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Reuiona l  Sca!e 	 Re~-ioi~! M o d e l  x - - ,  

o Valley Fill 	 FD, 75000 cells 
o Volcanic Rocks 1500×1500x500 m 

e Carbonate Aquifer ~ 9 hydrogeologic units 

o Ciastic Aquitards 
o Basement Rocks 

Site Sca le  	 Site M o d e l  .~ 

o Geologic Units (eg. Bullfrog tuff) FE.~ 30000 Ceils: ~ 
c) Hydrogeologic Units (eg. Upper 	 1000x125 m 


volcanic aquifer) 16 hydrogeolog ic  units 


D e t a i l e d  S c a l e  ( I n t r a - u n i t ) :  T u f f s  

o Ash-flow tufts (100s m thick) 
- Welded, fractured, low-n, high-K aquifers 
- Nonwelded, sparsely fractured, mod-n, low-K aquitards 
- Zeolitized, unfractured, high-n, very-low-K aquitards 

o 	 Bedded tufts (10s m thick) 

I r Bedded, unfractured, high-n, mod-K aquitards 


Note: 	 - Geologic units may have multiple flows, each with non- 
welded tops and bottoms and welded middles. Welding can vary 
laterally and vertically within a single unit. Similarily, 
devitrification and zeolitization can be heterogeneously distributed. 
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FIGURE 9.--Simplistic hydrogeologic map of Proterozoic and Paleozoic rocks and diagrammatic hydrogeologic cross 
section of the Yucca Mountain study area. Location of section is the same as A-A' of Waddell (1982, pi. 1) and the static water 
level (SWL) is also from Waddeli's plate 1. On the basis of aeromagn.etic maps, the cross section represents the volcanic 
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3 D  HYDROGEOLOGIC F R A M E W O R K :  

S T R U C T U R A L  F E A T U R E S  ..... 

RegionzLqcale 
(9 Deep low-angle thrust  fault,, in Carbonate aquifer 

o more highly fractured and brecciated on the upper  plate 
@ Large-sca~e NF_,-SW normal faults: Sefitario Canyon~ Ghost 

Dance, Bow Ridge 
- disruption of hydrostrat igraphic units 
- steps in water-table configuration .... 
- potential high-K tabular pathways 

@ wt,~.~.,.~ . . . . .  ~" NaN-SE fault~. Yucca ~r~o~.~,,, av&~. ,~ l l lUl t~ . -Ot ,~ ; t l l .5  " ~ '!  ~: |3111 ~ ] ~  J 3 1 1 1 1r~_:. u^ ,_  ~,,--,- 111U11~ V[  ~ J [ ) l l~  

Sundance . . , . I 

- potential high-K planar pathways 

S i t e  S c a l e  

(9 Local faults 
-potential  disruption of stratigraphic units 
- K-values may depend on lithology of units t raversed 
- NE-SW may have greater K than NW-SE 

Detailed Scale 
o 	 Frac ture  system 

- often s t ra tabound 
- fracture density depends on unit 

Note: Faults at all scales may exhibit high-K/low-K layering parallel 
to the fault plane within the tabular fault "zone" .  

,,) 
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HYDRAULIC CONDUCTIVITY: 
GENERAL COMMENTS 

(9 Regional patterns:  
- volcanic rocks thin to south 
- Ca!ico Hills thins to south within volcanic rocks 
- Carbo~~ate aquifer shallower to south 
- valley fill alluvium 

o Trends within volcanic r o c k s :  .... - ' , .  

- K decreases with depth due to lithostatic loading 
- K increases to south due to increase in '~e._tome-~ " 
: fracturing and decrease in extent of alteration 

o Existence of high-K pathways 
- t'low surveys in wells 
- groundwater  temperature anomalies 

Continuity of high-K pathways 
- major faults throughgoing 
- hydrostra t igraphic  units offset 
- within-unit stratigraphic continuity between offsets 

Large-scale horizontal-to-vertical anisotropy expected due to 

strat igraphic layering; small-scale vertical-to-horizontal 


• e t 

amsotropy possible due to columnar jointing in welded units 

"Pla id"  conceptual model appropriate 
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WATER. TABLE CONFIGURATION, 

e~ L a r g e  hydraul i c  gradient  to N 
- regional ly  ubiqui tous  
- contro l led  by t o p o g r a p h y  and geo logy  
- poss ibly  fully or part ial ly  p e r c h e d  ., 

® Steps  across .major  faults 
- 45 m step across  Solitario C a n y o n  fault  .. . . .  ~ 

- smal ler  steps (?) across  other faults  on Y u c c a  M o u n t a i n  

® LocaJlyl apparent ly  less affected by" 
-~ - local-scale  fault ing 

.- hydros tra t igraph ic  o f f se t s  .~ , L 

L .  

- heteroge~!eity of hydros tra t igraphic  units  ' 2  , '  -
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Fig. 2. Regional water-table configuranon in tile IDeath Valley NE ground-water system, reproduced from 
Waddell et al. (1984), with overlain interpretation nf the distribution of the clastic confining units of  
Paleozoic and youngest Precambnan age, constructed using data Irom Longwell ct al. (1965), Cornwall 
(1972), Stewart and Carlson I1978). Robinson (19851 and Frizzell and Shuhers (1990). Labeled features 
include the Timber Mountain-Oasis Vullcy caklcra complex (TM-OV) and tile central domain of very 
small hydraulic gradient. 
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T W O  P O S S I B L E  INTERPRETATIONS " 

S a t u r a t e d  F low  System_ 

~ , l_~_ : , : y~un~  ~ d i e n t s  (LHGs) arc ~common=feature in the 
region, and it is likely that they share a common cause. 

® The " la rgehydrau l ic  gradient" is actually a steep water  ' table ~ 
sRope. The 3D distribution of hydraulic head in the vicinity of the 
L H G  north of YM is poorly known. The hydraulic gradients in 
the-3D fl0w system likely have bothia tera l  and Vertical ..... 
components and may be qudte complex. 

G The configuration of the water table beneath the l andsur face  is 
a f u n c t i o n  o f :  

- topography 
- recharge patterns :: L , : 

- geology: - hydrostratigraphie units . . . . . . . . . . . . . . .  -


- structural features 
® Topography steepens to the north in the vicinity of the LHG.  
® Recharge increases to the north of the LHG.  
® Water  ""table'- tnl~et~^ee-~'-are thought to be common in ,t,~,,,~ area 

associated with faults (eg. Solitario Canyon fault). 

P e r c h e d  F l o w  S y s t e m  

Q Perched flow systems are a common feature in the region. 
® They,usually develop on hillsides in horizontally stratified 

systems with large K-differences between units. 
Q They usually manifest themselves in springs and seepage areas at 

elevations well above the regional water table. 



H y d r a u l i c  Gradients,-•., 

e~ Amargosa valley .... . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


0 S m a l l  hydraulic gradient SE of YM ..... . . . . . . . . . .  


~9 Large hydraulic gradient N of Y M .  . . . . . . . . . . . . . .  


T o p o g r a p h i c  G r a d i e n t s  

o 	 Alkali Flats to La thr0 p Wells . . . . . . . . . . . . . . . . . . . . . . 
' 
o 	 Lathrop  Wells to Forty Mile Wash by YM .;... 

Forty  Mile Wash at YM to Timber  Mountain  .. 

D e p t h l o  W a t e r  T a b l e  

o 	 Alkali Flats to Lathrop  Wells . . . . .. . . . . . . . . . . . . . . . . . . . . . .  

. , - .  	 ( ~ )  La th rop  Wells to Forty Mile Wash  b y  YM .... ... 

Q For ty  Mile Wash by YM to Timber  Mountain  .. 

M e a n  A n n u a l  P r e c i p i t a t i o n  

o 	 Amargosa  Desert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

o 	 Yucca Mounta in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

o 	 Timber  Mounta in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


R e c h a r g e  ( C a l i b r a t e d  R e g i o n a l  Mode l )  
..," 

O Amargosa Desert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

o Yucca Mountain ,  Timber  Mountain . . . . . . . . . . . . . . .  
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FEATURES AND OBSERVATIONS 

F a v o r i n g  Sa tu ra t ed  F low 	oy ~tem ~' '~ 
o 	 Large water-table slopes apparently assodated with saturated- 

"I . . . .  ~-7 ~ _ _ z  . . . . . . . 
zone iow-.-x  :caLui-e~ elsewhere itrthe region (Eleana formation 
NE of YM, Solitario Canyon fault). Some LHGs very Unlikely to 
be perched (eg. Amargosa desert to Death Val!eythrough 
Funeral Mountains). 

o 	 Even higher heads to north of LHG (1187 m in Upper Forty Mile 
Wash,  1400 m on Paiute Mesa).  

o 	 Upward flows f romCarbonate  aquifer into volcanics south of 
L HG.  h~ghe," h,~ds ~* a, ,~h ;m,~h, saturated ,.,,....,.,.~,,,,, " ,,,~,, 
high heads N of LHG. 

. 	 Ne regional springs associated with LHG. . . . . . .  
* 	 Base of Calico Hiils Upper Volcanic Confining Unit is at 730 m 

which coincides with water table elevation S of LHG. 
o 	 Data sparse, but two wells above LHG: USW-G2 (1020 m), UE- 

25 W T # 6  (1034 m) 

F a v o r i n g  Pe rched  F low System 
o 	 Water levels in USW UZ-14 (967 m during drilling and pump 

testing, 778 m after casing off higher zone and completion in 
Bullfrog tuff). 

o 	 Draining of USW-G2 (from 1029 to 1020 m since 1982). 
o 	 Apparent partial saturation in Calico Hills formation in USW-G2 

on basis of borehole geophysical logging. 
o 	 Decrease of thermal gradient profiles over time in USW-G2. 

R A F  Bayes ian  P r io r  

o 	 Saturated: 80% Perched" 20% 



POSSIBLE. GEOLOGIC CONTROLS ON 
SATURATED FLOW SYSTEM 

South  to N o r t h  P e r m e a b i l i ~  R e d u c t i o n  T r e n d  

O Reduced fracturing to N due to lithologic trends R 
Reduced fracturing to N due to changes in stress field U t o M V  

o Increased alteration toward caldera complex to N MV 

N e a r - V e r t i c a l  L o w - K  S t r u c t u r a i F e a t u r e  : 

o Buried Faul t  MV 
- Low-K barrier 
- Offset of hydrostratigraphic units 

N e a r - H o r i z o n t a l  L o w - K  Strat iuraDhic  U n i t  
L 

(~ Calico Hills Upper Volcanic Confining Unit MP 
("Semi-Perched") 

o Eleana formation Upper Clastic Aquitard R 

Deep  Dra ins  Sou th  of L H G  MP 

o Carbonate aquifer 
o NW-b~E trending faults 

Note: Dudley Classification: R = rejected 
U = unlikely 

MV = marginally viable 
MP = more probable 
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a) Near-vertical low-K structural feature 
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b)Near-horizontal low-K structural feature 
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c) Deep drain 
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Figure AF.I Alternative possible causes for the large hydraulic gradient (LHG), 
assumang a saturated flow system model rather than a perched flow 
system model. J 
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• . . ~  . . 5 _  ~ qFLOW-NETANALYSIS 

No evidenc~ of significant natural transients near Y u c c a  
Mountain.  :;teady-state analysis appropriate.  Seasonal pumping 
demands av, d long-term increases in pumping in Amargosa 
Desert may create transients, but response in high-K units there 
ought to be t'apid .... . . . . .  . . . . . . . . . . . . . . . . 


O Upward  t'l~ ,, from Carbonate aquifer to Volcanic aquifers .  
- n  easured at UE-25p#1, u S W  H- l ,  USW H-3 

. - groundwater  temperature anomalies . . . .  ~ 

Regional fl~ w tubes from YM to SE involcanics,  then i n t o  -
alluvium ai,,ng eastern boundary of Alkali Fiats - Furnace  Creek 
Ranch g ouadwater  subbasin. .... ~ 

Local flow tubes beneath repository erratic, due to: 
- strat igraphic unit at water table 
- proximity to fault zone 

O 	 Potential for focussed flow: 
- natural  flow system geometry (Schwartz) 
- NW-SE faults act as drains (Lehman) 
- Line of intersection of major tectonic f racture  zones 

and strata most easily fractured and brecciated 
create "gently clipping drainage pipes" (Fridrieh) 

- High-K channel under Forty-Mile Wash (Wittmeyer) 
- Pumping-well capture zones in Amargosa Valley 

Q 	 Flow tubes splay in and out of high-K features. Infiltration from 
UZ likely to enter and remain in flow tube. Mixing zone at w a t e r  
table not a good conceptual m o d e l .  
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Figure 8-10 Map illustrating the likely size and location of a contaminant plume 
moving south toward the Amargosa Desert. 
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Figure D L - 3  Average corrected 814C ages o f groundwaters m the Tertiary 
volcamcs under Yucca Mountain east of  Solitano Canyon fault, 

/ /  plotted against the north to south distances of  the wells. The line 

drawn has no statistical stgnific:ance. 
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ADVECTIVE FLOW RATES FROM SITE 


STEPS 

o 3D hydrogeologic framework : 

o f low-net  analysis  to identify f low tubes a n d  gradients ,  i: 
scoping 

. . . . .  . _  • . . . .  : .. -model output . . . . . . . . . . . . . . . .  . : . : : :  - , : . :  . - : - . . . .  
, est imate hydraul ic  conduct ivi ty ,  K, a n d  porosi ty ,  n - . ,  
o Darcy ' s  law to calculate:  - specific discharge,  q = Ki 

- average l inear velocity,  v = q/n 

F O R  F L O W  T U B E S  IN LVA + F A U L T  Z O N E S  

K(LVA):  3x10 s to 3x10 3 cm/s, median: 3 x 1 0  "4 cm/s 
o K (FZ) : 10 x K (LVA) 

o q :0.01 to 1 m/y, median 0.1 m/y 
o v : 0.3 to 30 m/y, median 3 m/y 

For local to regional scale. Site scale ranges larger. 



ADVECTIVE FLUX ESTIMATES 

,Other P u b l i s h e d  E s t i m a t e s  

i n  	 _o . q c lo 	 W*..ogr,,.~ and Thorardson: Carbonate aquifer beneath Yucca 
Flats:  1 . 8 - 180 m/y  

o Schwartz: Al luvium in Amargosa Desert: 55 m/y 
¢ TSPA '93: Y M  volcanics: 2 -  22 m/y 
o 	 TSPA '95: YM volcanics" lognormal distribution 

. - m e : i n  . . . . .  2.0 m/y 
- m e d i a n  = 	 1 . 0 7  m / y  • 

k . " " 

. 	 - s t d  dev = 0 . 4 9  
• . , , , . ,  , 	 . : . . , . ._  ,-, , , , ,  / y  ( ? )o 	 Arnold o v e ,  he,lOS, l~ i v l  V ( ) I C ~ I I I I i C S  U . I  1 ~  i i 1  

Q Site-scale model" '~ '~'~ 

. t• ": :  , - '7- ,~ : .  	 - i  , 

I s o t o p i c  Ag_e D a t e s  

@ W and S of YM: 11000 - 12000 y 
o 	 N and within YM: 6000 - 8 0 0 0 y  
o 	 E and SE of YM: 4000 - 7000 y (probably affected by recharge 

to Forty-Mile Wash) 

-	 implication: 1000s of m in 1000s of y 1 m/y  

/ - /  
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DILUTI[ON 


o 	 Defined as c o n t a m i n a n t  c o n c e n t r a t  on at  re | ease  point  divided by 
highest  concen t r a t i on  at  potent ia l  r ecep to r  locations.  

<~ Assume:  - Source  of 10s to 100s m d imens ion  
- S t e a d y ,  non-decaying  source  . . . . . . . . . . . . . .  
- Recep to r ' - -~  	 . . . . .•: ~,~:at~,.n 25 km f rom source  "^' 	 : 

- Concen t r a t i ons  measured~OO~s of yea r s  a f te r  re lease  

o: Most  likely mechan i sms :  - hyd rau l i c  focussing 

•: ~: 	 - hydrau l i c  d e f o c ~ s s i n g  : 
- t r ans ien t  flow tube  w a n d e r i n g  
- longi tudina l  d i spers ion  
- not much  lateran d i spers ion  
- riot much  mixing 

r~t~n~nlna ~u~ll  ~ont lnv-~ 

® Es t ima ted  di lu t ion factor :  1 - 100, med ian  10 

- L o w  end:  s i te-wide source,  little t r an s i en t  act ion 
- High  end:  point  source,  s igni f icant  t r ans ien t s  

® Mixing  model  used in c u r r e n t  PA is i n a p p r o p r i a t e .  F low tubes 
are  iil~ely to r e m a i n  fair ly  discrete.  
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CHANGED CONDITIONS 

Pluvial Climate 

@ Most-likely future climate scenario: Anthropogenic greenhouse 
warming for 3 ky, then resumed global cooling toward next  : 
glacial epoch as predicted by Mi!ankovitch orbital theory of 
climate. . . . .  ; . . . . . . . . . . . . . . 

o 	 Under cooler(wetter climate with MAP. 2-4- times eurrent rates:- 
increase in Death Valley water buaget from 400,000 to 700,000 
mS/y, and rise inwater table of 50-!00 m. 

Impact of Repository Heating 

@ Boiling, buoyant convection, redistribution and condensation of 
moisture in the UZ, leading to complex transient patterns of 
perched saturation, fracture drainage, and increased infiltration 
to the water table. Under some scenarios, ambient infiltration to 
the water table could increase iO0-fold, and increased rates could 
persist for 1 ~ 0  years. 

@ Temperatt~r~ effects are predicted to extend into the SZ. They 
could potent! ia!lv: 

- c r u : ~ t e  c o n v e c t i o n  ,cells in the SZ 
,..t':-z:~l,~ce mineralo~[ic alteration that affects the 


/ ,~ ~eability structure ~f the volcanic aquifers 




SUMMARY OF CONCLUSIONS 
- - 4  

Q There  is noi:hhig a b o u t l h e  YM sa,i,, ra i ed-zo~ue _fl_ow system ~that 
precludes application of s tandard hydologic tools. It is complex 
and there are uncertainties,  of course, but the basic flow and -
t ranspor t  mechanisns are under  suitabl e investigation, and thei'e • 
will be reductions in uncertainty ove r t ime. There  - is no 
fundamental  difference between YM and other  complex sites t h a t  
have been successfully investigated. 

0 	 Faults  a ~  an impor tant  co rnpone~  of the f l ow~ys t emand  theii" 
ro le i s  notYet sufficiently understood.  :- . . . . . .  . 

Q T h e  l/irge hYdraul icgradient  is not a cause f o r  a i a r m ] i t  is noi ~i . . . .  
pa r t icu la r |y  unusual  hydrologic fe~tu:r~e, i t  may:be f u l l y  i ) :  : - j  [ :: ~:~!::: 
saturated or it may be perched, but settling this controversy is 
not critical to the project. The hydrologic impacts are similar in 
either case. A limited program of field work  and modeling would 
put the issue to rest if need be. 

O The carbonate  aquifer  exerts an important  control on the 
overlying flow system, but it is not likely to be a pa thway for 
contaminant  t ranspor t  from YM to AD. 

G Flow tubes in the flow system between YM and AD are likely to 
remain fairly discrete with little mixing. Flow rates are on the 
order  of a few m/y. Travel times are on the o rder  of several 
thousands of years.  There  are some hydraul ic  processes 
operating in the flow system that will serve to focus flow and 
some that  will serve to disperse flow. An overall dilution factor 
of 10 or more may be defensible. There  is still considerable 
uncertainty over this value. 



Q Water table changes under future climatic changes are likely to 
be in the same rat~gc as documented fluctuations under past 
climatic changes. Median anticipated rise: 75 mo Median 

,.~,,..e,~,~ iacrcase i:n flow: 3X. 
Q Tectonic events are not likely to lead to ~arge or long-lived ~ 

changes in the hydrologic system at YM. _ ~• 
OThermohydrologic impacts of repository heating will overwhelm 

the natural hydrologic conditions in the unsaturated zone at YM, 
and could have significant iimpact on the timingand extent of 
recharge to the saturatedzone, and on near-site saturated flow 
systems. 

' ,  , .  
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COMMENTS ON ELICITATION 

PROCESS 


C O N C E R N S  O F  P A N E L  M E M B E R S  

O Stated purpose of elicitation is to inform PA. Will other PR uses 
be made of results? 

O How will results be used in PA? Too much ~reliance relative to 

more-informed views of project teams? . . . . . . .  


® How will stochastAc PA output be used and misused by various 

players in the ~'e~vironmental game',? ~ =- i :  :~ ~ : .  

O Does integration of ui~certainties o f  panel .mer_,!bers in r epor t  
mask important  individual uncertainties? " : .... 

C O N C E R N S  O F  E L I C I T O R S  


Q Are uncertainties overestimated? CYA syndrome.  

O Are uncertainties underestimated? Expert  overconfidence. 

Q Role of personalities: pessimists/optimists, supporters/cri t ics,  etc. 



