of the Cliff House, through the entire formation visually apparent by the mapping of the eroded underlying 
“A” coal seam throughout Hay Gulch, the several reaches of Roberts Canyon and East Alkali Gulch.  These 
areas were, and continue to be subject to Cliff House discharge of any remaining groundwater given 
dissection by these drainages.  The result is that at present age, extremely limited groundwater is found 
in this part of the study area.  Drainages throughout the study area that dissect the Cliff House but not 
completely to the base of the formation, are expected to be Cliff House recharge areas contributing to 
more perched groundwater occurrences and in the southern portion of the study area perhaps aquifers. 
 
The location of the numerous historical Hay Gulch area coal mines, as well as the modern-age King I and 
II mines does not appear to be coincident with lack of bedrock overburden and coal seam groundwater. 
 
It must be noted that during this study one domestic water well, DWR permit #92816 had been incorrectly 
plotted by GCC in the King II CDRMS permit document “Map King II-004 Geology-Hydrology”.  The DWR 
legal description for this well is T34N R11W Section 6U SE1/4, SE1/4, however it had been spotted in 
Section 6, which erroneously placed it directly above King I mine underground workings.  The actual 
location of this well is approximately 1.5 miles southeast of the nearest King I mine underground workings. 
 
Groundwater in bedrock aquifers in which mining occurs is generally potentially subject to quantity 
impacts through diversion on new flowpaths, and to quality impacts through mixing of separate water 
bodies or exposure to oxidation or dissolution of solutes on new flowpaths. Since the mines have been 
historically dry, no aquifers are known in the overburden, and ongoing regulatory-mandated subsidence 
monitoring at King I and II has been documented subsidence to be minimal in occurrence and extent, 
there are no readily apprehended mechanisms for such impacts. Inflow to the mine through the 
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underburden via pillar punching is also precluded by virtue of the thickness and low hydraulic conductivity 
of the confining layer. 

7 CONCLUSION 

The significant, and sole, concern regarding water quality impact is variable salinity (particularly sulfate) 
in the alluvial aquifer. Collection of water samples and performance of some hydraulic testing of alluvial 
wells will determine whether one such saline front near the King I portal has anything to do with leachates 
from that mine, and how fast such fronts are migrating in the alluvium. Analysis of bicarbonate C14 and 
water isotopes D and O18 at the top and bottom of the new wells will date the alluvial water and 
discriminate whether the sulfate is due to other mine spoil leachates or climatic variability.  
 
Because King I and King II mines have historically been dry, hydrologic data relating to background and to 
operations is somewhat sparse. Water quality data has been taken from domestic wells at some distance 
from the permit areas. Alluvial groundwater monitoring data exhibits spatial variability that has not yet 
been explained, although climatological variation may be implicated, and some new monitoring points 
upstream of the old King I Mine are warranted. Surface water is restricted to a ditch diverted from the La 
Plata River, and occasional flood events, neither of which relates to any possible mining impact. One water 
balance exercise confirmed that ventilation carries out as vapor all water piped in for dust control, so 
there is zero measurable mine discharge 
 
Evaluation of available bedrock hydraulic data, including publically available information from DWR Well 
Construction and Test Reports and GCC borehole data has determined that bedrock groundwater 
occurrence in the Hay Gulch area is controlled by drainage erosion of the Cliff House and upper Menefee 
Formations.  The groundwater discharge areas created by the erosion of Hay Gulch, East Alkali Gulch and 
the various reaches of Roberts Canyon, combined with the limited infiltration potential of the region, have 
apparently prevented any significant groundwater accumulation and thus a substantial dry trend from 
surface through the substantially drilled and mined upper Menefee coal seams.  Domestic water wells to 
the south and southwest of the King I & II mines do present Cliff House groundwater in perched water 
bearing intervals, but well DWR well reports indicated that it is not in significant quantities as the wells 
are completed in the underlying lower Menefee or upper Point Lookout aquifer.  Demonstration of 
confined conditions in this aquifer by quantification of the hydrostatic pressure has been presented as 
evidence for a substantial confining layer below the upper Menefee coal sequence, specifically relevant 
as the King I and II mine floor.  Additional quantitative basis for the recognition of this Menefee confining 
layer has been presented with regional hydraulic testing results characterizing the interval as consistent 
with low permeability geologic materials.   
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Information that will be collected during the installation of bedrock cluster monitoring wells planned for 
2016 at King II, as well as the data that will be generated from them through routine monitoring will assist 
with further hydrogeologic characterization.  Likewise, continued spring and seep survey in the vicinity of 
King II will yield data for interpretation to a better understanding of Cliff House discharge areas. 
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TABLES 

  



Mine Name Dates of Operation Easting          
(UTM83_12NX)

Northing          
(UTM83_12NY)

Elevation  
(ft amsl)

Total Coal 
Produced        

(Short Tons)

Seam                
(Interpreted)

Seam 
Thickness  

(ft)
Burnwell #1 Mine 1958-1970 757375 4127020 7487 39,947 ("A" and/or "B") 6.5

Burnwell #2 Mine 1949-1967 757510 4127040 7647 47,270
Peacock, C coal group  

("A" and/or "B")
6.5

1950-1951

1921-1947

Durkan Mine 1935-1951 755869 4126615 7331 unknown ("A" and/or "B") NR

Hay Gulch Mine 1933-1964 757445 4127651 7550 unknown Pueblo ("A" & "B") 7

Hesperus Mine – Check 

Hesperus Coal
1892-1922 762416 4130376 8076 845,666 "A" & "B" NR

Hunt Mine unknown 758852 4127842 7569 ("A" and/or "B") NR

1914-unknown

1922-1977

1958-1961

1945-1959

1941-1944

Supreme Mine 1937-1947 759316 4127698 7727 unknown ("A" and/or "B") NR

Tipotsch Mine 1923-1953 755259 4126322 7413 unknown ("A" and/or "B") NR

Wright Mine #1 1955-1969 759589 4127889 7645 10,605 ("A" and/or "B") NR

Wright Mine #2 1941-1955 759896 4127986 7685 34,024 ("A" and/or "B") NR

King Coal Mine #1 1936-2007 757247 4126693 7449 4,175,993 "A" & "B" 6

Notes:

NR = No Record

ft = feet

10,718
Lucky Strike

(Dunn Mine)
755640 4126093 7336

4127721 7542 3,052,800 "A" & "B" NR

Table 3-1:   List of Historical mines in the vicinity of the study area.

ft amsl = feet above mean sea level

Rasmussen Mine

(Minoletti Mine)

(Dufur Mine)

758488 4127382 7595 45,281 ("A" and/or "B") 6

Peacock, C coal group 

("A" and/or "B") 
5.5

Peacock Mine (Peacock-

Porter Mine)
757776



Table 4-1:   Climate data reported for the study area.

Month
Low 

Temperature   
(˚F)

High 
Temperature   

(˚F)

Snow        
(inches)

Precipitation   
(inches)

January 11 35 22 1.54

February 15 39 18 1.42

March 22 46 12 1.5

April 28 55 5 1.1

May 35 65 1 0.98

June 42 75 0 0.67

July 50 80 0 2.13

August 50 77 0 2.28

September 42 70 0 2.17

October 31 58 1 1.57

November 21 45 13 1.57

December 13 36 17 1.26

Average 30 56.8 - -

Average Annual - - 89 18.19

Notes:

Climate data for Ft. Lewis, CO Longitude: -108.051, Latitude: 37.2308
Source: January 2016, Hesperus, Colorado U.S. Climate Data; 



Parameter Units
Calcium (Ca) mg/L
Iron (Fe) mg/L
Magnesium (Mg) mg/L
Manganese (mg/L) mg/L
Sodium (Na) mg/L

Hardness, as CaCO3 mg/L

Bicarbonate, as CaCO3 mg/L
Carbonate, as CaCO3 mg/L
Hydroxide, as CaCO3 mg/L
pH (field) SU
Sulfate (SO4) mg/L
Total Dissolved Solids (TDS) mg/L
Temperature Degrees C
Specific Conductivity (field) mS/cm
Depth to Water (field, wells only) ft

Notes:

CDRMS = Colorado Division of Reclamation Mining and Safety

mg/L = milligrams per liter

SU = standard units

mS/cm millisiemens per centimeter

ft = feet

Table 5-1:  King I and II CDRMS quarterly compliance groundwater and surface 
water analytical suite and field parameter monitoring.



Project Location Formation Well ID Kh (ft/d) Kv (ft/d)

Kh Geometric 
Mean         
(ft/d)

Kv Geometric 
Mean          
(ft/d)

Menefee (coal) 882 4.700 0.470

Menefee (coal) 882 (test repeat) 5.300 0.530

Menefee 602 0.260 0.026

Menefee 875 0.090 0.009

Menefee 878 1.000 0.100

Menefee 879 0.043 0.004

Menefee 883 0.017 0.002

Menefee 890 0.300 0.030

Menefee 902 0.003 0.000

Durango UMTRA Menefee DR-82-02 0.890 0.089

Menefee 116 0.059 0.006

Menefee 117 0.068 0.007

Kh = Horizontal Hydraulic Conductivity
Kv = Interpreted Vertical Hydraulic Conductivity
ft/d = feet per day

Table 6-1:   Summary of Menefee Hydraulic Conductivity (K) values calculated from slug test results.

Durango UMTRA 

4.991 0.499

0.094 0.009

Durango Animas-La Plata Pumping Plant
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GEOLOGIC 
PERIOD DESCRIPTION

Cliff House Sandstone Formation Marine sandstone of irregular to lenticular ledges averaging 350 feet thickness.  
Uppermost exposed throughout most of study area.

Menefee Formation
Complex of cross-bedded sandstone, shales, siltstones, sandstones and coal beds 
averaging 300 feet thickness. Characterized by irregular bedding and rapid lateral 
changes in lithology.

Point Lookout Sandstone Formation
Upper member massive, medium-grained sandstone approximately 100 feet thick in 
project area.  Basal member includes thin beds of sandstone interbedded with shale, 
approximately 300 feet thick in project area. 

Marine shales to 2000 feet thick.  Outcrops at extreme northern study area. 

Figure 3-2:   Stratigraphic column description of the study area.

Mesaverde Group

Late Cretaceous

Mancos Shale

            GEOLOGIC UNIT
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Figure 4-2:   Major ions and TDS in surface water and alluvial wells of Hay Gulch.
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Figure 4-3:   Correlation of TDS with month, Hay Gulch Ditch.

0

100

200

300

400

500

600

0 2 4 6 8 10 12 14

TD
S,

 m
g/

L

Month



!

!

!!!
!

!
!

!!!!
!!

!!!
!

!

!

!

!

!

!

!
!

!

!!
!

!!
!!

!!

!!

!

!

!

!
!!

!
!

!

!

!
!

!
!

!!

! !

!
!

!
!

!
!

!
!

!
!

!
!

!

!

!
!

!
!

!A

!A

!A!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A !A

!A

!A

!A

!A
!A

!A

!A

!A

!A

!A

!A
!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A
!A

!A !A

!A

!A

!A

!A

!A

!A

!A
!A

!A
!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A
!A

!A

!A

!A

!A

!A!A
!A

!A
!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A!A

!A

!A !A
!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A !A

!A

!A!A

!A
!A

!A

!A

!A

!A!A
!A

!A

!A
!A

!A

!A

!A

!A

!A

!A!A
!A

!A

!A
!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A
!A

!A
!A

!A

!A

!A

!A

!A

!A

!A

!A
!A

!A

!A

!A
!A

!A

SW

NE
N

S

H-34

CC-26

No.604

NEDO9822

NEDO9816

NEDO9813

NEDO9812
NEDO9811

NEDO9810
NEDO9809

NEDO9808

NEDO9807

NEDO9803

NEDO9802
NEDO9802A

GCC-14-02
GCC-14-20

GCC-14-19

GCC-14-18

NEDO9815

N-15

N-12

N-21

Speas
9702281

Mills
0507189A

Langford
389203

Trujillo
9702172

Hovsepian
0514072

Sullivan (Formerly Randy Haugan)
310395

Compton
9700881

Beyer
9123240

Huntington Ditc
h

Hay Gulch Irri
gatio

n
Ditch

B
ig

 S
tic

k 
D

itc
h

C
h
e
rr

y 
C

re
e
k

East Fork Cherry Creek

L
a

P
la

ta
R

iv
e
r

C
h
e
rr

y
C

re
e

k

Cherry
 C

reek

C
h
e

rr
y
 C

re
e
k

L
a
 P

la
ta

 R
iv

e
r

C
h
e
rr

y 
C

re
e
k

C
h

e
rr

y

Creek

Cherry Creek

Hay Gulch Irrigation Ditch

La
P

la
ta

R
iv

e
r

Hay Gulch
Irri

gatio
n Ditch

Big

Stick
D
itc

h

C
h

e
rr

y
C

re

ek

C
h
e
rr

y

Cre
ek

Big Stick Ditch

B
ig

S
tic

k
D

i t
c
h

H
ay

 G
ul

ch
 Ir

rig
at

io
n 

D
itc

h

C
h
e

rry
 C

re
e
k

C
h

er
ry

C

re
ek

Big Stick
D

itc
h

La
P

la
ta

R
ive

r

King I

King II

7

7
9

51
4

8

3 2

9

25 4

8

63

1

6

6

8 97

9

8
7

5 4 63 2

15

1

25

13

36

14

5

20

1316

11

18

24

19

18

11

17

24

22

34

18

17

4

35

27

10

30

14

14

36

23

29

17

16

22

21

35

1316

26

33 34

32
33

27

15

28

12

26

31

21

16

23

17

28

25

18

10

31

14

32

15

20

15

13

12

29

3

30

19

1

2

9U9U
8U7U7U 8U

1

11
11

10
10 12

12

11U
10U

12U 10U 11U 12U

14

36

25

24

12

11U

2224 2123

7

4U 3U5U6U

22 19 20

1U2U

21 23

5U

20

6U 3U

19

2U

2U 1U

30

6

19

4U

18

24

15

23

31

10U

22

3U

747,500

747,500

750,000

750,000

752,500

752,500

755,000

755,000

757,500

757,500

760,000

760,000

762,500

762,500

765,000

765,000

4,1
20

,00
0

4,1
20

,00
0

4,1
22

,50
0

4,1
22

,50
0

4,1
25

,00
0

4,1
25

,00
0

4,1
27

,50
0

4,1
27

,50
0

4,1
30

,00
0

4,1
30

,00
0

4,1
32

,50
0

4,1
32

,50
0

BY: MK CHECKED: LJB

FIGURE 4-4
King Mine

Geologic Cross-sections

Geologic Cross-section

!A Coreholes

!A 2015 Coreholes

!A 2014 Coreholes

Domestic Wells 2016 (Receipt #)
CDWR Report Quality

Superior

Average

Poor

Canal Ditch

Intermittent Stream

Perennial Stream

King I & II Mine Underground Workings
Outline

Existing

Proposed

GCC Permit Boundary

Lease Modification 1 Boundary Area

Section

Township

Section

0 0.5 1 1.5

Miles

1 inch = 5,000 feet

Project Information:
Coordinate System: NAD 1983 UTM Zone 12N
Projection: Transverse Mercator

Datum: North American 1983
Units: Meter

DATE: 1/30/2016



Figure 4-5: North-South Geologic Cross Section



Figure 4-6: Northeast-Southwest Geologic Cross Section
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Figure 4-8:   Hay Gulch Alluvial Groundwater Hydrograph for the GCC Compliance Monitoring 
Wells over the Entire Period of Record.
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Figure 4-9:   TDS and sulfate in the Wiltze well, 1982 through 2015.
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Figure 4-10:  Major ions, TDS and pH in GCC Well #2 Downgradient.
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Figure 4-11:   Major ions, TDS and pH in GCC Well #1 Upgradient, between King I and King II 
surface facilities.
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Figure 4-12:   Major ions, TDS and pH in (pumped) Wiltze well near King I surface facilities.
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Figure 4-13:   Distribution of dissolved manganese concentrations reported in all three GCC 
compliance wells, Hay Gulch alluvium.
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Figure 4-14:   Major ions, TDS and pH in seven domestic wells completed in bedrock aquifers, 
Vista del Oro, 2013.
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Figure 4-15:   Major ions, TDS and pH in Haugen well, completed in bedrock aquifer.
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Figure 4-16:   Major ions, TDS and pH in wells sampled by USGS (NBO wells) in the study area.
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Figure 4-17:   Trace elements in NBO sample analyses.
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Figure 6-3:   Schematic cross section cartoon illustrating difference between confined and 
unconfined aquifer (from: Domenico and Schwartz, 1990).
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