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SEEP AND SPRING IN\ZENTORY
OF THE CRANDAI,L CA}TYON IIINE

PERIIIT AND ADJACENT AREAS

1.0 INTRODUCTION

The Cranda-I1 Canyon Mine is an underground coal mine operated
by  Genwa l  coa l  company  i n  Emery  coun ty ,  u tah ,  sec t i onJ  5  and
6 ,  T .  16  s .  '  R .  7  8 . ,  s i g } , r .  The  m ine  ope ra tes  under  an  ex i s t i ng
permi t  f rom the utah Div is ion of  o i l ,  Gas,  and Min ing cover in !
an area of  B0 acres ( referred to  as Tract  1) .  Genwal  r r ls  appl ied
for a permit to extend their mining operation to the north into
an area referred to  as Tract  2  cover ing an area of  approx imate ly
75  ac res

On June 6 and 7 |  1985 a f ie ld  j -nvest igat j -on was conducted
to  i den t l f y  Lhe  l oca t i on  and  cha rac te r i s t i cs  o f  a l l  seeps  and
spr ings wi th in  the permi t  and adjacent  areas.  This  repor t  presents
the  resu l t s  o f  t h i s  i nven to ry  as  we l l  as  an  i n te r f re ta t i on  o f
the data co l lected theref rom.

s i x  f o rma t i ons  ou t c rop  w i t h i n  t he  c randa r l  canyon  M ine
pe rm i t  and  ad jacen t  a reas  i r i gu re  L ) .  Acco rd ing  t o  boe l l i ng
(79721 , the Masuk Shale t ' lember 

-of 
the Mancos Sha1e (Km on rigur6

1)  is  a  f - ight  gray to  brue-gray mar ine sandy shale.  This  uni t
is  exposed at  the mouth of  Cianbal l  Canyon a ia in  ad jacent . r . i "
a long Hunt ington Creek.

The  S ta r  po in t  Sands tone  (Ksp )  i s  p redom inan t l y  a  l i gh t
gray massive sandstone wi th  minor  in terbeaaea layers of  s f r i te
and  s i l t s t one .  r n  t he  v i c i n i t y  o f  t he  m ine ,  f h .  s t a r  po in t
Sandstone is  700 to  900 feet  th ic [ . .

The  B lackhawk  Fo rmat ion  (Kb )  i s  t he  p r i nc ipa l  coa l -bea r ing
un i t  i n  t he  reg i - on .  Th i s  f o rma t i on  cons i s t s  o f  i n t e rbedded
laye rs  o f  sands tone ,  sha le ,  and  coa l .  The  B lackhawk  i s  abou t
1000  fee t  t h i ck  i n  t he  m ine  a rea ,  w i th  the  p r i nc ipa r  coa l  seam
(the Hiawatha seam) occurr ing near  the bot tom of  tha format ion.

The Cast legate Sandstone 1xc)  over l ies the Blackhawk Format ion
and  cons i s t s  o f  c l i f f - f o rm ing  sands tones  o f  f r uv i a l  o r i g i n .
The  sands tones  a re  mass i ve  and  med ium to  coa rse  g ra j_ned .  rn
the area of  the mine,  the Cast legate Sandstone is  lpprox imate ly
300  fee t  t h i ck .

The  P r i ce  R i ve r  Fo rma t i on  (Kp r )  cons i s t s  p redom inan t l y
of  f r iab le l imy sandstone in terbedded wi th  pebbly  conglomerate l
and  sha res .  r t  f o rms  s teep  receed ing  s lopes  ana  i s  abou t  500
feet  th ick in  the mine area.
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The  uppe rmos t  f o rma t i on  t ha t  ou t c rops  w i t h i n  t he  s tudy
area 1s the Nor th Horn Format ion (Tw).  This  format ion consis ts
of  in terbedded l imestones,  sandstones,  and shales.  Due to h iqh
topograph ic  p resence  bu t  l im i ted  a rea l  ex ten t ,  t he  Nor th  Horn
Fo rma t i on  se rves  p r ima r i l y  as  a  r echa rge  un i t  t o  unde r l y i ng
format ions rather  than as an-  impor tant  source of  water  i tse l f .

The remainder  of  th is  repor t  j .s  d iv ided in to four  sect ions.
sec t i on  2 .0  d i - scusses  t he  me thods  used  du r i ng  t he  i nven to r y ,
f o l l owed  by  a  p resen ta t i on  and  d i scuss ion  o i  t he  resu l t s  i n
sec t i on  3 .0 -  The  po ten t i a r  impac ts  o f  m in ing  on  the  seeps  and
sp r i - ngs  -a re  p resen ted  i n  sec l i on  4 .  0 .  seC t i on  5 .0  p rbv ides
a l is t  o f  re ferences c i ted in  the repor t .



2.0 METIIODS

The boundary of  the s tudy area is  genera l ly  one mi le  f rom
the edge of the permit are.as (exist ing and proposed) for TracLs
1  and  2 ,  as  cons t ra i ned  by  t he  p resence  o f  Hun t i ng ton  C reek
on the east ,  B l ind Canyon on the nor th,  and the r idge between
Crandall Canyon and Litt le Bear Canyon on the south. The boundary
of  th is  s tudy area and the f ie ld  methodology were approved in
a d iscuss ion between Wayne Hedberg and Tom Suchoski -  o f  the Div is ion
and Richard Whi te of  Ear thFax Engineer ing,  Inc.  on May 8,  1985.

An  ae r ia l  reconna issance  o f  t he  s tudy  a rea  was  conduc ted
at  the beginning of  the f ie ld  invest igat ion to  prov ide a gross
ind i ca t i on  o f  sp r i ng  I oca t  j - ons  and  s i t e  access ib i  1 i t . y .  The
study area was then traversed on foot to al low springs and seepage
points  to  be prec ise ly  located,  examined,  and sampled.

Geo log i c  cond i t i ons  a t  a l I  seeps  and  sp r i ngs  we re  no ted
in  the  f i e ld ,  i nc lud ing  l i t ho log i c  and  s t ruc tu ra l  con t ro l s  and
the  geo log i c  fo rma t ion  f ro rn  wh ich  the  seepage  i ssued .  S igns
o f  usage  were  a l so  noLed .  The  f l ow  ra te  was  v i sua l l y  es t ima ted
and  ( i f  su f f i c i en t  wa te r  was  p resen t )  a  samp le  o f  t he  wa te r
was  co l l ec ted .  The  tempera tu re  o f  t he  wa te r  i ssu ing  f rom the
spr ing was measured at  the s i te .

A11 samples were analyzed in  the f ie td for  pH and speci f ic
conductance.  Due to t ime constra in ts ,  no samples were submit ted
for  addi t ional  laboratory analyses.  A l though th is  is  a  depar ture
from a previous commitment by Genwal to perform laboratory analyses
on  the  wa te r  samp les  ( see  l e t te r  t o  t he  D iv i s ion  da ted  Augus t
23 ,  ] -984 ) r  ( ve rba l  app rova l  was  ob ta ined  du r ing  the  May  I '  i ggs
meet ing to  prec lude laboratory analysesJ

Due to the s teep,  o f ten inaccessib ler  and somet j -mes heavi ly
vegetated nature of  the s tudy area,  i t  is  poss ib le  that  a  l imi ted
number of  seeps and spr ings at  the s i te  were not  found dur ing
the inventory.  However ,  the seeps and spr ings that  were found
are considered representat ive of  local  condi t ions.



3.O RESULTS AND DISCUSSTON

Resu l t s  o f  t he  seep  and  sp r i ng  i nven to r y  a re  con ta i ned
in  Tab le  L .  Loca t i ons  o f  t hese  sou rces  a re  shown  i n  F iqu re
2 .

Over  50 percent  o f  the seeps and spr ings inventor ied issued
from the Blackhawk Format ion.  F low raCes at  these points  tend
to  be  m in ima l  ( l ess  t han  1  ga r  l on  pe r  m j -nu te )  ,  w i t n  seepage
issuing predominant ly  at  the in ter face between sandstone lenses
above  and  l ess -pe rmeab le  sha le  l aye rs  be low .  usage  a t  t hese
points  is  a lso min imal ,  due to  the low f low rate and bf ten inac-
cess ib i l i t y  o f  t he  seeps .

Notable except ions to  the above genera l i ty  concern ing the
Blackhawk Format ion occur  in  a few spr ings that  issue f rom f ractured
sands tone  w i th in  the  fo rma t ion .  Examp les  o f  t h i s  phenomenon
were found in the western port ion of the l tudy are (sp-53 through
sP-58  )  '  where  f  l ow  ra tes  o f  up  to  i - 5  ga r r -ons  pe r  m inu te  we ie
encoun te red .  T rave r t i ne  depos i t s  a re  common a t  t hese  sp r ings ,
suggestj-ng that the recharge area for these springs is dominated
by r imestone (probably  the Nor th Horn normaCion on the r idges
to the nor th and west) .

Severa l  seePs were d iscovered issu ing f rom col luv j -um over ly ing
sandstone of  the Btackhawk Format ion and the Cast legate Sandstone.
These  seeps  no rma l t y  occu r  i n  d ra i nage  bo t t omg  whe re  sha l l ow
subsur face water  co l lects  at  topographic  lows fo l lowing in f i l t ra t ion
o f  snowme l t .  Nea r l y  a t1  f r ows  k rom seeps  o f  t t i i s  t ype  we re
ins ign i f icant ,  suggest ing ( together  wi th  the topographic  pbs i - t ion)
that  these seeps are in termi t tent  in  nature.

Mos t  seeps  and  sp r i ngs  f ound  i - n  t he  cas t l ega te  and  s ta r
Point  Sandstones issue 

- f rom-bedding 
p lanes wi th in  these format ions.

FJows  i ssu ing  i n  t h i s  manne r  we re  gene ra l l y  l ow  (1  ga l1on  pe r
m inu te  o r  l ess ) ,  w i th  on l y  occas iona r  usage  be ing  ev iden t  ( -due
pr imar i l y  t o  i naccess ib i l i t y  and  l ow  f l ow  ra te ) .

usage of  seeps and spr ings in  the s tudy area is  conf ined
ent i re ly  to  deer ,  e lk ,  and other  wi ld l i fe .  No s igns were noted
of  use of  the spr ings for  s tockwater ing or  human consumpt ion.
As  wou ld  be  expec ted ,  w i l d r i f e  usage  o f  t he  sp r i ngs  i s  mos t
abundant  where f lows are greatest .

Data contaj-ned in Table I indicate that the specif ic conductance
of  water  issu ing f rom spr ings in  the s tudy area genera l ly  increases
w i th  i nc reas ing  s t ra t i g raph ic  dep th .  sp r i ngs  i ssu ing  f rom the
Pr ice River  Format ion typ icat ly  had a speci f ic  conductance vary ing
f rom L50  to  450  umhos /cm a t  25oc  wh i l e  t hose  i ssu ing  f rom the
B lackhawk  Fo rma t i on  and  S ta r  Po in t  Sands tone  had  a  spec i f i c



Table 1.  Resul ts  of  seep and spr ing inventory in  the permi t  and adjacent  areas.

F i e l d
Number

F low
(gpm)

pH
(  Un i t s  )

S p e c i f i c
g o n 6 .  ( a )

Temp
(oc)

Geology Use

S P - 1

sP-2

SP-3

S P - 4

S P - 5

S P - 6

S P - 7

S P - 8

S P - 9

sP-l_0

L0

20

( b )

(b )

8 .L2

7 .86

(b )

7  . 67

8 .36

7 .95

(b )

7  . 90

( b )

( b )

730

660

( b )

590

440

280

(b )

220

(b )

(b )

L7 .0

10 .  0

(b )

4 .5

10 .0

3 .5

(b )

10 .  0

From base of SLarpoint SS over
Masuk Sh. Member of Mancos Sh.

From base of Starpoint SS over
Masuk Sh. Member of Mancos Sh.

From sandstone bedding plane
in Starpoint SS

From col luv ium at  head of
landsl ide in  Blackhawk Fm.

From col luv ium over  sandstone
in Starpoint  SS

From sandstone bedding p lane
in Blackhawk Fm.

From snow patch at top of
Cas t l ega te  SS

From snow patch at top of
Cast legate SS

From sandstone/sha1e in ter face
Cast legate SS/Blackhawk Fm.

From snow patch at  base of
Cas t l ega te  SS

None

None

None

Deer and e1k

None

Deer and e1k

Deer and e1k

Deer and e lk

None

Deer and e lk40



Tab le  1 . (Cont inued)  .

F i e l d
Number

F low
(gpm)

pH
(  Un i ts  )

S p e c i f i c
Cona.  (a )

Temp
(oc)

Geology Use

sP-l-L

sP-12

SP-13

SP-14

sP-l_5

sP-l-  6

SP-1  7

sP-L&-

sP-1-9

SP-2  O

( b )

7  . 66

8 .57

8 .1 -0

(b )

8 .34

7 .7 t

7  . 42

7  . 60

(b )

( b )

250

100

150

(b )

560

460

500

620

(b )

(b )

3 .0

7 .0

5 .5

(b )

L4 .5

r -0 .0

7 .0

6 .5

(b )

From colluvium over sandstone
of  Cast legate SS

None

15

25

From base of sandstone (prj-ce Deer and elk
River Fm. ) in channel bottom

From sandstone at  head of  s l ide Deer"and e lk
in  Pr ice River  Fm.

From f ractured sandstone and Deer  and e1k
soi l  in  Pr ice River  Fm.

From col luv ium over  sandstone None
in Blackhawk Fm.

From sandstone at  head of  s l ide Deer
in Blackhawk Fm.

From sandstone/shale in ter face Deer  and e lk
in Blackhawk Fm.

From sandstone bedding p lane Deer  and e lk
in  Star  Point  SS

From sandstone at  head of  s l ide None
in Blackhawk Fm.

From sandstone bedding p lane None
in Star  Point  SS

L0



T a b l e  l - . (Cont inued)  .

F i e l d
Number

F low
(gpm)

pH
(Un i t s  )

Spec i f i c
g i n6 .  ( a )

Temp
(oc)

Geology Use

SP-21

SP-22

SP-23

5P.24

SP-25

sP-2  6

sP-27

SP-2  B

SP-29

SP-3 O

0

<<L

0

l_

8 .53

8 .05

8 .02

7 .35

6 .  B0

(b )

(b )

(b )

(b )

8.  r -0

820

230

550

790

820

(b )

(b )

(b )

(b )

1060

13 .5

3 .5

6 .0

6 .0

L0 .  0

(b )

(b )

(b )

(b )

r -6 .5

<1

From sandstone bedding p lane
in Star  Point  SS

From fractured sandstone over
shale in  Blackhawk Fm.

From sandstone/shale in ter face
in Blackhawk Fm.

From sandstone/sha1e in ter face
in Blackhawk Fm.

From sandstone bedding plane
in Star  Point  SS

Deer

None

None

Deer and e lk

None

From road cut, sandstone bed- None
ding p lane in  Star  Point  SS

From col luv ium over  sandstone None
in Star  Point  SS

From road cut, sandstone bed- None
ding p lane in  Star  Point  SS

From road cut, sandstone bed- None
ding p lane in  Star  Point  SS

From sandstone/shale in ter face None
i -n Blackhawk Fm.



T a b l e  1 . (Con t inued)  .

F i e l d
Number

F low
(spm)

pH
(Un i t s  )

Spec i f i c
gon6 .  ( a )

Temp
(oc)

Geology Use

sP-31_

SP-3  2

SP-33

SP.3  4

SP-3 5

sP-3 6

SP-3 7

sP-3.8__

SP-3  9

SP-40

( b )

( b )

( b )

( b )

( b )

8 . 3 9

( b )

8.22

( b )

( b )

( b )

( b )

( b )

( b )

( b )

8 9 0

( b )

1 1 8 0

( b )

( b )

( b )

( b )

( b )

( b )

( b )

r_6.0

( b )

9.0

( b )

( b )

0

<<l_

0

0

2

0

<l_

0

0

From colluvi-um over sandstone
in Blackhawk Fm.

From col luv ium over  sandstone
in Blackhawk Fm.

From al luv ium over  sandstone
in Blackhawk Fm.

From col luv ium over  sandstone
in Blackh.awk Fm.

From col luv ium over  sandstone
in Blackhawk Fm.

From sandstone/shale in ter face
in Blackhawk Fm.

Erom sandstone bedding p lane
in Blackhawk Fm.

From sandstone/shaIe i -n ter face
in Blackhawk Fm.

From sandstone beddj_ng plane
in Blackhawk Fm.

From sandstone bedding p lane
in Blackhawk Fm.

None

None

None

None

None

Deer and e lk

None

Deer and e1k

None

None



T a b l e  l - . (Cont inued)  .

F i e I d
Number

F l o w
( g p m )

pH
(  Un i ts  )

Spec i f i c
Cona .  ( a )

Temp
(oc)

Geology Use

F
o

sP-41

sP-42

SP-43

sP-44

SP-45

SP-4  6

SP-47

sP-48 -

SP .49

SP-50

<<L

<<L

0

0

0

0

0

0

0

0

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

(b )

(b )

(b )

(b )

(b )

(b )

(b )

(b )

(b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

From col luv ium over  sandstone None
in Blackhawk Fm.

From col luv ium over  sandstone Deer  and e lk
in  Blackhawk Fm.

From col luv ium over  sandstone None'
in Blackhawk Fm.

From col luv ium over  sandstone None
in Blackhawk Fm.

From col luv ium over  sandstone None
in Blackhawk Fm.

From sandstone bedding plane None
in Cast legate SS

From sandstone bedding plane None
in Cast legate SS

From colluvium over sandstone None
in Blackhawk Fm.

From sandstone bedding plane None
in road cut in Blackhawk Fm.

From sandstone/shaIe in ter face None
in s lump in  Blackhawk Fm.



T a b l e  1 - . (Cont inued)  .

F i e l d
Number

F low
(gpm)

pH
(  Un i t s  )

Speci f ic
gon6 .  (a )

Temp
(oc)

Geology Use

H
ts

sP-5L

SP-52

SP-5  3

SP-54

sP-55

SP-5  6

SP-5  7

sP-5&-

SP-59

SP-6  O

l_

t_5

l_0

1_5

l_0

(b )

7  . 99

7 .3L

7 .35

7  . 36

7  . 6L

7.3s

7  . 40

7  . 43

(b )

(b )

600

490

500

480

490

480

500

690

(b )

(b )

L2 .0

5 .5

5 .5

5 .5

5 .5

5 .5

5 .0

7 .0

(b )

From sandstone/sha1e in ter face None
in slump in Blackhawk Fm.

From col luv ium over  sandstone Deer
in  Blackhawk Fm.,  w/  t raver t ine

From fractured sandstone with Deer
travert ine in Blackhawk Fm-

From fractured sandstone with Deer
travert ine in Blackhawk Fm.

From fractured sandstone with Deer
travert ine in Blackhawk Fm.

From f ractured sandstone wi th  Deer
travert ine in Blackhawk Fm.

From fractured sandstone with Deer
travert ine in Blackhawk Fm.

From fractured sandstone in Deer
Blackhawk Fm.

From col luv ium over  sandstone
in Blackhawk Fm.

From sandstone bedding p lane
in  Cas t l ega te  SS

Deer

None



T a b l e  1 . (Con t inued)  .

F i e l d
Number

F low
(gpm)

pH
( U n i t s  )

S p e c i f i c
g o n 6 .  ( a )

Temp
(oc)

Geology Use

SP-6  1

SP-6  2

SP-63

SP-6  4

SP-6  5

SP-6  6

SP-6  7

SP-68

SP-6  9

SP-70

L5 7 . 3 6

( b )

( b )

7 . 3 3

7  . 4 3

( b )

( b )

( b )

( b )

7  . L 7

450

(b )

(b )

440

430

(b )

(b )

(b )

(b )

550

2.0

( b )

( b )

3.0

5 .0

( b )

(b )

(b )

(b )

3 .5

From fractured sandstone in
Pr ice River  Fm.

From sandstone/shale in ter face
in Price Ri-ver Fm.

From sandstone/shaIe in ter face
in Pr ice River  Fm.

From f ractured sandstone in
Pr ice Ri -ver  Fm.

From col luv ium over  sandstone
in Pr ice River  Fm.

From sandstone/shale in ter face
in Blackhawk Fm.

From sandstone bedding p lane
in Cast legate SS

From sandstone bedding plane
in Cast legate SS

From sandstone bedding p lane
in  Cas t l ega te  SS

From f ractured sandstone in
in  P r i ce  R ive r  Fm.

Deer and e1k

None

None

Deer

Deer  and e1k

None

None

None

None

Deer

10

15

ts
N

0

i-5



T a b l e  l - . (Cont i -nued)  .

F i e l d
Number

F low
(gpm)

pH
(Un i t s  )

Spec i f i c
gon6 .  ( a )

GeologyTemp
(oc)

Use

F
u)

sP-71-

5P.72

SP-73

sP-7 4

SP-75

SP-7  6

sP-77

'"-l:
SP-79

SP-BO

0

<<l_

0

0

0

1_

0

0

0

0

( b )

( b )

( b )

( b )

( b )

7  . 4 8

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

9 6 0

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

10.0

( b )

( b )

( b )

( b )

From sandstone bedding plane None
in Cast legate SS

From sandstone/sha1e in ter face None
in Pr ice River  Fm.

From sandstone/shale in ter face None
in Blackhawk Fm.

From sandstone/shale in ter face None
in Blackhawk Fm.

From sandstone/sha1e in ter face None
in Blackhawk Fm.

From sandstone/shale in ter face Deer
in  Blackhawk Fm.

From sandstone/shale in ter face None
in Blackhawk Fm.

From sandstone bedding plane None
in Star  Point  SS

From sandstone bedding p lane None
in Star Point SS

From sandstone beddinq plane None
in Star  Point  SS

( a )
( b )

I n  pmhos /cm
I  nsu f f i c i en t

a t  25oC
water  to  sample
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conduc tance  va ry i ng  f r om 500  t o  1o0o  umhos /cm a t  25oc .  Th i s
inc rease  i n  spec i f iC  conduc tance  i s  i nd i ca t i ve  o f  l each ing  o f
minerals by the groundwater as i t  f lows through increasing tenltns
of  bedrock to  the rower s t rat igraphic  pos i t ions.

. The hydrogen ion activity (pH) of water issuing from springs
in the study area showed no trends within or betwe6n formatlons.
Va rues  va r i ed  f r om 6 .80  t o  8 .52 ,  ave rag ing  7 .74 .  Hence ,  sp r i ng
water  in  the s tudy area is  s l ight ly  a lka l inL.

wa te r  t empera tu re  va r ied  w ide l y  a t  t he  s i t e .  rn  genera l ,
temperatures were lowest  in  spr ings issu ing f rom f ractures and
highest  in  spr ings issu ing f rom sf raf low col luv ium over  bedrock.

Based on the seep and spr ing inventory,  two genera l  conclus ions
can  be  d rawn-  conce rn ing  the  occu r rence  o f  g roundwate r  i n  t he
v i c in i t y  o f  t he  c randa l  I  canyon  M ine .  Mos t  o f  t he  seeps  and
some of  the lower- f lowing spr ings in  the area issue a long sandstone
bedding p lanes or  a t  the in te i tace between over ly ing sandstones
and under ly ing less-permeable shales.  rn  s imple te fms,  groundwater
under  these  cond i t i ons  f l ows  ve r t i ca l l y  f rom the  r " c f , " rg "  a rea
to  the  under l y ing  con f i n ing  bed  ( sha le )  o r  more  pe rmeab le  zone(bedding p lane) ,  whereupon the f low becomes hor izonta l  and f lows
to the sur face.  F low under  these condi t ions is  low,  s j -nce most
of  the f low occurs in  unf ractured bedrock.

The  o the r  gene ra l  cond i t i on  occu rs  whe re  sp r i ngs  i s sue
from f ractured bedrock.  The temperature and specl f ic  conductance
o f  wa te r  d i scha rged  f rom thes -e  sp r ings  tends  to  be  rower  and
f l ows  tend  to  be  h ighe r  t han  tha t  o f  o the r  seeps  and  sp r ings
in the area '  suggest ing a topographica l ly  h igher  so i rce of  recrrarge
and  a  sho r te r  f l ow  t ime .  T r r i s  i s  cons i s ten t  w i th  the  h igh6 r
hydraul ic  conduct iv i ty  o f  the f ractures re la t ive Lo the unfractured
bedrock .
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4.0 SUBSIDENCE IMPACTS

A pos i t i ve  l im i t  ang le  o f  600  f rom ho r i zon ta l  was  assumed
to est imate the ef fects  of  subsidence on the seeps and spr ings
found dur ing the f ie ld  inventory.  This  l imi t  angle was se lected
to  con fo rm w i th  p rev ious  work  comp le ted  by  Coa l  Sys tems  (1981)
for  Genwal  Coal  Company.  This  pos i t ive l imi t  angle is  considered
conse rva t i ve  f o r  es t ima t i ng  subs idence  impac t s  s j - nce  Dun rud
(L976)  found posi - t ive l imi t  angles that  var ies f rom 690 in  weak
ove rbu rden  to  75o  o r  more  i n  modera te l y  s t rong  ove rbu rden  i n
geo log i ca l l y  s im i l a r  a reas  i n  t he  Book  C l i f f s  m in ing  d i s t r i c t ,
u tah  and  t he  sommerse t  m in i ng  d i s t r i c t ,  co l o rado .  The  rowe r
pos i t i ve  l im i t  ang le  assumed  fo r  t h i s  assessmen t  i nd i ca tes  a
greater  area of  d is turbance f rom subsj_dence.  

a 
_

M ine  p lans  fo r  t he  Cranda l l  Canyon  M ine  i nd i ca te  tha t \  80 , ,
pe rcen t  ex t rac t i on  w i  I  I  occu r  t h roughou t  t he  m j . ne  ,  w i th  th6
except ion of  barr ier  p i l lars  at  the lease boundar ies.  The barr ier
p i1 lar  a t  the southern lease boundary wi l l  be suf f ic ient ly  wide
to prec lude subsidence a long Crandal l  Creek,  thus l imi t ing subsidence
in areas nor th of  the creek.

Us ing  a  pos i t i ve  l im i t  ang le  o f  600 ,  t he  max imum a rea  o f
po ten t i a l  subs idence  was  de te rm ined  as  shown  in  F igu re  3 .  As
no ted  by  th i s  f i gu re ,  11  seeps  and  sp r ings  were  found  du r ing
the  f i e l d  i nven to r y  i n  t he  a rea  o f  po ten t i a l  subs idence .  A
compar i son  w i th  Tab le  L  i nd i ca tes  tha t ,  w i th  the  excep t i on  o f
sP-46 and Sp-47,  a l l  o f  these 11 issue f rom the Blackhawk Format ion.
The  two  excep t i ons  i ssue  as  seeps  f rom bedd ing  p lanes  i n  t he
Cas t l ega te  Sands tone .

The maximum f low encountered wi th in  the area of  potent ia l
subs idence  was  L  ga I l on  pe r  m inu te  (SP-30 ) .  Th i s  f l ow  occu rs
as  d i f f use  seepage  above  the  m ine  po r ta l s  and  i s  co l l ec ted  i n
a  p i pe  and  rou ted  a round  t he  po r t a l s  t o  p reven t  p rob lems  a t
the por ta l  face.  There were no s igns of  usage of  th is  spr ing.
The  on l y  rema in ing  sp r ing  d i scove red  i n  the  a rea  o f  po ten t i a l
subsidence wi th  a f low suf f ic ient  to  sample (SP-38)  showed some
signs of  deer  and e lk  usager  but  had a f low of  1ess than I  gra l lon
pe r  m inu te .  A l l  o the r  sou rces  i ssued  as  seeps  w i th  f l ows  too
sma l l  t o  pe rm i t  samp l ing .

Deer  and e1k t racts  and droppings were noted in  the v ic in i ty
o f  SP-38  and  SP-42 .  O the r  t han  these  two  seeps r  no  o the r  s igns
of  usage were seen wi th in  the area of  potent ia l  subsidence.

Based on th is  in format ion,  subsidence f rom min ing in  Tracts
1 and 2 wi l l  have min j -mal  impacts on water  suppl ies f rom seeps
and  sp r i ngs  i n  t he  v i c i n i t y  o f  t he  m ine .  W i l d l i f e  usage  o f
the area to  be impacted is  essent ia l ly  nonexis tent ,  ind icat ing

,lp
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! l ' . t  d i sp lacemen t  o f  w i l d l i f e  due  to  subs idence  w i l l  be  m in ima l .
F low rates encountered wi th in  the area of  potent ia l  subsidence
dur ing the inventory hrere min imal ,  

" r r " .  
though the f ie ld  invest i -gat ion was conducted shor t ly  a f ter  the snowimel t  per iod.  Hence,

the  sp r ings  w i th in  the  a rea  o f  po ten t i a l  subs idence  rep resen t
an  i ns ign i f i can t  resou rce  to  the  l oca r  w i l d l i f e .
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