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ASSTRACT 

A regional hydrogeologic model i s  used t o  inves t iga te  the potential  

fo r  water recharging i n  t he  Tushar Nountains t o  move a t  depth beneath the  

Mineral Mountains t o  discharge in Milford Valley. Simulations car r ied  o u t  

over a range of water t a b l e  posi t ions a n d  assumed depths t o  a lower 

impermeable boundary suggest i t  i s  u n l  ikely t h a t  the  topographic 

configuration alone could dr ive  such a flow system. Spec i f ic  geologic 

conditions a re  necessary i f  in te rbas in  flow i s  t o  occur. However, 

simulations based on a simplfied hydrologic model of the  regional geology 

suggest t h i s  i s  n o t  the  case. A regional hydraulic anisotropy g rea t e r  t h a n  

1 O : l  (Kx/Kz) leads t o  interf low i f  t he  g ran i t i c  Mineral Mountain pluton a n d  

t he  volcanics in the  Tushar lvlountains have s imi l a r  hydraulic conductivites.  

I f  e i t h e r  of these units i s  more nearly i so t rop ic  or i f  t h e  g r a n i t i c  rocks 

have a g rea t e r  ve r t i ca l  t h a n  horizontal  hydraulic conduct ivi ty ,  no 

interbasin f l o w  i s  observed. On the bas i s  o f  avai lab le  geologic evidence, 

t h i s  l a t t e r  case seems t o  be t he  most l ike ly .  
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The regional topography in the v i c in i ty  of the  Roosevelt Hot S p r i n g s  

The thermal area suggests the poss ib i l i t y  of in te rbas in  flow (Figure 1 ) .  

Tushar Moun ta ins  t o  the eas t  reach elevat ions of over 10,000 f ee t .  The 

smaller Mineral Mountains a t t a i n s  e levat ions u p  t o  9000 f e e t .  The surface 

elevat ion of the  intervening Beaver Valley ranges from 5800 t o  6200 f e e t .  

The valley f loo r  west of the  Mineral Mountains has a surface elevat ion of 

4900 f e e t .  

beneath the  Mineral Mountains t o  discharge in Milford Valley. I f  t h i s  i s  

the  case,  natural recharge t o  the  thermal area would be grea te r  t h a n  t h a t  

o r ig ina t ing  so le ly  from prec ip i ta t ion  in the Mineral Mountains. During 

thermal production, long-term withdrawals from storage wil l  be influenced 

by t h i s  recharge source. 

pat terns  t i e d  t o  the  or ig ins  of the geothermal resource. 

ldater recharging i n  the  Tushar Mountains may move a t  depth 

I t  may a l so  contr ibute  t o  the  deep c i rcu la t ion  

This report  describes a model study of the  regional hydrogeol ogic 

regime. A two-dimensional ver t ica l  cross sect ion perpendicular t o  the 

s t r i k e  of the  regional topography forms the  basis  o f  the  model. Two 

questions a re  addressed. F i r s t ,  i s  a topographically driven flow system 

from the Tushar Mountains t c  Milford Valley possible? Second, what  

geologically reasonable conditions may lead t o  interbasin flow? 

Three parameters determine the  nature of the  regional groundwater flow 

regime. These are:  i )  the  topographic configuration of the water t ab le ;  

i i  ) the  subsurface geology which determines the  spa t ia l  d i s t r ibu t ion  of 

hydraulic conductivity;  a n d  i i i )  the  r a t i o  of the depth t o  l a t e r a l  extent 

of the flow domain. This l a s t  parameter i s  f ixed by the depth t o  an 
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assuxed 1 over iriipermeabl e b o u n d a r y .  

Any model of a real-world syste;n must be ca l ibra ted  against  f i e l d  

I n p u t  t o  t he  rnodel conditions before being used in a predict ive mode. 

( e .g . ,  hydraulic conduct ivi ty ,  plater t ab l e  e leva t ion)  i s  n o r m a l l y  varied in 

a t r i a l  -and-error ad jus tmnt  t o  match model o u t p u t  with measured hydrau l  i c  

head values froci the f i e l d .  

regional sca le  precludes a d e f i n i t i v e  assessment o f  the  flotw system. 

ga ther ,  a de ta i led  s e n s i t i v i t y  analysis  i s  car r ied  o u t  over reasonable 

pararneter ranges and  pl ausi b l  e geologic conditions.  

I n  oilr case,  the paucity of f i e l d  d a t a  on a 

The repDrt comprises three  sect ions.  F i r s t ,  using published da ta ,  the  

regional geology will be sumrnarized in a h y d r o l o g i c  context.  Second, the 

modeling technique will be b r i e f ly  revieved a l o n g  :.,ith t h e  assunptions 

whicn must be ciade i n  applying the  model t o  t h i s  f i e l d  s i t e .  

r e su l t s  of the s e n s i t i v i t y  analysis  \!ill  be presented a n d  i np l i ca t ions  f o r  

in te rbas in  flop/ discussed. 

Third, the 

K E G  I O I l A L  H Y D K O S E O L O G Y  

Tne r e g i o n  o f  f l o u  f o r  tile ground;fater simulations i s  a ver t ica l  

cross-section taken fron Seaver Kiver in i l i l ford Valley t o  the  drainage 

divide in t h e  Tushar ilountains. The t r ace  o f  the  sect ion i s  shown in 

Figure 1. The section passes through the Roosevelt KGdA i n  the  v ic in i ty  of 

the Llpal :?ourid.  

t i i l l .  

I t  crosses the northern end o f  Beaver Valley a t  G i l l i e s  

As such, 3eaver Valley proper does not  en te r  i n to  the siiaulations. 

A simplif ied model of the hydrogeologic systei-1 i s  sho,/n in Fiqure 2 .  

Thc upper aoundary  of t h e  sinulated flow f i e l d  i s  th? est inated ;later t ab l e  

posi t ion.  The base of  the  f l o i r  f i e l d  i s  se t  a t  e levat ion -6i)O f t .  3 0 t h  



9000 

A TUSHAR VOLCANICS 

B BEAVER V A L L E Y  A L L U V I U M  
+ C M I N E R A L  MOUNTAIN PLUTON 

D PRECAMBRIAN GNEISS 
E T E R T I A R Y  V A L L E Y  FILL 

6000 2 
z 
0 - 
L - 
4 w F M I L F O R D  V A L L E Y  A L L U V I U M  
W 
1 
W 

3000 
A 

0 

40,000 80,000 I20,OOO I 6  0,000 

D I S T A N C E  A L O N G  S E C T I O N  F R O M  B E A V E R  R I V E R  IN MILFORD V A L L E Y  ( F T . )  

Figure 2:  Basic hydrogeologic configuration. 

P 



-5  

the upper a n d  lower boundaries on the flo:.! f i e l d  \ , / i l l  be varied in the 

s e n s i t i v i t y  analysis .  The geolDgic configuration i d e n t i f i e s  a n  assuned s e t  

of hmogeneous nydrologic uni t s .  The boundaries between these uni t s  a re  

varied in a subset of the s inu la t ion  t r i a l s  in l i g h t  of t h 2  uncertainty in 

t h e i r  locat ion.  I n  some siniulation runs, ident ica l  values of hydraulic 

cor1ductivit.y will  be assigned t:, several o r  a l l  o f  these gcologic uni ts .  

I n  other s inu la t ion  runs ,  various tiydraul i c  conductivity cont ras t s  betwen 

uni t s  will  Se spec i f ied .  

o f  these uni ts  i s sunrnari zed bel ow. 

Available and inferred h.ydrologic d a t a  f o r  each 

The western s ide of t h 2  Tushar idountains cons is t  of a thick p i l e  of 

Ter t ia ry  volcanics ( C a l l a g h a n  a n d  Parker, 1961) .  The b u l k  of the rocks 

belong t o  the 3ul l ion Canyon volcanics,  conposcd of  andes i t ic  flo;.rs, t u f f s  

a n d  breccias.  The is lount  3elnap rhyol i te  forms the peaks of the Tushars in 

the region of i n t e r e s t .  I t  i s  a tuffaceous rhyo l i t e  vlith fea tures  

c h a r a c t e r i s t i c  o f  welded t u f f s .  B o t h  uni ts  a r e  f a i r  y we11 jointed in 

outcrop .  A q u a r t z  aionzonite stock i s  located in the vicini t ,y  of the  

cross-sect ion nodeled. These uni t s  a re  considered as a s i n g 1  e hydrologic 

u n i t  i n  t h e  inodel study. 'The t o t a l  thickness o f  t h e  volcanics a t  t h i s  s i t e  

and  t he  nature o f  t h e  underlying geology i s  not k n o m .  

Hydraulic conductivity d a t a  a re  not  ava i lab le  f o r  t h c ?  volcanics in the  

Tushar I.lountai ns. 

are  used as a guide in character iz ing i t s  hydrologic behavior. l l i n o g r a d  

(1971)  rev iem the hydrogeology of welded a s h  flow t u f f s  f r m  s i t e s  within 

the central  Srcat Basin of Nevada a n d  Utah .  Eakin (1955)  b r i e f l y  discusses 

the hydrogeol ogy of sir:ii 1 ar  volcanic rocks in eastern Ilevada. K13nkcnnagel 

and iJeir (1973)  de t a i l  the h y d r o l o g i c  bchavior o f  ash flo;., t u f f s  and  

Pub1  i shed d a t a  f o r  sirni 1 ar rock types fron nearby areas 
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r h y o l i t i c  l a v a  f loors  a t  the rievada t e s t  s i t e .  

T h z  hydraulic c3nductivi ty of these rocks i s  f r a c t u r e  dminated.  

I n t e r s t i t i a l  hydraulic conductivity i s  generally very lon. i l i nograd  ( 1 9 7 1 )  

suggests values of hydraulic conductivity f ron 10-5 t o  1 f t /day  f o r  ash 

f l o , J  t u f f s .  

ash  flo;! tu f fs .  

sect ion b u i l t  u p  from iiany individual flail's ?ri l l  behave hydraul ical ly  as a 

1 ayered sequence of higher and  1 o;/er conduct1 vi t i e s .  B 1  ankennagel a n d  Yei r 

(1973) suggest t he  coiibined thickness of i n t e rva l s  u i t h  s ign i f i can t  

f r ac tu re  conduct ivi ty  rriay m o u n t  t o  3-10?; of t he  t o t a l  sect ion.  A t  the  

iievada t e s t  s i t e ,  the f r ac tu res  a re  okservcd t o  reiiain op?n t o  depths 

g rea t e r  t h a n  5dOO f t  a l t h o u g h  the  higher conduct iv i t ies  a r e  coimonly a t  

depths l e s s  t h a n  4083 f t .  

Fracture densi ty  i s  re la ted  t o  the  degree of w l d i n g  i t )  the  

The degree of welding within a s ing le  flow i s  variable .  I\ 

A Ter t ia ry  g r a n i t i c  pluton underlies rmst of the  cent ra l  portion of 

t he  Plincral ?lountains. Nielson e t  a l .  (1978) iden t i fy  a t  l e a s t  5 major 

f e l s i c  phases in  the p l u t o n ,  For the purposes of t h i s  s tudy,  i t  i s  

recognized as a honogeneous uni t .  The r h y o l i t i c  flows a n d  donies along the 

c r e s t  and western f l a n k  of the  idiricral blountai  ns w i  11  nst be d i f f e ren t i a t ed  

hydraul ical ly  from the  g r a n i t i c  rocks. The p l u t o n  i s  h i g h l y  f rac tured ,  

with j o i n t  spacings r a n i j i n g  from inches u p  t o  tens  of f e e t  (Yusas ,  1979) .  

Ti;ro s e t s  o f  s teeply dipping j o i n t s  a r e  present ,  o r ien ta ted  pr inar i  1.y 

north-south a n d  eas t -ves t .  Surfaces of the  j o i n t s  a r e  general l y  p l a n a r  a n d  

open. A secondary j o i n t  s e t  dips  20 t o  5U degrees t o  the west. 140 d i r e c t  

i n fomat ion  i s  ava i lab le  3n the  depth t o  sound rock. Recent e l e c t r i c a l  

surveys (ilannaniaker, per. coim.) suggest a hundary  a t  a h o u t  5600 f t  which 

could iden t i fy  the t r a n s i t i o n  t o  a inuch l e s s  f ractured rock. 
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Tio hydraulic conductivity neasurenents a re  ava i lab le  f o r  the g ran i t i c  

rocks. A s u g p s t e d  range fo r  f r a c t u r e d  gran i te  (Freeze arid Cherry, 1979)  

C 

t e  

i s  10 - j  t o  10 f t l d a y .  

conduct ivi t ies  ranging froin 10-8 t o  10-5 f t l d a y .  

may lead t o  hydraul ical ly  anisotropic  behavior. 

Unfracturcd g ran i t i c  rocks typ ica l ly  have h y d r a u l  

Fracturing in the g r a n  

The hydro1 agy o f  the  shall  ow groundwater reservoi r  i n Seaver Val 1 ey i s  

described by ?lomr (1978) .  

moderately cansolidated deposi ts  of gravel ,  sand, s i l t  a n d  c lay.  I t  

extends t o  depths o f  a t  l e a s t  890 f t  and  possibly more t h a n  1090 f t .  I n  

the  northern half of Beaver Valley, the average hydraulic conductivity of 

the valley f i l l  ran7es froin less  t h a n  3.1 f t /day t o  a b o u t  5 f t /day.  

water t ab le  i s  r e l a t i v e l y  shallow, ranging in depth fro71 0 t o  30 f t  below 

g r o u n d  surface.  A sha1lo:cl va te r  t ab le  supports the  inference t h a t  Beaver 

Valley i s  a n a j o r  discharge area f o r  waters recharging the system i n  t h e  

Tushar ;dountai ns. 

The val ley f i l l  cons is t s  o f  unconsolidated t o  

The 

The t o t a l  depth of a l luv ia l  f i l l  in tjeaver Valley i s  n o t  k n o w n .  

lieitht?r i s  there  d a t a  on the  underlying bedrock. 

volcanic rocks o f  t h e  Tushar islountains a re  continuous beneath t3eaver 

V a l l e y .  

I t  i s  assu,.ned the 

The eastern boundary o f  the  Plineral :lountain pluton has yet  t:, be 

against  the 

l l i e ' s  Hi l l .  

b y  a Precambrian 

r rock for the  

;iooscvel t K%H. 

s u j l c s t  l o c a l l y  higher tiyllraul i c  conduct iv i t ies  cgntrol l e d  b y  f rac tur ing  

Lq i t t i i n  the gneiss.  On the reljional scale  af the hydrologic iilodt.1, no 

Production t e s t s  on wclls conpleted within the K G K A  

c l e a r l y  defined. T h e  volcanic rocks a re  assuned t o  a b u t  

g r a n i t i c  p l u t o n .  The contact i s  placed t o  t h e  west  of G 

The ;l ineral  ilountains p l u t o n  i s  flanked on the west 

This uni t  i s  the rcservo gneiss (i l ielson e t  a1 . , 1978) .  



8 

io 

! 
;O 

1 

j0 

a t t e n p t  can be made t o  i d e n t i f y  i n d i v i d u a l  zones o f  f a u l t i n g .  H y d r o l o g i c  

da ta  on t h e  t h e r n a l  r e s e r v o i r  i s  p r e s e n t l y  p r o p r i e t a r y  and n o t  a v a i l a b l e  t o  

a i d  i n  model c a l i b r a t i o n .  Away f r o n  m a j o r  zones o f  f a u l t i n g ,  t h e  gne iss  i s  

i n t a c t  w i t h  l i t t l e  j o i n t i n g ,  s h e a r i n g  o r  b r e c c i a t i o n  ( N i e l s o n  e t  a l ,  1978). 

I n  t h e s e  areas, t h e  h y d r a u l i c  c o n d u c t i v i t y  can be assumed t o  be v e r y  low. 

Textbook va lues  suggest a range f r o m  t o  f t / daY  (Freeze and 

Cherry ,  1979). 

The s h a l l o w  groundwater  r e s e r v o i r  i n  M i l f o r d  V a l  l e y  has been d e s c r i b e d  

by 9ower and Cardova (1974).  

sequence. 

c e n t r a l  p a r t  o f  t h e  v a l l e y .  

c o n d u c t i v i t y  can be e s t i m a t e d  as 10 f t / d a y  (Mower and Cardova, 1974, F i g s .  

4 and 5 ) .  The w a t e r  t a b l e  i s  g e n e r a l l y  a t  depths o f  50 f t  t o  100 ft below 

t h e  su r face .  

They i d e n t i f y  i t  as a s t r a t i f i e d  sand-c lay 

The suggested dep th  o f  t h i s  systern i s  about  503 ft i n  t h e  

An upper  v a l u e  on t h e  depth-averaged h y d r a u l i c  

An i n t e r p r e t a t i o n  o f  deeper u n i t s  beneath M i l f o r d  V a l l e y  i s  g i v e n  b y  

S e r t s o n  and Smi th  (1979) on t h e  b a s i s  o f  a s e i s m i c  r e f r a c t i o n  s tudy.  

conc lude a T e r t i a r y  v a l l e y  f i l l  u n d e r l i e s  t h e  near  s u r f a c e  a l l u v i u n  t o  

depths o f  a t  l e a s t  6000 f t  i n  t h e  c e n t e r  o f  t h e  v a l l e y .  The bedrock i s  

presumed t o  be Precambrian gneiss.  

They 

The l i t h o l o g y  o f  t h e  T e r t i a r y  f i l l  i s  

n o t  i d e n t i f i e d ,  a l t h o u g h  i t  i s  t h o u g h t  n o t  t o  be sandstone. The h y d r a u l i c  

c o n d u c t i v i t y  o f  t h i s  u n i t  i: l i k e l y  s i g n i f i c a n t l y  l o w e r  t h a n  t h a t  o f  t h e  

near  s u r f a c e  a l l u v i u m .  

I n f e r r e d  reasonab le  ranges f o r  t h e  h y d r a u l i c  c o n d u c t i v i t y  o f  each o f  

t h e  g e o l o g i c  u n i t s  a r e  comp i led  i n  Tab le  1. F o r  t h i s  purpose, an i s o t r o p i c  

h y d r a u l i c  c o n d u c t i v i t y  i s  assurned. These va lues  can be a d j u s t e d  i n  t h e  

s i r n u l a t i o n  r u n s  t o  account f o r  h y d r a u l i c  a n i s o t r o p y .  



Hydrogeol ogic !Jni t 

Tushar volcanics 

Beaver Valley alluvium 

Mineral Yountain pluton 

Precambrian gneiss 
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Mi 1 ford Val 1 ey a 1  1 uviurn 
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T a b l e  1 

Range of Values f o r  Hydraulic Conductivity 
( f t l d a y )  

10-4 - 1 

10-1 - 5 

10-1 - 101 
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].lo r e l i a b l e  inforination i s  ava i lab le  on the posit ion of the ?later 

t a b 1  ~1 i.ri ttii n the  Tushar a n d  I l i  neral iylountai ris. 

location of s m l l  perched sys tem rather  t h a n  the  g a i n  zone of sa tura t ion .  

Sinulat ions Liere car r ied  a u t  w i t h  the ;.later t ab l e  i n  an  e s t i aa t ed  nedian 

arid h i g h  posi t ion.  Thc iqattr t ab le  in i t s  inedian posit ion i s  sho-wn i n  

Figure 2 .  

water t a b l e  e levat ion i s  se t  a t  7400 f t  a n d  9030 f t ,  respcct ivcly.  The 

water t a b l e  i s  extended across the sect ion assuming i t  i s  a subdued repl ica  

of the topography. 

e levat ion a t  the  drainage divide i s  7G00 f t  a n d  9600 f t  in the  Nineral a n d  

Tushar Yountains, respect ively.  Simulations with the  water t a b l e  in a 

lower posit ion a re  n o t  reported as such a condition reduces the  poss ib i l i t y  

of i n te r f l  ow. 

Spri ngs qay i ndi  ca tc  the 

A t  the  drainage divide in the Mineral a n d  Tushar :lountains, the 

For  the :.rater t ab l e  in a high posi 'tion, i t s  assumed 

The i so topic  composition o f  the  Koosevelt KGRA thermal water suggests 

the  dorni n a n t  recharge source i s  prec ip i ta t ion  in the M i  neral lilountai ns. 

tioxever, the possible presence of a small component of recharge water from 

the Tushar Aountains cannot be el ininated ( J .  B o w a n ,  p r .  comm.) 

i4ETti03 i)F SOLUTIOII A I I D  :*IODEL L I t l I T A T I O i S  
j0 

The i n f o n a t i o n  i n  the  previous sect ion allows us t o  construct  the 

rnathenat ical  boundary  Val ue proS1 en descri  b i  ng the  f 1 ow systen in our 

tvo-dimensional sec t ion ,  4 numerical f i n i t e  e1cr:ient technique i s  used t o  

solve f o r  hydraulic head a t  a s e t  of nodal  points within the flow f i e l d .  

Tne n o d a l  grid forms a s e t  o f  i rregul a r ly-s i  zed, 1 i near quadri 1 a te ra l  

e lencnts .  A mesh 4th 269 elenents and 278 nodes was constructed.  

The nodal  hydraulic head values can be contoured t o  provide the 



11 

'0 
c, 

!O 

'0 

jo 

hydraulic head pa t te rns ;  allowing determination of whether interbasin f low 

i s  occurring. 

ra te  i s  calculated.  

t o  quantify the percent of discharge in Milford Valley or ig ina t ing  as 

recharge outside of the Mineral Mountains. 

For each element on the  water t a b l e ,  the inflow o r  o u t f l o w  

A water budget on the inflow-outflow function i s  used 

A computer model of the regional f l o w  system can provide theore t ica l  

evidence fo r  or against  interbasin flow. 

by the l imi ta t ions  inherent in the modeling technique. 

assumptions can be summarized: 

Our in t e rp re t a t ion  i s  constrained 

The main 

1)  The fractured porous media behaves hydraul ical ly  as a 

continuum obeying Darcy's law. I n  p rac t ice ,  t h i s  implies t h a t  

flow i s  t h r o u g h  an  interconnected network of f r ac tu res  ra ther  

t h a n  being concentrated in a few wide f r ac tu res .  Flow in the 

f r ac tu res  must be laminar. 

2 )  The flow domain i s  modeled as a two-dimensional system. Such 

a section has s t r i c t  meaning only i f  the topography and geology 

d o  not  change a l o n g  the perpendicular t o  the  sect ion.  I n  

pract ice  we require t h a t  there  are no important components of 

groundwater flow ' into or o u t  o f  the sect ion.  The model i s  

oriented a t  r igh t  angles t o  the regional topographic slope. 

Unless there  a re  unforeseen geologic cont ro ls ,  t h i s  assumption 

seems reasonable for the Tushar and Mineral Mountains and Milford 

Valley. 

the v i c in i ty  o f  G i l l i e s  H i l l .  

here. However, the dominant f l o w  d i rec t ion  a t  depth l i ke ly  

There may be a component of flow across the section in 

Beaver Valley slopes t o  the south 

I 

'0 

iG  
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rcriains in  ttic planc of t h e  sect ion.  

The s inula t i9ns  consider 9nly ste3dy s t a t e  floiw. 

posi t ion f o r  t h e  water t a b l e  i s  es t ina ted .  Trans 

3)  A n  a v c r a y  

en t  vari a t  ons 

due t o  seasonal f luc tua t ions  in  the water t a b l e  a r e  not accounted 

f o r .  This could be important in  predictitiq hydraulic head 

d i s t r i b u t i o n s  :qithin t h z  Mineral and TuShar-_t.l?untains. 

t he  Jain recharg? event i s  concentrated in  a short'per-iod during 

snowml t ,  the re  m y  be f a i  r l y  1 arge seasonal f luc tua t ions  1 n the  

water t a b l e  within these fractured media. . 

Because 
\ 

\ 

4 )  The regional flow f i e l d  i s  nodeled a s  a n  isothernal system. 

Tblo f a c t o r s  a r e  consequently orii t ted: i )  t h e  additional dr iving 

force  due t o  differences in  f l u i d  densi ty  with depth and i i )  t he  

influence of a 1o;ler f l u i d  v iscos i ty  a t  depth on hydraulic 

conductivity.  Density differences due t o  the regi onal geothermal 

gradient \J i l l  favor interbasin flow, although t h e  e f f e c t s  are  

probably not 1 arge in  comparison t o  t h e  dr iving force control led 

b y  t h e  topographic configuration. i4ot enough i s  k n w n  about the 

h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  geologic u n i t s  t o  c o n s i d e r  

v i scos i ty  correct ions.  Use of an isothermal inodel should not 

nisrepresent  the basic natclre of t h e  regional flow system. 

The lack of information about the  hydraulic conductivity 

d i s t r i b u t i o n  i s  t he  rnain l i m i t a t i o n  in  the node1 analysis .  The 

only c a l i b r a t i o n  t h a t  can be car r ied  out i s  a siriple water b u d g e t  

analysi  s .  

approxinated b u t  gives no infornat ion on t h e  in te rna l  

arran3cnents of un i t s  !rith d i f f e r i n g  hydraulic conduct ivi t ies .  

5 )  

Thi s a1 1 o \ ~ s  t h e  bulk hydraul i c conducti vi t y  t o  be 

io 
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SIilULATIOY RESULTS 

Table 2 presents a sumnary o f  selected simulation experiments. Each 

run i s  i den t i f i ed  b y  i t s  d a t a  deck labe l :  KOS1, KOS2...ctc. 

IO 
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tlonogeneous, i so t ropic  sys t em 

The f i r s t  set of runs assulna the  e n t i r e  geologic system can be 

described as a hocio3eneousY iso t ropic  medium. Figure 3 a  shows the 

h.ydraulic head d i s t r i b u t i o n  f o r  a simulation with the siater t a b l e  i n  the  

median posi t ion a n d  the  impermeable base s e t  a t  -500 f t  (K3S1) .  

these condi t ions,  no in te rbas in  flo:v occurs. Along t h i s  sec t ion ,  a l l  

recharge in t h e  Tushar i4ountai ns discharges i n  Beaver Val 1 ey. 

Under 

Groundwater 

discharging i n  d i l fo rd  Valley or ig ina tes  so le ly  frov recharge in  the  

ili neral :.lountai ns. 

A plot  o f  the  hydraulic head values along the  impermeable base i s  

given in  Figure 4 .  

of many of the computer runs a re  presented. 

beneath Beaver Valley implies flow converges to:vard t h a t  regign a t  depth. 

I t  m u s t  t h e n  m v c  yp, ,a rd  t o  discharge a t  t h e  surface.  I n  t h i s  case ,  n 3  

in te rbas in  f l w  occurs. 

This f igure  demonstrates t he  form in  srhich the r e s u l t s  

The ninirnul.n i n  hydraulic head 

R u n s  H3S2 and ROS3 (F ig .  4 )  consider the  e f f e c t  of t he  depth t o  the  

loirer impermeable boundary. The iapermeable base i s  s e t  a t  e levat ion -1500 

f t  and  -26'30 f t ,  respect ively.  I n  nei ther  case does in te rbas in  flos,q occur, 

a1 t h o u g h  increasing the depth/l a t e ra l  extent  r a t i o  does favor the  

poss ib i l i t y  of a l a rger  sca le  regional flow system. 

evidence t o  suggest t h a t  the  ac t ive  flow regime extends t o  these grea te r  

depths. 

There i s  no geoloqic 



TABLE 2 

M I L F 0 R D BEAVER 
DATA H Y D .  LOWER WATER TUSHAR* VALLEY GRANITE GNEISS TERTIARY VALLEY 
D E C K  BEHAVIOR B O U N D .  TABLE VOLCANICS ALLUVIUM V A L L E Y  FILL ALLUVIUM 

ROS 1 - 600 MEDIAN 

ROS2 HOMO. -1 600 MEDIAN 

ROS3 ISO. -2600 MEDIAN 

ROS4 - 600 H I G H  

ROS5 - .  -600 MEDIAN 1 o-2 1 0-1 1 o-2 
ROS6 HETERO.  - 600 MEDIAN 1 1 0-1 1 0-2 

ROS7 ISO. - 600 MEDIAN 101 ‘ 1 0-1 1 o-2 

0-2 

0-2 

0-2 

1 o - ~  1 

1 o - ~  1 o - ~  1 

1 o - ~  1 

ROS8 -600 MEDIAY Kx 5x10-‘ Kz 

ROS9 HOMO. - 600 MEDIAN Kx lo-’ Kz 

ROSlO ANISO. - 600 MEDIAN Kx K Z  

ROSl1 H E T E R O .  -600 MEDIAN Kx5xl O-’ IO-’ Kx 1 o - ~  1 

ROS12 ANISO. -600 MEDIAN Kx 10-1 Kx 10 1 o - ~  1 o - ~  1 
KZ 10-3 Kz 1012 

Kz Kz 10- 

* f t / d a y  
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8400 

7 600 

6800 

6000 

5 2 0 0  

D I S T A N C E  A L O N G  S E C T I O N  F R O M  BEAVER RIVER IN MILFORD VALLEY 

( f e e t  in t h o u s a n d s )  

A '  

Figure 4: Hydraul ic  head d i s t r i b u t i o n  along basal  boundary; 
homogeneous i s o t r o p i c  system. 
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The hydraulic Iwad along the lower inperincable boundary f o r  t h c .  case 

of a h i g h  ~ ,~ ,a tc r  t a b l e  ( W S 4 )  i s  shown i n  Figure 5. 

hydraulic head  changes in accord with the higher hydraulic head on the  

water t ab le .  

i s  unchanged. 

The d i s t r ibu t ion  of 

Ho;rever, the basic nature of t h e  t:vo independcnt f l o w  systems 

A n  order of magnitude approximation t o  t he  average hydraulic 

conductivi t , y  of t he  Llineral 3ountai ns yrani t e  can be o b t a i  ned by comparing 

the groundwater recharge predicted by the  conputer clodel with t h a t  

estimated from precipi ta t ion-recharge r e l a t i a n s .  A hydraulic conductivity 

of 10-2 f t /day vas assumed f o r  the  above simulation. For the  median m t e r  

t a b l e  pos i t ion ,  the t o t a l  recharge along the sect ion across the  Plineral 

i , lounta ins  was 9.14 ftZ/day. Rssuininc~ a representa t ive  section and taking 

the l eng th  o f  t he  range as l i ) O , U O O  f t ,  the estimated t o t a l  recharge i n  the  

Mineral Nounta i  ns i s 7650 acre-f t /year .  T h i s  Val ue i s reasonabl e 

considering the  t o t a l  annual prec ip i ta t ion  a n d  applyi n g  a Yaxey-Eaki n 

estimate of groundifater recharge ( C .  Sillith, per. cornci.). Hydraulic 

conduct iv i t ies  of 10-3 f t / d a y  and  18-1 f t /day would lead t o  an  es t ioa ted  

t o t a l  recharge  o f  765 acre- f t lyear  a n d  7G ,500 acre- f t /year ,  respect ively.  

The estimated recharge w i t h  the  water t ab le  in  the  high posi t ion i s  145 

grea te r .  A l t h o u g h  there  i s  considerable uncertainty associated iwith t h i s  

esti inate,  i t  does ind ica te  a l i n i t  on the range of hydraulic conductivity 

f o r  t h 2  i.4i n z r a l  Yountai ns 111 u t o n .  

These r e s u l t s  suggest t h a t  a topographically driven floi,r systea frorii 

t h e  Tushar istountai ns t o  Mi 1 ford Val 1 c y  i s  not 1 ikely.  

condi t ions,  coupled with the topDgraphic configurat ion,  \ r i l l  bc! required i f  

in te rbas in  f l w  i s  t o  occur. 

Specif ic  geol ogic 
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lleterogeneous, i so t ropic  s y s t e m  

/in a1 t e rna t e  representat ion of the  hydrogeologic systeri recor)ni zes the  

probable d i f fe rences  in  t h e  hydraulic conduct iv i t ies  o f  t he  various 

geolo-Jic uni ts  ( f i g .  2 ) .  Runs t i l l s5 t h r o u g h  KUS7 consider the  e f f e c t s  of 

various hydraulic conductivity cont ras t s  bet,reen these uni t s .  

I n  KOS5 the  volcanics in the Tushar 3 o u n t a i n s  and  ialineral Hountains 

granite a re  assigned a hydraulic conductivity of 10-2 f t l day .  

and Ter t ia ry  val ley f i l l  west of the ilineral ;4ountains a n d  the  l'lilford a n d  

Beaver Valley a l l u v i u m  a re  recognized as d i s t i n c t  hydrologic uni t s  (Table 

2 ) .  The hydraulic head d i s t r ibu t ion  along the icipcrmeable base i s  plot ted 

i n  Figure 6 .  "4ot unexpectedly, no in te rbas in  f l o x  occurs f o r  t h i s  

hydrologic configuration. The influence of the gneiss ,  Ter t ia ry  val ley 

f i l l  a n d  alluviuia on the  hydraulic head d i s t r ibu t i3n  i s  local ized i n  

i l i lford Val ley.  Sinulat ions in :.lhich the  hydraulic conduct iv i t ies  of these 

uni t s  a r e  varied over a reas3nable parameter range lead t o  the  sane 

concl u s i  o n .  The nydrol o g i  c behavior of the  # t i  neral ilountai n 01 u t o n  a n d  t h 2  

volcanics in the  Tushar blountains !!ill control t he  nature of the  regional 

f l o , ,  s y s t e m s .  

Tne gneiss 

Runs R3S6 and  K857 consider the  e f f e c t  of a g rea t e r  hydraulic 

cDnductivity f o r  the  volcanics in  the Tushar Yountains. The hydraulic 

conductivity o f  trie other  geologic uni t s  i s  f ixed iis in l i O S 5 .  Increasing 

the hydraulic conductivity of the volcanics from lo-* f t /day t o  10 f t / d a Y  

causes the hydraulic head d i s t r ibu t ion  t o  change in  the d i r ec t ion  necessary 

t o  get in te rbas in  f l o \ /  (Fig.  6 ) .  However, no in te rbas in  flow occurs in  

these cases.  

the averas? hydraulic c3nductivi ty  o f  the  volcanics.  

A hydraulic conductivity of 10 f t l day  i s  a n  u p p z r  l i m i t  for 

IIote t he  hydraulic 
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head d i s t r i b u t i o n  i n  M i l f o r d  V a l l e y  i s  i n s e n s i t i v e  t o  t h e  h y d r a u l i c  

c o n d u c t i v i t y  ass igned t o  t h e  v o l c a n i c s  i n  t h e  Tushar Mountains,  r e f l e c t i n g  

t h e  separa te  n a t u r e  o f  t h e  f l o w  systems i n  t h e  two v a l l e y s .  

S i m u l a t i o n s  were c a r r i e d  o u t  f o r  t h e  case where t h e  h y d r a u l i c  

c o n d u c t i v i t y  o f  t h e  g r a n i t i c  p l u t o n  i s  g r e a t e r  t h a n  t h e  h y d r a u l i c  

c o n d u c t i v i t y  of t h e  v o l c a n i c s  i n  t h e  Tushar Mountains.  R e s u l t s  suggest 

separa te  f l o w  systems i n  Beaver and M i l f o r d  v a l l e y s  can be expected even i f  

t h e  h y d r a u l i c  c o n d u c t i v i t y  of t h e  g r a n i t e  i s  up t o  two o r d e r s  o f  magnitude 

g r e a t e r  t h a n  t h e  v o l c a n i c s .  

Homogeneous, a n i s o t r o p i c  systems 

F r a c t u r i n g  i n  t h e  M i n e r a l  Mounta in p l u t o n  may i m p a r t  a s i g n i f i c a n t  

h y d r a u l i c  a n i s o t r o p y  t o  t h e  g r a n i t e .  On a r e g i o n a l  sca le ,  i t  i s  a l s o  

reasonab le  t o  c o n s i d e r  t h e  Tushar v o l c a n i c s  as an a n i s o t r o p i c  medium. 

L a y e r i n g  w i t h i n  t h e  v o l c a n i c  p i l e ;  w i t h  t h e  r e s u l t i n g  sequence of h i g h e r  

and l o w e r  h y d r a u l i c  c o n d u c t i v i t i e s ,  c o u l d  cause t h i s  u n i t  t o  behave 

h y d r a u l i c a l l y  as an a n i s o t r o p i c  medium. I n  t h i s  case t h e  h o r i z o n t a l  

h y d r a u l i c  c o n d u c t i v i t y  would be g r e a t e r  t h a n  t h e  v e r t i c a l  c o n d u c t i v i t y .  

To examine t h e  i m p l i c a t i o n s  o f  h y d r a u l i c  a n i s o t r o p y  i n  terms o f  

i n t e r b a s i n  f low, s i m u l a t i o n s  were c a r r i e d  o u t  assuming t h e  e n t i r e  g e o l o g i c  

system i s  d e s c r i b e d  as a homogeneous, a n i s o t r o p i c  medium. U n l i k e  i n  

i s o t r o p i c  media, f l o w  i n  a n i s o t r o p i c  media i s  n o t  p e r p e n d i c u l a r  t o  l i n e s  o f  

c o n s t a n t  h y d r a u l i c  head. F i g u r e  3b shows t h e  h y d r a u l i c  head d i s t r i b u t i o n  

f o r  a s i m u l a t i o n  (ROS8) w i t h  t h e  h o r i z o n t a l  h y d r a u l i c  c o n d u c t i v i t y  equal  t o  

5x10-2 

(Kx/K, = 50) .  

f t / d a y  and t h e  v e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y  equal t o  10-3f t /daY 

Arrows i n d i c a t e  t h e  d i r e c t i o n  o f  groundwater f low. Water 

0 
0 
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recharging i n  the  Tushar ilountains rioves a t  depth beneath tjeaver Valley t o  

discharge in : l i l ford Val ley.  A ;-vater Sudvet ca lcu la t ion  indicates  

approximately 315 of the water discharqinq in f-lilford Valley or ig ina tes  

froirl recharge 3uts ide of  the !tinera1 :lountains. 

The hydraulic head d i s t r ibu t ion  a l o n g  the  impermeable base i s  plotted 

i n  Figure 7 .  For comparative purposes, the head d i s t r i b u t i o n  i n  the  

homogeneous, i so t ropic  system i s  a l so  plotted (KgS1). 

decl ine in hydraulic head a l o n g  the section. 

perpendicular t o  the hydraulic grad ien t ,  the absence 5f a nin ina beneath 

There i s  a continual 

Although flow i s  not 

Beaver Valley ind ica tes  throughflow. 

Figure 7 s h o x  the basal hydraulic head d i s t r i b u t i o n  f o r  various 

anisotropic  r a t i o s  i<x/K, .  

system, an  anisotropic  r a t i o  grea te r  t h a n  approxirnately 10 (ROS10) can lead 

t o  in te rbas in  flow. For t h i s  case,  a water budget ca lcu la t ion  indicates  

ap;,roxitnately 8",: of the water d i  schargi ng in Iili 1 ford Val 1 ey or igi  nates from 

These r e s u l t s  ind ica te  t h a t  i n  a homogeneous 

recharge outs ide of the  r4ineral ilountains. F o r  a n  anisotropic  r a t i o  of 100 

( i i O S Y ) ,  the  Droportion increases t o  3%'). The%e estimates o f  interflo:.J 

i n c r c a s e  s l i g h t l y  f o r  simulations w i t h  t h e  i . / a t e r  t a b l e  i n  t h e  h i g h  

posi t ion.  

i t i  the  ani sotropic  and i so t ropic  systeils should make i t  possible  t o  

The marked differences betwen t h e  hydraulic h e a d  d i s t r ibu t ions  

d is t inguish  betveen these two cases i f  f ie1  d d a t a  become avai 1 ab1 e. 

Heterogeneous, ani sotropic  systems 

The assuription of hoiioyencity f o r  the i4irieral flountain grani te  a n d  t h e  

Tushar volcariics n a y  not be su i t ab le  in l i g i l t  of the  f r ac tu re  pat terns  a n d  

the or ig ins  of  anisotropy. A gore general representat ion of the 

0 
0 
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hydroieologic system recognizes differences i n  t h e  nydraul i c  conduct ivi t ies  

and ani sotropic  r a t i o s  o f  the various rock un i t s .  

R u n s  iiOSll and K O S l 2  consider t h i s  poss ib i l i ty .  I n  KOSll t he  Tusha r  

volcanics a re  assigned hydraulic conduct ivi t ies  K x  = 5x1'3'2 f t /day and i(z= 

10-3 f t l day .  

f t l day .  

alluvium a re  a l s o  recognized as  d i s t i n c t  hydrologic uni ts .  

head d i s t r i b u t i o n  along the  inpermeable base i s  plot ted i n  Figure 8. 

isotroFic  g r a n i t i c  rocks e f fec t ive ly  "block" t h e  flo:.r 'so t h a t  water 

recharging i n  the Tushar blountai ns discharges i n  Beaver Val 1 ey. 

behavior i s  observed f o r  an anisotropic  r a t i o  K , / K ~  of 100 in  the  volcanics 

The idinera1 Flountai ns grani t c  i s  i sotropic  with K,=KZ=10-2 

The gneiss ,  Ter t ia ry  val ley f i l l  a n d  the :lilforrl a n d  Seaver Valley 

The hydraulic 

The 

A sir:ii 1 ar 

o f  the Tushar tlountains. I f  t h e  hydraulic conductivity o f  t h e  

ilountain pluton i s  i so t ropic  ( o r  nearly s o ) ,  a l a rge  sca l e  re3 

anisotropy i n  the Tushar volcariics wil l  not lead t o  in te rbas in  

the homogeneozs probl en. 

Because t h e  j o i n t i n g  pattern in t h e  g r a n i t i c  rocks i s  don 

near-vertical  o r i e n t a t i o n ,  the ve r t i ca l  hydraulic conductivity 

!li neral 

onal 

flow as  in  

natcd by a 

may be 

greater  t h a n  the horizontal hydraul  i c  Conductivity. t:OS12 represents such 

a case. 

hydraulic conductivity of 10-2 f t l day .  

with K, equal t o  10-2 f t /day  a n d  K, equal t o  10-1 f t l d a y  (Kx/Kz = 0 - 1 ) -  

The hydraulic head d i s t r i b u t i o n  along the  impermeable base (Fig.  8 )  sholirs 

t h a t  in te rbas in  flojtr does not occur. The v e r t i c a l  anisotropy accentuates 

the  ' 51 ocki n q  ' e f f e c t  o f  the  , l i  neral Irlountai n pl uton. A sinul  a t i  on 

assui.iing anisoir3py i n  both t h e  volcanics ( a s  i n  Kr3S11) and t h e  g r a n i t i c  

pluton ( a s  in  KOS12) leads t o  a hydraulic head d i s t r i b u t i o n  very sirnilar t o  

The volcanics in  the Tushar ilountains a r e  i s o t r o p i c  with a 

The g r a n i t i c  pluton i s  anisotropic  
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KUS11 i n  the  Tushar :lountains - r3eaver Valley region a n d  t o  i iUS12 i n  the  

ilineral ' bun ta ins  - blilford Valley region. This aqain r e f l e c t s  the 

separate  nature of the two f1o;r s y s t e m .  

This study i s  based on a s implif ied hydrologic model of t he  regional 

geology. t lowver,  i t  must be remembered t h a t  the  regional qeology i s  

poorly constrained a n d  f i e l d  conditions nay d i f f e r  narkedly frorl those 

postulated.  For some u n i t s ,  di f ferences :vi11 probably n o t  be c r i t i c a l .  

For  exanple, the  thickness and  hydraulic conductivity of the  seavet- a n d  

r'lilford Valley alluvium has  a minor e f f e c t  on the regional florl pat terns .  

The d i s t r i b u t i o n  of grounddater discharge in  Beaver Valley depends upon the  

locat ion of the contact betk.reen the  volcanics and the  g r a n i t i c  plutori, b u t  

the  poss ib l i t y  of in te rbas in  flow i s  insens i t ive  t o  i t s  precise  locat ion.  

Such ;nay n o t  be the  case i f  a geologic s t ruc tu re  a t  depth provides a 

hydraul i c  connection between Beaver a n d  t l i lford Val l eys .  I n  nearby 

regions,  the  permeable Navajo sandstone or i t s  equivalent i s  knom t o  

underl ie  t h z  8u l l ion  Canyon volcanics (e.g. tlace e t  a1 ., 1 9 7 9 ) .  Several 

sicrulations were car r ied  out t o  consider the e f f e c t  of a layer  of higher 

h y d r a u l i c  conductivity a t  d e p t h .  R O S 1 3  represents a case {where a 1 i ) i )O  f t  

thick basal layer  w i t h  a hydraulic conductivity of 1 f t /day i s  continuous 

beneath the  9ul l  ion Canyan vol canics  

a g a i n s t  the eastern flank of the  g r a n  

hydraulic head d i s t r i b u t i o n  along the 

9 .  This r e s u l t  ind ica tes  t h a t  i f  a h 

K=lO-Zft/day). The 1 ayer t runcates  

t i c  pluton (K = 10-2 f t / d a y ) .  

imperrneable base i s  plot ted i n  Figure 

gher conductivity 1 a,y?r i s  present 

The 

beneath the 9ul l ion  Canyon volcanics b u t  i t  t runca tes  against  t he  1o:Jer 

conductivity g ran i t i c  pluton, water v;ithin t h i s  layer  will  discharge t o  

Beaver Valley r a the r  t h a n  feeding a f l o w  systen c i r cu la t ing  dec;, \within the  
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pluton. 

t ransfer red  t o  l l i l ford Valley. Idowever, such a condition i s  not scen as 

being geologically reasonable. 

Only i f  t h i s  l ayc r  i s  continuous beneath the  pluton can :rater be 
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C9:ICLUS 139s 

lo 

ilountains i 

i4i 1 ford Val 

water t a b 1  e 

A model study o f  the  regional hydrggeologic reqirne i s  used t o  

inves t iga te  poteiltial recharge areas f o r  the hoosevel t Hot Sprinqs t+eri.nal 

area under natural  flow conditions.  Prec ip i ta t ion  within the ilineral 

i den t i f i ed  as the probable so le  source of \.rater entering 

ey from the e a s t .  

posi t ions and  assusled depths t o  a 1 o:.ler impenneabl e boundry 

Sinulat ions car r ied  o u t  over a range of 

suggest i t  i s very u n l  i kely t h a t  the  topographic conf i gurat i  on a1 one could 

dr ive an in te rbas in  flow systeni from the Tushar ilountains t o  i.li1ford 

Valley. 

f 1 0 1.i . 
Speci f ic  geologic conditions rnust be invoked t o  observe in te rbas in  

The hydro1 o q i  c behavior of the  g ran i t i c  Ili neral iloilntai ns p l  uton a n d  

the  volcanics i n  the Tushar Wuntains control the  regional flow systems. 

A regional hydraulic anisotropy grea te r  t h a n  1O:l ( K x / K z )  leads t o  

in te rbas in  flow i f  the  g r a n i t i c  rocks a n d  t he  Tusha r  volcanics have sirnilar 

Y h,ydraulic conduct iv i t ies .  Hovlever, i f  e i t h e r  of these  u n  

i so t rop ic  or the  ver t ica l  hydraulic conductivity of t h e  p 

t s  i s  more near 

uton i s  grea te r  

t h a n  i t s  hgrizontal conduct ivi ty ,  no in te rbas in  flo?,.l i s  observed. O n  the  

b a s i s  of ava i lab le  geologic evidence t h i s  l a t t e r  case seems t a  be the  rnost 

l i ke ly .  
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