


CUI" IULATIVE HYROLOGIC IMPACT ASSESSMENT
Tower  Resources ,  lnc .

Cen tenn ia l  P ro jec t
ACr  /OO7 /OI9

Carbon  County ,  U tah

Ju I y  L5 ,  I 985

I . In t roduc  t ion

The  pu rpose  o f  t h i s  r epo r t  1s  t o  p rov ide  a  Cumu la t i ve  Hyd ro log i c
Impac t  Assessmen t  (CH IA )  Fo r  Tower  Resou rces ,  I nc . ,  Cen tenn ia l
P ro jec t  l oca ted  i n  Ca rbon  Coun ty ,  U tah .  The  assessmen t  encompasses
the  p robab le  cumu l -a t i ve  impac t s  o f  a l l  an t i c i pa ted  coa l -  m in i ng  i n
the  gene ra l  a tea  on  t he  hyd ro log i c  ba l - ance  and  whe the r  t he
ope ra t i ons  p roposed  unde r  t he  app l i ca t i on  have  been  des iEned  t c r
p reven t  damage  t o  t he  hyd ro log i c  ba lance  ou t s i de  t he  p roposed  m ine
p lan  a rea .  Th i s  r epo r t  comp l i es  w i t h  f ede ra l  I eg i s l a t i on  passed
unde r  t he  Su r face  M in ing  Con t ro l  and  Rec lama t i on  Ac t  (SMCRA)  a r rd
subsequen t  U tah  and  f ede ra l  r egu la to r y  p rog rams  unde r  UMC 785 .L9 (c )
and  30  CFR 784 .14 ( f  ) ,  r espec t i ve l y .

Tower  Resou rces  I nc .  Cen tenn iaL  P ro jec t  i s  l oca ted  w i t h i n  t he
Book  C l i f f s  Coa l  F i e Id  app rox ima te l y  10  m i l es  no r t h -no r t heas t  c l f
P r i ce ,  U tah  (F igu re  1 ) .  The  Book  C l i f f s  f o rm  a  rugged ,  sou the r l y
f ac i ng  esca rpmen t  t ha t  de l l nea tes  t he  U in tah  Bas in  t o  t he  No r th  f r om
the  San  Ra fae l  Swe l -1  t o  t he  sou th .  E leva t i ons  a l ong  t he  Book  C l i f f s
range  f r om app rox ima te l y  5 ,000  t o  9 r000  f ee t .

r r r r l . nnnnn i  11g  rocks  o f  t he  Book  C I i f  f  s  r ange  f  r om Uppe r  C re taceousr  v F , t J + l

t o  Qua te rna ry  i n  age .  The  rock  reco rd  re f l ec t s  an  ove ra l l
r eg ress i ve  sequence  f  r om mar i ne  (  Mancos  Sha le  )  t h rough  l i t t o ra . l .  and
lagoona l  (B lackhawk  Fo rma t i on )  t o  f l uv i a l  (Cas t l ega te  Sands tone ,
P r i ce  R i ve r  Fo rma t i on  and  No r th  Ho rn  Fo rma t i on )  ano  l acus t r i ne
(F lags ta f f  Fo rma t i on )  cepos i t i ona l  env i r onmen ts .  0sc i l l a t i ng
depos i t i ona l -  env i r onmen ts  w i t h i n  t he  ove ra lL  r egg ress i ve  t r end  a re
rep resen ted  by  members  o f  t he  B l -ackhawk  Fo rma t i on .  The  ma jo r  coa l
bea r i ng  un i t  w i t h i n  t he  Book  C l i f f s  Coa i -  F i e Id  i s  t he  B lackhaw l<
Fo rma t i on .

P rec ip i t a t i on  va r i es  f r om 2A  i nches  a t  h i ghe r  e l eva t i ons  t o  5
i nches  a t  l owe r  e l eva t i ons .  The  Book  C l i f f s  a rea  may  be  c l ass :L f i ed
as  m ld  l a t i t ude  s teppe  t o  dese r t .

Vege ta t i on  va r i es  f r om the  sageb rush /g rass  commun i t y  t ype  a t
l owe r  e l eva t i ons  t o  t he  Doug las  f i r l aspen  commun i t y  a t  h i ghe r
e l - eva t i ons .  0 the r  vege ta t i ve  commun i t i es  i nc l ude  moun ta in  b tush ,
p i nyon - j un ipe r ,  p i nyon - j un ipe r / sageb rush  and  r i pa r i an .  These
commun i t i es  a re  p r ima r i l y  used  f o r  w i l dL i f e  hab i t a t  and  l i ves t r r ck
^ - ^ - i  ^ ^g r  d z . r r  r g .
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Su r f ace  runo f f  f r om the  Book  C l i f f s  a rea  f l ows  i n to  t he  P r i ce
R ive r  d ra i nage  bas in  o f  eas t - cen t ra l  U tah .  The  P r i ce  R i ve r
o r i g i na tes  nea r  Sco f i e l d  Rese rvo i r  and  f l - cws  sou theas te r l y  i n t o  t ne
Green  R i ve r ,  no r t h  o f  t he  t own  o f  G reen  R i ve r ,  U tah .  Wa te r  qua l i : ; '
i s  good  i n  t he  moun ta inous  headwa te r  t r i bu ta r i es ,  bu t  de te r i o ra tes
rap id l y  as  f l ow  t r ave rses  t he  l , l ancos  Sha l -e .  The  sha le  l i t ho logy
t yp i ca l l y  has  l ow  pe rmeab i l i t y ,  i s  eas i l y  e roded  and  con ta i - ns  l a rge
quan t i t i e s  o f  so l ub le  sa l t s  t ha t  a re  a  ma jo r  con t r i bu to r  t o  poo r
wa te r  qua l i t y .  Depend ing  upon  t he  du ra t i on  o f  con tac t ,  wa te r
qua t i t y  deg raOes  downs t ream to  whe re  t o ta l  d i sso l ved  soL ids  (TDS)
l eve l - s  o f  3 r000  m i l l i g rams  pe r  l i t e r  (mg /1 )  a re  common .  The
p redominan t  i on  I eached  f r om the  Mancos  Sha le  i s  su l f a te  (S0a )
w i t h  va lues  ove r  I , 000  mg /1  common  i n  t he  l owe r  r eaches  o f  t he  P r i ce
R ive r .

I I .  Cumu la t i ve  Impac t  A rea  (C IA )

F igu re  2  de l i nea tes  t he  C IA  f o r  cu r ren t  Cen tenn ia i -  P ro j ec t
ope ra t i ons .  The  C IA  i nc i - udes  t he  Deadman  Canyon  d ra i nage r  t he
S t ra i gh t  Canyon  d ra i nage ,  t he  Ho f fman  C reek  d ra i nage  and  seve ra l -
o the r  unnamed  ephemera l  d ra i nages  be tween  Deadman  Canyon  and  Ho f fman
Creek .  The  eas te rn  bounda ry  i s  c i es i gna ted  by  t he  Coa I  C reek
d ra inage  and  t he  sou the rn  bounda ry  i s  de f i ned  by  t he  sou the rn  ex ten t
o f  Sec t i ons  27 r  28 r  29  and  30  i n  T1JN ,  R l lE .  The  C IA  encompagses
app rox j -ma te l y  9792 .47  ac res .

I I I .  Scope  o f  M in i ng

In i t i a l  m in i ng  ope ra t i ons  o f  t he  Cen tenn ia l  P ro j ec t  began  i . n
Oc tobe r ,1980  i n  t he  P innac i - e  M ine  on  t he  Z ions  f ee  1ease .  The
o r i g i na l  M in i ng  and  Rec l -ama t i on  P lan  t vas  app roved  i n  Janua ry ,  L982 ,
and -m in ing  p rog ressed  on to  t he  f ede raL  l - eases .  I n  June  ,  1982  t he
Apex  M ine  was  opened .  I n  0c tobe r ,  19B l -  mod i f i ca t i ons  t o  t he  f ede ra l
Leases  we re  g ran tec ! ,  t hus  add ing  436  ac res  t o  t he  ove ra l l  m j -ne  p l an
a rea .  The  LTO ac re  f ede ra l  emergency  I ease  was  g ran ted  i n  Nove lmbe r
o f  L983 .  The  coa l -  t o  be  m j . ned  f r om the  emergency  l ease  w i l l  be :
ex t rac ted  as  an  unde rg round  ex tens ion  o f  t he  ex i s t i ng  P innac le  M ine
ope ra t i on .  The  Cen tenn ia l -  P ro j ec t  ( i nc l ud ing  t he  I 2O  ac re  eme lgency
lease )  cu r ren t l y  compr i ses  app rox ima te l y  21798  ac res .  M ineab le
rese rves  w i t h i n  t he  p l an  a rea  t o ta l  app rox ima te l y  30  m i l l - i on  t ons .

Th ree  seams  o f  m ineab le  coaL  a re  l oca ted  w i t h i n  t he  pe rm i t  a rea
and  t he  app roved  M in ing  and  Rec lama t i on  P lan  f o r  t he  Cen tenn ia ,L
p ro jec t  ca l l s  f o r  t he  even tua l  deve lopmen t  o f  a  sepa ra te  m ine  i n
each  o f  t hese  seams .  Cu r ren t l y  two  m ines ,  t he  P innac le  (G i l son

Seam)  and  Apex  (Lower  Sunnys ide  Seam) ,  have  been  deve loped  and  a re
cu r ren t l - y  ope ra t i ng .  The  t h i r d  m ine  i n  t he  Abe rdeen  Seam has  l / e t  t o

be  deve loPed .

p roduc t i on  w i l l  be  f r om room and  p i l 1a r  m in i ng  me thods  w i t l r

seconda ry  p i l l a r i ng .  Ove rbu rden  t h i ckness  ranges  f r om app rox ima te l y

0  t o  24OO fee t .
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Tower  Resources  rnc . ,  has  fo rma l l y  submi t ted  an  express ion  o f
in te res t  fo r  a  328  ac re  coa l  t rac t  fo r  cons idera t ion  as  par t  o f  the
U in tah  Sou thwes te rn  U tah  Coa l  Reg ion ,  coa l  l ease  sa le  o f fe r ings .
Th ls  t rac t ,  known as  the  Graves  t rac t ,  i s  roca ted  nor th  and
nor theas t  o f  the  Emergency  Lease  a rea .  Other  than  th is  t rac t  and
Righ ts -o f - l vay  g ran ted  by  the  Bureau  o f  Land  Management  (BLM) ,  Tower
Resources  rnc . ,  has  no  in te res ts  in  Lands ,  op t ions  o r  pend ing  b ids
fo r  l -ands  wh ich  a re  con t iguous  to  the  permi t  a rea .

IV .  S tudy  Area

A.  Geo logy

The Book  c r i f f s  a re  bas ica l l y  a  homocr i -ne  (o ip  s rope)
d ipp ing  in to  the  U in tah  Bas in  w i th  the  c l i f f  f ron t  rough ly
para l le l i lO  th9  s t r i ke  o f  the  fea tu re .  The  beds  a re  mos t l y
un i fo rm w i th  d ips  o f  30  to  60  to  the  nor th  ano
nor theas t .  0ccas iona l  fau l - t s  cu t  the  coa l  measures  in  the
Book  C l i f f s  bu t  a re  o f  sma l l  d i sp lacement  and  have  been  o f
l i t t l e  consequence  in  m ln ing .  There  a re  no  fau l - t s  known to
ex is t  w i th in  the  Tower  M ine  p lan  a rea .  No  ma jo r  fau l t s
ex is t  i n  the  a rea  ad jacen t  to  the  m ine  p j -an  a rea ,  however ,
Doe l l i ng  (L972)  shows tha t  one  minor  fau l t  may  ex is t  abou !
one-ha l f  m i le  sou th  o f  the  por ta l  a rea .

Geo log ic  fo rmat ions  exposed  w i th in  the  m ine  p lan  a rea  a re
the  BLackhawk and  Pr i ce  R ive r  Format ion  oF  the  Mesa  Verde
Group  and  the  Nor th  Horn  and  F lags ta f f  members  o f  the
f {asa tch  Format ion  (F igure  3 ) .  The  B lackhawk Format ion ,
wh ich  d i rec t l y  over l i es  the  Mancos  Sha le  in  the  v i c in i t y  o f
the  Centenn ia l  P ro jec t  (Doe l l i ng ,  I972)  i s  the  m idd le  and
coa l  bear ing  un i t  o f  the  Mesa  Verde  Group .  The  B lackhawk
cons is ts  o f  a  basa l  sands tone  ( the  Aberdeen  Sands tone)
over la j -n  by  mass ive  beds  o f  g ray  to  bu f f  sands tone  w i th
a l te rna t ing  beds  o f  sandy  sha le ,  sha le  and  coa l  (C la rk ,
1928) .  In  the  v i c in i t y  o f  the  Centenn ia l  P ro jec t ,  the
B lackhawk Format ion  i s  approx imate ly  1000  fee t  th i ck
(Doe l l i ng ,  1972) .

Over l y ing  the  B lackhawk Format ion  i s  the  Pr i ce  R ive r
Format ion .  The  Pr i ce  R ive r  Format j -on  i s  composed  o f  a
mass ive  basa l -  sands tone  ( re fe r red  to  as  the  Cas t lega te
Sands tone)  and  upper  beds  over l y ing  the  Cas t lega te
(CIa rk ,  1928) .  The  Cas t lega te  Sands tone  cons is ts  o f
mass ive ,  f i ne -g ra ined  to  med ium-gra ined  sands tone  beds
(Doe l l i ng ,  L972)  wh ich  a re  g ray  to  bu f f  and  composed  ma in ly
o f  semi - rounded  quar tz  g ra ins  (C Ia rk ,  1928) .  The
Cas t lega te  Sands tone  i s  approx imate ly  25O fee t  th i ck  near
the  Tower  M ine  p lan  a rea  (Doe1 l ing ,  1972) .  The  upper
por t ion  o f  the  Pr i ce  R ive r  Format ion  cons is ts  o f  two  o r
more  th iek  beds  o f  sands tone ,  in te rbedded  w i th  th in -bedded
sha l -e  and  sandy  shaLe  (C la rk ,  L92B) .
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, t . \ 4 ' - 13 '  -  Cas t l  ega te  Bed

(Aberdeen Seam)

F igu re  3 .  Gene ra l i zed  co lumnar  sec t i on  o f  t he  Tower  m ine  p tan
a r e a  ( D o e l l i n g ,  1 9 7 2 ) .
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The Nor th  Horn  Format ion ,  the
Wasatch  Format ion ,  cons is ts  o f
sands tone ,  m i .nor  cong lomera te
Near  the  Tower  m ine  p lan  a rea ,
approx imate ly  600  fee t  th i ck .

Lower  mos t  member  o f  the
a  ser ies  o f  sha le ,  muds tone

and  f reshwate r  l imes tone .
the  Nor th  Horn  Format ion  i s

B.

The F lags ta f f  L imes tone ,  a lso  a  member  o f  the  Wasatch
Format ion ,  cons is ts  o f  th in -bedded  r imes tones ,  sha les ,  and
sands tones  (Doe1 l ing ,  I972) .  The  F lags ta f f  L imes tone  1s
exposed  jus t  no r th  o f  the  m ine  p lan  a rea  on  the  p la teau .

Topography  and  Prec ip i ta t ion

Topography  in  the  a rea  i s  genera l l y  ve ry  s teep  and  rugged ,
w i th  e l -eva t ions  rang ing  f rom approx imate ly  6400  fee t  to
8500  fee t  above  sea  leve I .  S lopes  vary  f rom ver t i ca l
e l i f f s  to  less  than  2  percen t .  The  en t i re  C IA  i s
charac te r i zed  by  a  sou th  to  sou th -eas t  ephemera l  d ra inage
sys tem tha t  o r ig ina tes  above  8400  fee t  and  p rogress ive ly
t raverse  nonmar ine  and  mar ine  c re taceous  rocks  and  a l l .uv ia l_
fan  depos i t s .  The  R igh t  and  Le f t  Forks  o f  Deadman Canyon
and  an  unnamed ephemerar  d ra inage  d ra in  the  wes te rn  por t ion
o f  the  C IA .  S t ra igh t  Canyonr  dh  unnamed ephemera l  d ra inage
and  Hof fman Creek  d ra in  the  sou theas te rn  por t ion  o f  the  C IA
and  a re  t r i bu ta ry  to  Coa l  Creek .  CoaL  Creek  and  Deadman
Canyon  a re  bo th  t r l bu ta ry  to  the  Pr l ce  R ive r .

Prec ip i ta t j -on  in  the  Book  C1 i f f s  Coa l  F ie ld  ranges  f rom 5
inches  to  a  max imum o f  20  inches  annua l l y .  For  the  mos t
par t  a long  the  coa l  ou te rops ,  t0  to  LZ  inehes  o f  ra ln  a re
expec ted  (  Doe l - l i ng ,  1972)  .

Mounta in -Brush ,  Deser t -Shrub ,  P inyon-Jun iper  f {ood land ,
Sagebrush-Grass ,  Con i fe r -Aspen  and  minor  s t ream s ide
vege ta t i ve  t ypes  cover  the  to ta l -  C IA .  Mos t  o f  the  a rea  i s
covered  by  the  Mounta in -Brush  type  wh i le  the  P inyon-Jun iper
WoodLand type  i s  p redominan t  in  the  m ine  mouth  a rea  as  we l l
as  the  access  rou tes  and  u t i l i t y  co r r ido rs .

Hydro log ic  Resources

A.  Ground  Water

The  p r inc ip le  fac to r  con t ro l l i ng  the  occur rence  and
ava i lab i l i t y  o f  g roundwate r  in  any  a rea  i s  geo logy .  As
no ted  by  Pr i ce  and  l , Jadde l l  (1972) ,  near l y  a I I  o f  the  reg ion
in  the  C IA  i s  under la in  by  rocks  o f  con t inen ta l  and  mar ine
or ig in ,  cons is t ing  p redominan t l y  o f  i n te rbedded  sands tones
and  sha l -es .  A l though  some o f  the  sands tones  in  the  reg ion

V.
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serve  as  the  p r inc ip le  wa te r -bear ing  s t ra ta ,  the i r  ab iJ - i t y
to  y ie ld  wa te r  fo r  ex tended  per iods  o f  t ime  i s  la rge ly
con t ro l l -ed  by  the  fac t  tha t  the  sands tone  beds  a re
re la t i ve ly  impermeab le  and  by  the  ex is tence  o f  the
impermeab le  in te rbedded  sha le  layers ,  wh ich  p reven t  the
downward  movement  o f  a  s ign i f i can t  amount  o f  wa te r .
Accord ing  to  the  U .  S .  Geo log ica l  Survey  (L979) ,
g roundwate r  in  the  reg ion  ex is ts  under  wa te r  tab1e ,
a r tes ian  and  perched  cond i t i ons .  V ' /a te r  tab le  cond i t i ons
ex is t  p r imar i l y  in  sha l low a l luv ia I  depos i t s  a long  la rger
perenn ia l  s t reams and  in  re la t i ve ly  f l a t  t y ing  sed imenta ry
rocks .  A r tes ian  cond i t i ons  ex is t  a t  g rea te r  dep ths  where  a
con f in ing  Iayer  over l i es  a  more  permeah le  s t ra ta .  However ,
p ressures  a re  genera l l y  no t  su f f i c ien t  to  p roduce  f low ing
we l -1s .

Snowmel t  a t  h igher  e leva t ions  p rov ides  mos t  o f  the
groundwate r  recharge ,  par t i cu la r l y  where  permeab le
l i tho log ies  such  as  f rac tu red  o r  so lu t ion  l imes tone  a re
exposed  a t  the  su r face .  Ver t i ca l  m ig ra t ion  o f  g roundwate r
occurs  th rough  permeab le  roek  un i t s  and /o r  a long  zones  o f
fau l t i ng  and  f rac tu r ing .  La te ra l  m ig ra t ion  in i t i a tes  when
ground  wate r  encoun te rs  impermeab le  rocks  and  con t inues
un t i l  e i the r  the  Land  sur face  i s  in te rsec ted  (and  spr ing
d ischarge  occurs )  o r  o ther  permeab le  l i t ho log ies  o r  zones
are  encoun te red  tha t  a lLow fu r ther  ve r t i ca l -  f1ow.

The  Ken i lwor th  Member ,  Sunnys ide  Member  and  Upper  Muds tone
Member  o f  the  B l -ackhawk Format ion ,  Cas t lega te  Sands tone ,
B luecas t le  Sands tone  Member  o f  the  Pr i ce  R ive r  Format ion ,
und i f fe ren t ia ted  Nor th  Horn /F lags ta f f  Format ion ,  and
Quate rnary  depos i t s  a re  po ten t ia l  reservo i rs  o r  condu i t s
fo r  g roundwate r  in  the  C IA .  Reservo i r  l i t ho log ies  a re
predominan t l y  sands tone  and  l imes tone .  Sands tone
reservo i . r s  occur  as  channe l  and  overbank  l -en t i cu la r  and
tabu la r  depos i t s ,  whereas  l imes tone  reservo j , r s  have
deve loped  th rough  soLu t ion  p rocesses  and  f rac tu r ing ,
Sha le ,  s i l t s tone  and  cemented  sands tone  beds  ac t  as
aqua lc ludes  to  impede g round-wate r  movement .  The  Mancos
ShaIe  i s  a  reg iona l  aquac lude  tha t  de l im i ts  downward  f low
wi th in  the  C IA .  Loca l i zed  aquac ludes  incLude  the  Aberdeen
Member  and  Lower  Muds tone  Member  o f  the  B lackhawk
Format ion ,  Lower  Unnamed Member  o f  the  Pr i ce  R ive r
Format ion  and  re la t i ve ly  th in  impermeab le  l i t ho log ies
occur r ing  w i th in  over l y ing  un i t s .

V{e l l  tes t  da ta  f rom two  wate r  we l -Ls
BLackhawk Format ion  near  the  por ta l
f rom pumping  tes ts .  WeI l  # I  i s  1 ]0
s ta t i c  wa te r  leve l  oF  58  fee t  be low

compLe ted  i n  t he
a rea  have  been  ob ta i ned
fee t  deep  and  had  a
l and  su r f ace  p r i o r  t o
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tes t ing .  A f te r  fou r  hours  o f  pump ing  a t  5A  ga l l -ons  per
minu te ,  the  wa te r  Leve l -  had  been  lowered  to  67  fee t  be l -c ' , v
land  sur face .  In  January  l9B l ,  a f te r  abou t .  t l r ree  mont f rs
use ,  th i s  we lL  was  a lmos t  d ry .  These  fac ts  ind ica te  Lhac
the  aqu i fe r  may  y ie ld  up  to  5 .5  ga l lons  per  m inu te  per  foo t
o f  d rawdown bu t  canno t  p roduce  a  sus ta ined  y ie ld  over  a
per lod  o f  t ime .

I t /e11  l t z  was  in i t i a l l y  d11 l l -ed  to  a  dep th  o f  L55  f  ee t  and
had  a  s ta t i c  wa te r  leve l -  o f  57  fee t  be low land  sur face .
A f te r  two  hours  o f  pump ing  a t  30  ga l lons  per  m inu te ,  the
wate r  leve l  t r yas  lowered  to  88  fee t  be low land  sur face .  The
we lL  was  then  d r i l l ed  to  a  dep th  o f  23O fee t  and  pumped
aga in .  A f te r  on ly  one  hour  o f  pump ing  a t  a  ra te  o f  30
ga l lons  per  m inu te  the  wate r  leve l  was  lowered  f rom 57  fee t
to  100  fee t  be low land  sur face .  A f te r  th ree  weeks  o f
pumping ,  in  February  o f  1981 ,  th i s  we l l  a l so  aLmost  d r ied
up .  The  tes t  resu l t s  f rom we l l  l t z  i nd ica te  tha t  the  wa te r
bear ing  zone  i s  .Less  t ransmiss ive  than  we l l  l f J -  bu t  l i ke
we l " l  l f : . - ,  i t  i s  ve ry  l im i ted  in  a reaL  ex ten t .

The  tes t ing  p rogram o f  we l l s  / l I  and  l t z  u /as  ve ry  l im i ted  and
as  a  resu l t  the  da ta  f rom these  tes ts  mus t  be  regarded  as
such .  However ,  es t imates  o f  t ransmiss iv i t y  and  a reaL
ex ten t  o f  the  aqu i fe rs  in  wh ich  these  we l l s  were  comp le ted
ind ica te  zones  o f  Low to  modera te  t ransmiss iv i t y  o f  l im i ted
area l  ex ten t .  In  genera l  these  fac ts  subs tan t ia te  the
len t i cu la r i t y  o f  the  B lackhawk Format ion  and  the  fac t  tha t
the  wate r  bear ing  zones  a re  perched  w l th  a  l im i ted  amount
o f  recharge .

Seeps  and  spr ings  were  inven to r ied  w i th in  and  ad jacen t  to
the  Tower  M ine  p lan  a rea .  Two spr ings  occur  w i th in  and
ad jacen t  to  the  m ine  permi t  a rea .  One spr ing  was
iden t i f i ed  approx i .mate ly  one-haL f  m i le  sou th  o f  the  por ta l
a rea  and  the  o ther  sp r ing  i s  loca ted  a t  the  mouth  o f
Ho f fman Canyon .  Bo th  o f  these  spr ings  occur  a t  o r  near  the
con tac t  o f  the  B lackhawk Format ion  and  the  Mancos  Sha le .
Average  f low 1s  es t imated  to  be  less  than  ten  ga l lons  per
minu te  fo r  each  spr ing .

In  L983  Tower  Resources  encoun te red  g roundwate r  in  an  a rea
o f  burned  coaL  dur ing  m in ing  opera t ions  ad jacen t  to  the
Emergency  Lease .  The  wate r  ex isLs  in  the  burn  a rea  be tween
the  under l y ing  and  over l y ing  sands tones .  The  burn  a rea  t
cons is t ing  o f  bu rned  coa l  and  rubb le ,  ac ts  as  a  reservo i r
w i th  l - im i ted  s to rage  capac i t y .  Recharge  i s  f rom d i rec t
in f i l - t ra t ion  o f  p rec ip i ta t ion  and  runo f f  d i rec t l y  in to  the
ou tc rop .  Due  to  the  permeab le  na tu re  o f  the  burned
ou tc rop ,  wa te r  eas i l y  perco la tes  in to  the  s t ra ta ,  f l ow ing
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downgrad ien t  un t i l -  the  max imum ava i lab le  s to rage  capac i t y
o f  the  burn  a rea  i s  ach ieved .  Fur ther  movement
downgrad ien t  i s  p reven ted  by  the  ex is tence  o f  the
re la t i ve ly  lmpermeab le  unburned  coa l .  Tower  es t imates  E ,1a t
approx imate ry  seven  mi l l i on  ga l rons  o f  wa te r  a re  con ta inec i
in  the  burn  a rea .

Very  l i t t l e  wa te r  has  been  encoun te red  in  the  P innac le
Mine .  V{a te r  tha t  has  been  encoun te red  has  been  in  the  fo rm
of  sma l l  roo f  l eakers  tha t  d ry  up  w i th in  a  few days  o r
weeks  a f te r  m in ing  p rogresses  downdr i f t .  M ine  in f low i s
mos t  l i ke ly  a t t r i bu ted  to  l -oca l i zed  zones  o f  sa tu ra t ion  in
the  B lackhawk Format ion .

B .  Sur f  ace  l {a te r

The  Tower  C IA  i s  s i tua ted  in  the  Book  C l i f f s  near  the
headwate rs  o f  the  Pr i ce  R ive r  Bas in .  In  genera l ,  the
chemica l  qua l i t y  o f  wa te r  in  the  headwate rs  o f  the  Pr i ce
R iver  Bas in  i s  exce l len t ,  w i th  th i s  wa te rshed  p rov id ing
most  o f  the  domest i c  wa te r  needs  o f  the  peop le  be low.
However ,  th i s  qua l i t y  rap id ly  de te r io ra tes  downs t ream as
the  s t reams c ross  sha le  fo rmat ions  (par t i cu la r l y  the  Mancos
ShaIe  in  and  ad jacen t  to  Cas t te  Va l1ey)  and  rece ive
i r r iga t ion  re tu rn  f l -ows  f rom Lands  s i tua ted  on
Mancos-der i ved  so i l - s  (Pr i ce  and  V{adde l - I  ,  1977)  .  Wi th in
the  Pr i ce  R ive r  Bas in ,  fo r  example ,  Mundor f f  (L972)  repor ts
tha t  the  Pr i ce  R ive r  and  i t s  t r i bu ta r ies  genera l l y  have  a
d isso lved  so l - ids  concen t ra t ion  o f  l -ess  than  400  mi l l i g rams
per  l - i t e r  ups t ream f rom He lper .  The  wate r  in  th i s  a rea  i s
o f  a  ca lc ium-b ica rbona te  t ype .  Be tween th is  po in t  and  the
con f l -uence  w i th  M i l -1e r  Creek ,  mos t  o f  the  f l ows  o r ig ina te
on  o r  t ranverse  Mancos  sha les .  Much  o f  the  f l ow i s  der i ved
f rom i r r iga t ion  re tu rn  f l ows .  The  Pr i . ce  R ive r  a t
We l l i ng ton ,  wh ich  i s  near  the  cen te r  o f  the  bas in ,  has  an
average  d isso l -veo  so l ids  con ten t  o f  abou t  1700  mi l l i g rams
per  L i te r  and  i s  o f  a  m ixed  chemica l  t ype
(ca lc ium-magnes ium-sod ium-su l fa te ) .  A t  fVoods ide ,  wh ich  i s
abou t  22  miLes  ups t ream f rom the  con f luence  o f  the  Pr i ce
R iver  w i th  the  Green  R iver ,  the  we igh teo  average  d isso lved
so l ids  con ten t  has  genera l l y  been  be tween 2000  and  4000
mi l l i g rams per  1 i - te r ,  w i th  the  wa te r  t ype  be ing  s t rong ly
sod ium-su l fa te .

Sed iment  y ie ld  f rom the  upper  por t ion  o f  the  bas in  i s
p robab ly  neg l ig lb le  (Mundor f f ,  I972) .  Accord ing  to  the  U .
S .  So i l  Conserva t ion  Serv ice  (L975) ,  e ros ion  ra tes  in  the
Pr ice  and  San  RafaeL  R iver  bas ins  va ry  f rom 0 .1  to  3 .O
acre - fee t  per  square  m i l -e  per  year .  The  bu lk  o f  the
sed j -ment  y ie lded  each  year  a t  the  mouth  o f  the  Pr i ce  R ive r
comes f rom l im i ted  a reas  covered  w i th  h igh ly  e rodab le
sha les  (Munc io r f f ,  1972) .
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The  Tower  m ine  p lan  a rea  i s  o ra ined  by  ephemera l  d ra inages
head ing  p r imar i l y  in  a  sou ther l - y  d i rec t ion .  The  R igh t  and
Le f t  Forks  o f  Deadman Canyon  and  an  unnamed ephemera l
d ra inage  o ra in  the  wes te rn  por t ion  o f  the  C IA  inc lud ing  :he
area  o f  the  su r face  fac i l i t i es .  S t ra igh t  Canyon ,  Ho f fman
Creek ,  and  an  unnamed ephemera l  d ra inage  d ra in  the  eas te rn
por t ion  o f  the  C IA  and  a re  t r l bu ta ry  to  Coa l  Creek ,  a
per ren ia l  s t ream.  Coa I  Creek  and  Deadman Canyon  a re  bo th
t r ibu ta ry  to  the  Pr i ce  R ive r .

Sur face  d is tu rbances  re la ted  to  coaL  min ing  occurs  on ly  in
the  R igh t  Fork  o f  Deadman Canyon .  In te rac t ion  be tween the
sur face  d is tu rbances  and  th is  ephemera l  d ra inage  a re
min im ized  due  to  sed iment  con t ro l  fac i l i t i es  tha t  a re  in
p lace .  M in ing  has  occured  benea th  the  R igh t  Fork  o f
Deadman Canyon ,  two  unnamed ephemera l  d ra inages ,  and
St ra igh t  Canyon .  M in ing  in  the  Emergency  Lease  w i l l
con t inue  under  the  Hof fman Creek  d ra inage .

The  ephemera l  d ra inages  f low in  response  to  snowmel t  and
ra in fa l l  even ts .  Wate r  qua l i t y  ana lyses  o f  snowmel t  runo f f
in  the  ephemera l  d ra inages  genera l l y  ind ica te  ma jo r
d isso lved  chemica l  cons t i tuen ts  o f  magnes ium,  sod ium,
su l fa te  and  b ica rbona te .

V I .  Po ten t ia l  Hydro log ic  Impac ts

A.  Ground  Water

Dewate r ing  and  subs idence  re l -a ted  to  m in ing  have  the
grea tes t  po ten t ia l  fo r  impac t ing  g roundwate r  resources  in
the  CIA .

Dewa te  r ing

Very  l i t t I e  wa te r  has  been  encoun te red  in  the  cu r ren t l y
opera t ing  m ine  w i th in  the  Tower  m ine  p lan  a rea .  l {a te r  tha t  has  been
encoun te red  has  been  in  the  fo rm o f  ve ry  sma l I  roo f  leakers  tha t  d ry
up  w i th in  a  few days  o r  week  a f te r  m in ing  p rogresses  downdr i f t .  No
mine  wate r ,  w i th  the  excep t ion  o f  the  in te rcep ted  burn  a rea  wate r ,
has  been  d ischarged  in  the  pas t .  Wate r  we l -1  tes t  da ta  lnd ica te
perched  aqu i fe rs  o f  l -ow t ransmiss iv i t y  and  l im i ted  a rea l  ex ten t .  A
min ing  induced  dewate r ing  impac t  i s  the re fo re ,  de te rmined  to  have  a
low p robab i l i t y .

Subs idence .

Subs idence  impac ts  a re  la rge ly  re la ted  to  ex tens ion  and
expans ion  o f  the  ex is t ing  f rac tu re  sys tem and  upward  p ropaga t ion  o f
new f rac tu res .  Inasmuch as  ve r t i ca l  and  la te ra l  m ig ra t ion  o f  wa te r
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appears  to  be  par t ia l l y  con t ro l - l -ed  by  f  rac tu re  condu i t s ,
read jus tment  o r  rea l ignment  in  the  condu i t  sys tem w i l - t  i nev i tab ly
p roduce  changes  in  the  con f igu ra t ion  o f  g roundwate r  f l -ow"

Poten t ia l -  changes  inc lude  inc reased  f low ra tes  a long  f rac tu res
tha t  have  r ropened"  and  d ive r t ing  f l ow a long  nev l l  f  rac tu res  o r
permeab le  l i t ho log ies .  Subsur face  fLow d j . ve rs ions  may  cause  the
dep le t ion  o f  wa te r  in  ce r ta in  Loca l i zed  aqu i fe rs ,  whereas  inc reased
f low ra tes  a long  f rac tu res  wou ld  reduce  g roundwate r  res idence  t ime
and po ten t ia l l y  improve  wate r  qua l i t y .

B .  Sur face  Water

The  ma in  concern  in  te rms  o f  impac t  to  su r face  wate r  i s
wate r  qua l i t y  de te r io ra t ion  downs t ream f rom the  mj .nes i te .
The  impac t  to  the  quan t i t y  o f  wa te r  i s  de te rmined  to  have
no  lmpac t  due  to  the  ephemera l  na tu re  o f  the  d ra inages .
A l l  d ra inages  in  the  C IA  f l -ow on ly  in  response  to  snowmel t
runo f f  and  ra in fa l f  even ts .  In f i l t ra t ion  ra te  and  runo f f
vo lumes  w i l l  no t  be  a f fec ted  by  the  m in ing  opera t ions .

The  a rea  in f luenced  by  su r face  d is tu rbance  i s  o f  l im i ted
area l  ex ten t  and  con f ined  on ly  to  the  R igh t  Fork  o f  Deadman
Canyon .  Sur face  sed iment  con t roLs  cur ren t l y  a re  in  p lace
and  w i l l  con t inue  to  be  in  p lace  dur ing  rec l -amat ion .  The
wate r  qua l i t y  impac ts  assoc ia ted  w i th  rec l -amat lon  w i l l -  be
min ima l  o r  nonex is ten t  due  to  the  fac t  a l l  d ra inage  f rom
the  d is tu rbed  a rea  w i l l -  be  rou teo  th rough  sed iment  con t ro ls
and  t rea ted  p r i -o r  to  any  re lease  i f  a  re lease  does  occur .

The  opera t iona l -  des ign  p roposed  fo r  the  Centenn ia l  P ro jec t
i s  here in  de te rmined  to  be  cons is ten t  w i th  p reven t ing
damage to  the  hydro log ic  ba lance  ou ts ic je  the  m ine  p lan  a rea

o372R
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