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GROUNDWATER CHEMISTRYAT-YUCCA MOUNTAIN,
-NEVADA, AND VICINITY

by

Jerry F. ke'r'rsk.'

:- GROUNDWATERCHABSTRACTY
* . . ,* .. . . The chemistry of r dwat'r at Yucca Mountain

. .,~~and vicinity.has been, reviewed adcMPardwt h
chemistry of water from the.NevadaTest Site and
surrounding areas such as the Amargosa'Desert and
Oasis Valley. Sodium is the primary cation and
carbote istheprimary anion in water from the
saturated zone of the tuffaceous aquifer-at Yucca
Mountain.,. Othermajor cations presen e calc
p .tasimand magnes .um;..- m , ani ons - ar,

* ~~~~sulfate and..chloride, with -lesser,-quantities of -

. . ,.Thfluoride and.nitrate. ueous s cca sto
. -- ,;ndpresent. The 'Primary:' prpose-of-this 'revie ws to

.survey water-compositiondata and look forrelations
urramong the compositional variables that could provide

-is'ight into the processes that control the 
- ucomposition and would ultimately affect radionuclide

. rmthe reiw. iMutl.,Ohrmao'ln present'aretilct,a

potrolledby rock dissolution and mineral-.
precipitation reactions as wellas' by cationf
echange with existing mineralsAqueo us carbnatealo

* -. :. . s einitially -comes from atmospheric and soil-zone .

carbon ioxide, but there is evidence at Yucca'
M6untoin 'that carbonodioxide in the gas'phase of 'the

.,-;.unsaturated zone supplies .addi-tional -carbonate to.,,
m i ne ral 'd IscoIutIon and precipitation' reactions-,
raisep*the pHof-the water. -This -combination-is

..a .system that s'opewi th respect to carbon rV'
-. -.: *..- effctoively mrol dlssouton d pre .i,, ,,a

,* .. discussed; one conclusio'6f themodel ise bhay the'
true-age fwte thathasobtained significant
amounts oficarbonate from-thegas.phase ofthe' t
unsaturated zone isolderthn Its apparent age.
The primary source of aqueous chloride and'sulfate
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is probably from precipitation; there does not
appear to be any mineralogical controls on these
species at Yucca Mountain. There is some evidence
that water in the deep saturated zone at Yucca
Mountain may be reducing; this conclusion would be
difficult to prove with existing data. Water near
the static-water'level s oxidizing. Water in the
western'part of YuccaiMountain is lower in calcium
than water to the east. Carbonate and fluoride tend
to be more concentrated in the water in the
southwestern part of Yucca Mountain. The
implications of these conclusions for radionuclide
transport primarily reflect the range of water
compositions that could be encountered at Yucca
Mountain. Oxidizing conditions, and carbonate and
fluoride complexes, will have the largest impact on
solubility and speciation. There are not enough
data available at this time to discuss the processes
that control unsaturated-zone water compositions at
Yucca Mountain.

. .~ ~ ~ ~ ~ ~~I.

I. INTRODUCTION 

The Nevada-Nuclea-,'Waste Storage.Investigations. (NNWSI) Project is

studying a site at Yucca Mountain in southern Nevadaas a potential nuclear

waste repository. .The site As. located on..the southwestern edge of the Nevada

Test Site,(NTS) and n adjacent US Bureau of Land Management land and land

controlled by the US Air Force (see Fig. ).. The Topbpah Spring Member tuff

In the unsaturated zcne, of Yucca Mountain has-beenfselected as the candidate

rock unit for the repository. Waste-element. trahsport in water that moves

through the waste-stcrage area and toward the environment is considered the

most likely mechanism for release.of. most.waste elements. To evaluate the

importance'of this mechanism, site-characterization information is required

about water flow paths, water fluxes, and water chemistry. This report

discusses 'water chemistry at Yucca Mountain and in nearby areas. Water

chemistry is an important parameter for waste-elementtransport because the

solubili'ty, speiatfoni and sorption of waste elements on local minerals all
i~~~~~~~~~S o afet th compo:s it''i;on,

depend on water, chemistry. Water chemistry can also affect the composition

and stabilIty'of the minerals in contact with the water. Questions concerning

water fluxes and.flow paths are being addressed by the US Geological Survey

(USGS) in'another part of'the NNWSI'Project (Montazer and Wilson 1984; Waddell

et al. 1984).

2
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Fig. 1. Area map of Yucca Mbuntaln and vicinity with well locations.
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The Yucca Mountain site lies within the southwest Nevada volcanic field

in the southern Great Basin and is a remnant of the Timber Mountain-Oasis

Valley caldera complex. Thick deposits of ash-flow tuffs overlying Paleozoic

carbonate deposits predominate at Yucca Mountain. Alluvium fills some of the

washes on Yucca Mountain as well as adjacent basins.such as Jackass Flats and

Crater Flat. The unsaturated zone is quite thick at Yucca Mountain (about 500

to 750 i). The repository would be located 300 m or more below the land

surface in the densely welded,, devitrified tuff of-the Topopah Spring Member.

In addition to the lower portions of-the Topopah Spring tuff, tuffs of the

Calico Hills and the Prow Pass Member'of the Crater Flat tuff are unsaturated

below the repository location. Two additional units of the Crater Flat tuff

(the Bullfrog and Tram Members) are in the saturated zone below Yucca

Mountain. To the east of Yucca Mountain,: all the tuff units mentioned above

.are partially or completely below the static water level. A summary of.the

mineralogy.of Yucca Mountain has recently been published (Bish and Vaniman

1985). Farther from-YuccaMountain,,the sequence of alluvium and tuff

<'overlying Paleozoic carbonates persists in areas such as Jackass Flats, Yucca

Flat, and Rainier Mesa; some-exposure of Paleozoic carbonates also occurs.

Static water levels in alluvium,. tuff, or carbonates have been found (Claassen

1973).

At Yucca Mountain and vicinity, sodium is the primary cation and

carbonate (as H2CO" HCO 3, and CO3 -) is the primary anion in water from the

saturated zone (Benson et al. 1983; Ogard and Kerrisk 1984; Benson and

McKinley 1985).- Other major cations present are calcium, potassium, and

magnesium;,other major anions are sulfate and chloride, with lesser quantities

of-fluoride and nitrate. Sodium and total carbonate concentrations are

generally in the range of 2 to 10 mmoles/1. Aqueous silica is also present at

a concentrationiof about 1 mmoles/l. Most waters have a pH in the 7 to 8

range and a temperature in;the,25 to 40 C range. In the wider area covering

NTS, Oasis Valley, 'and the:Amargosa Desert, the relative proportions of

dissolved species is generally similar to water from Yucca Mountain; waters in

the higher range of total concentrations of dissolved species are more often

found, however, particularly in areas where evaporation is- important.

Examples also exist of-different water compositions in specialized

environments. -
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Current USGS models indicate that, at Yucca Mountain, water would move

generally downward (with some possibility 6f lateral transport) through the

unsaturated zone and into groundwater in the saturated zone (Montazer and

Wilson 1984). Thus, water chemistry in both 'the unsaturated'and saturated

zones is of interest. To date, numerous wells have sampled'water from the

saturated zone at Yucca Mountain,' and other studies have examined water

chemistry fn nearby areas such as Oasis Valley'the Amargosa Desert, Pahute

Mesa, and Rainier Mesa. Thus, 'information is availlable about 'saturated-zone
' * - 9 * -t t f ; f~~~~~~~~ - 4^4 414- tc-t.-,j --

water chemistry at Yucca Mountain and its'relation to the chemistry of water
,,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4 . *.. . . ,F ,; --', .

in-adjacent areas. However, no analyses of pore'water'from the'unsaturated
,. -, , ~~~. v ' ( 1 . -, .,r- -4 44.- 4- P

zone at Yucca Mountain have been reported. (Gas'analyses'from the unsaturated

zone at Yucca Mountain have been published.) Some pore-water"compositions from

Rainier Mesa have been reported and can be used'as'a gud eunt idata'fromRainier'ke s a' ha' e b 1 n- e id

Yucca Mountain are available. Because the'distribution'bf avalabledata is

weighted heavily 'toward the saturated zone, this report will necessarly

concentrate on chemistry of saturated-zone water. The importance of the

chemistry of unsaturated-zone water at Yucca Mountain is recognized, however,
r . 4 . ,;zf;-,_~vXw '' ,~.,.> 

and when sufficient data are available, a study emphasizing theunsaturated
* ' ~~~~~~~L . . ! r .; - - , ,, . .- ,, - .2 : , i - --r,;

zone is planned.

The phrase "water chemistry" can have avarietyofmeanings. For this

report, water chemistry relates to the identities and'concentritions'of

dissolved species present in the water (including isotopk'''data where'

available), the origins of these species, and the' chemical controls on their
s 1' ' - i: . .~~~~~~~~~~~~'. ' ' ¶ -t ' ' ; ' t .,' C t '

-concentratlons. An understanding of water chemistry at Yucca Mountain starts

with compilations of local water compositions and mineralbgy. However, Yucca

Mountain cannot be viewed in isolation, so that simil ar data from surrounding

, areas are also useful. ,The similarity of watir compbsitions' and mineralogy in

a.larger area containing Yucca Mountain makes an area-wide comparison even

more valuable. An understanding of the origins of dissoilved pecies and

chemical controls on their concentrations leads to knowledgd'of th'e chemical

and physical processes that affect ater compositions. This' knowledge s

important because Yucca Mountain s not a static system; future climatic

changes and even the presence of'a repository can'chang'e so'me of the
. .4 ' . ' ' .. !t4 ,, ' ,} . , , - . 4 ,r ¢ 1 , 1 

parameters that control water composition, such as 'recharge rate, recharge

mechanism, temperature, or materials that contact the water. Thus, in order

to assess the effects of changes n boundary conditions, an understanding is

5
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necessary of the origins of dissolved species in the water and the processes

that-control their concentrations. For quantitative predictions, a

quantitative model of water chemistry is required. At this time, however,

only a qualitative understanding is available of most aspects of Yucca

Mountain water chemistry.

The following sections of this report (1) describe previous reports of

water chemistry at Yucca Mountain and nearby areas, (2) discuss the wells at

Yucca Mountain and vicinity that are the primary focus of this report,

(3) discuss some possible sources of groundwater at Yucca Mountain, (4)

outline chemical and physical processes that can affect water compositions in

this area, (5) present data for important compositional variables'of water
* .. f , , - ; ; , , ,- -, * * I 

from the area and some relations among the compositional variables, (6)

discuss controls that appear to exist on water chemistry at Yucca Mou'ntain,

and (7) discuss the implications of the water chemistry for solubility and

speciation of waste elements and for mineral stability.

II. PREVIOUS WORK

;.,.,..Water from Yucca Mountain and many nearby areas'has been sampled and

analyzed. The operation of NTS led to test wells and producing wells in areas

such as Yucca Flat, Frenchman Flat, Jackass Flats, and Pahute Mesa. In

addition, springs and seeps have been sampled in some of'these same areas as.

well as at Rainier Mesa. The compositions of water from areas near NTS have
-: - *L - '- i,* ''i' '' "' -

also,been reported; these include Oasis Valley to the west of'Yucca Mountain

and NTS, and the Amargosa Desert to the south of NTS. In recent years, a

number of test wells have been dug and sampled at Yucca Mountain as part of

the NNWSI Project. Data from all of these locations provide a base'for the

analyses done in this report..

The sources of water-composition data that were reviewed and included in
-- '.;I . , . ' o.-?:bS @ 

this, investigation of groundwater chemistry are listed-below along with a few

words about the water sampled.

1. Clebsch and Barker (1960), composition of water from wells'and

springs at Rainier Mesa,
2. Clebsch (1961), tritium analyses of water from NTS,

3. Blankennagel and'Weir (1973), composition of water from wells at

Pahute Mesa and vicinity,

6
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..----..- 4. Claassen .(1973), composition of. watetfrom various water-supply wells

around NTS,

5. Benson (1976), composition of pore water from RainierMesa,

6. White.(1979),-.composition.of water from Oasis Valley,

..7. White et al. (1980), composition of fracture water from Rainier Mesa,

8..Henne (1982),, composition of fracture. water from Rainier.-Mesa,

- ;. 9. Benson et al. (1983), composition of-water from wells in the vicinity

-- of-Yucca Mountain, .- . -

, 1O.Ogard and Kerrisk (1984),_composition of water from wells in the

vicinity of Yucca Mountain, . . '.

. Benson and M inley (1985), composition of water fromwells in the

vicinity of Yucca Mountain, . -

12. Claassen,(1985),, composition of water from wells and springs in the

*.: - -,-Amargosa Desert.and-at other -locations at NTS.and vicinity, and

13. White and Chuma (1986), composition of.water from Oasis Valley and

Pahute Mesa...

.~~~ ~ ~ : ' ;-'.'-' : . .. .t-s -. . ' . ) ~. :' . . .

A tabulation-of-the various water compositions is-glven :in Appendix A. In

- addition-to the water-composition data outlined. above, analyses of the gas

phase from the-unsaturated zone .at Yucca.Mountain.have been.reported by Yang

et-al. (1985).;-i These:data were taken-from-near-surface locations to about

* - . 368-m depth;:they provide direct nformation about the gas phase..contacting

.. -.- -pore water-in the-unsaturated zonefat Yucca Mountain,;but only indirect

..Information-about-the pore water. . - .

-Ageneral *reviewof groundwater chemistry-in the south-central Great

Basin.was-given-by Winograd-and-Thordarson-(1975). They identified five types

;of-groundwater in-the area:.-, - .

* --1. a calcium-magnesium-bicarbonate water that moves only through the

." '' --.*carbonate aquiferzor through a.valley-fili.aquifer-that is rich in

.carbonate detritus, L , , *<C -.; .

.v . . . .2. a-sodium-potassium-bicarbonate water that moves only through the tuff

.or lava-flowiterrane,.or through a valley-fillaquifer that is rich

- ;- ';involcanic-detritus,.-, - , * ' -

3. ra mixture-of the first-two types;.that results from downward flow of

the sodium-potassium-bicarbonate water into the-carbonate aquifer,

4. a sodium-sulfate-bicarbonate water in east-central Death Valley, and

7
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5. 'a playa'water that exists as shallow groundwater beneath saturated

playas.

Winograd and Thordars6n (1975) infer, on the basis of hydrochemical data, that

groundwater beneath NTS moves toward the Ash:Meadbws area.

White (1979) reviewed'the geochimistry of groundwater associated with

tuffaceous rocks in Oasis Valley, which is west of NTS and-Yucca Mountain. He

concluded that most recharge entering'Oasis Valley comes from the north and

east, including Pahute Mesa. The water moves from the recharge areas through

the fr acture system in the tuffaceous rocks ahd into the alluvium in the

valley floor. The close proximity'of the water in the alluvium to the ground

surface promoten evapotranspiration and an increase in concentration of the

dissolved species. Some dissolved species such as sodium and chloride were

not selectively'added or-removed from the water, but others such as calcium,

fluoride, aqueous silica, and bicarbonate were affected by precipitation or

dissolution reactions.--

White, Claassen, and Benson (1980) described the effect of volcanic glass

dissolution on water chemistry in a tuffaceous aquifer at Rainier Mesa (see

also Claassen 'and White 1979). Water''containiing dissolved carbon dioxide

reacts with vitric and'cryst'alline tuffs.' As dissolution proceeds, the water

pbecomes saturated with Yesrect to various mneral's;- The-competition between

species added-by d'ssolution and removed'by:precipitation'controls water

composition.' Expetmiments with vitric and crystalline tuff produced aqueous
'solutions of different comps'ition, crystalline tuff-giving more calcium-rich

water and vitric tufF giving more sodium-rich water. The authors concluded

that-dissolutionof vitric tuff was the predominant reaction affecting water

composition;''this predinance wasprobably related'to different flow

mechanisms in the two materials (fracture flow dominating in crystalline tuff

and interstitial flow nvitric tuff). Cation-compositions in-fracture and

pore water sampled at Rainier Mesa-were similar, but pore water was higher in

chloride and sulfate relative to bicarbonate'than was fracture waters (see

also Benson 1976). Kirrisk'(1983)modeled glass dissolution and mineral

> precipitation reactions'with-reaction-path calculations. He was able to

reproduce the general trends of major-species water composition and mineral

precipitation by using glass'dissolution data measured by White, Claassen, and

Benson (1980)'
.- .- 
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Claassen (1985) reviewed data for groundwater in the west-central

Amargosa Desert. He concluded that overland flow of snowmelt in or near

present-day stream channels was the primary recharge mechanism rather than

subsurface flow from highland recharge areas in the north. Two of these

stream.,channels are the Amargosa River, which enters the Amargosa Desert in

the west from Oasis Valley, and Fortymile Wash (Fortymile Canyon),"which

passes Yucca Mountin on its, way .to the Amairgosa Desert. Recharge;through

*r-alluvium composed of fragmentslof. tuff or carbonate, or mixtures of the two,

and throughplaya deposits'results in differit'water- compositions:' He also

saw evidenceifor upward leakage.of~water from a regional carbonate aquifer

ilnto alluvium and mixing with water recharged directly into the-alluvium at~~- >8. . t _,,o'^,-.,;,4:-r 

the eastern edge of the study area.

White and Chuma (1986) revlewed data fr iter from Oasi's Valley and
Fortymile-Wash. They used isotopic-data to conclude that groundwater from

Pahute Mesa discharges'throughtuffaceous aquliferslnto Oasis Valley, but not

into Fortymile Wash. They also concluded-that waterin the alluvium in the

upper north-central Amargosa Desert originated principally as groundwater in

tuffs in Fortymile ash;.,this disagrees with- the conclusion of Claassen (1985)

that overland flow was more.important. White and Chum i (1986) infer that,

* .-.-during passage-.through.OasisiValley, dissolved carbonAte-Tin the'water is

exchanged with soil-zone carbon dioxide and,carbonate ln caliche; this

^- .-exchange:is-facilitated by.:the proximity of.the water~to.the ground surface n

Oasis Valley..,; . ., ,, - - -. -

, . . - ; . c; , . S , .-.; .

III..vYUCCA' MOUNTAIN WELLS ;-- ,; ,

A'number of wel-ls-have been completediand'sampled at.Yucca Mountain and

;'- .;-Avicinity as;part'ofthe NNWSIt Project or otheriprograms at.NTS., Compositions

of water from these wel.ls have been reported primarily, by Benson et al.

: (1983),-Ogard and Kerrisk-i(1984)., .and Benson and.McKinley (1985).-, Table I

;. ;,:.lists.the :15 wells from Yucca:Mountain -and vicinity,,that-were, reviewed as part

-tof this report.-.'Wel.ls J-12 and ,J-,13 arewater-supply wells;-theothers are

:,1test wells-.: Table .Ialso lists ,the well locations and Fig..,I shows the

-locations around Yucca Mountain.-.-:- *- -

All but one of the wells (UE-25p#l) sample the tuffaceous.aquifer around

Yucca Mountain. Well UE-25p#l encountered the carbonate aquifer at about

1300-m depth and continued to about 1800-m depth (Craig and Robison 1984).

9



'TABLE. I
E . . T OU . II

WELLS'AT YUCCA MOUNTAIN AND VICINITY'

Well Location
,- * I .. 

-J-12- Fortymile Wash, east of.Yucca Mountain
J-13 Fortyile Wash, east'of Yucca Mountain
UE-25b#1 Yucca'Mountain;'Drill Hole Wash
UE-25c#1- Yucca Mountain, Mldway.Valley
UE-25c#2 Yucca Mountain, Midway Valley
UE-25c#3 '' Yucca Mountan,'Midway Valley
UE-25p#1 .,Yucca Mountain, Midway.Valley
UE-29a#2 Fortqmili Wash, northeast of Yucca

Mountain
-USW G-4- Yucca-Mountain, Drilt Hole Wash
USW H-1 Yucca buntain, Drill Hole Wash
USW'H-3' :Yucca-'Mountain crest'
USWH-4 Yucca Mountain, wash south.of Drill,.

Hole Wash'
;' " USW'H-5 ' Yucca;Nountiln:crest

-.USW H-6 .Jet.Ridge, across Solitarlo Canyon,
- - west of Yucca Mountain'

* ? USW VH-1 ; *Crater Flat,- southwest of Yucca
. .S -- . - 46 , t

Water Samplesa

Integral
Integral
Integral, 863-875 m
Integral
'Integral
Integral
381-1179 m, 1279-1805 m
87-213 m, 247-354 m

Integral
572-687 m, 687-1829 m
822-1220 m
Integral

Integral
Integral,.608-646 m,
753-835 m
-Integral

aLists depth interval sampled or whether the' entire well bore was pumped
' 7.( ntegral sampl e). -

- ' '<Watei-saiples4from twosdepths have-been'reported:from UE-25p#1.- A deep sample

that appears to represent the carbonate aquifer in this location iscalled

"carbonate water" n this report. A shallower sample that represents a

mixture of tuffaceous and carbonate aquifer wate'r.is called'"tuffaceous-

;carbonate water"rin this report. These-two samples have-different

'compositions and ares usuallydifferentiated in discussions. Most samples from

the other wells, which'all sample the tuffaceous aquifer, have been integral

- ' samples in which no attempt was made to selectively'-pump particular zones.

The exceptions" are 'shown in Table I, where 'information under the heading WATER

SAMPLES indicates whether an-integral sample was' taken or whether specific

lntervals were'sampled Discussions of water fr'om the tuffaceous.aquifer

around Yucca Mountain have usually not differentiated between samples from

'' 'different depth intervals.-

. . . . . .-
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IV. SOURCES OF GROUNDWATER

One of the boundary conditions that influences the composition of

saturated-zone water at Yucca Mountain is the source of the water. Water

entering the area carries dissolved species with it. The identities and

concentrations of these dissolved species depend on the past history of the

water. There are three potential sources of groundwater in the tuffaceous

aquifer at Yucca Mountain and vicinity: (1) subsurface flow from other

recharge areas, (2) direct recharge from local precipitation or runoff and

(3) flow from the carbonate aquifer that underlies the tuffaceous aquifer. A

hydrologic model of Yucca Mountain that outlines sources of groun'dwater in the

saturated zone is still being developed by the USGS. However some ideas

about the likelihood of these sources can be obtained from the preliminary

models that have been developed (Waddell et-al.-'1984 Robis6n 1984;`Czarnecki

1985) and from consideration of nearby areas.

The general similarity of the composition of-the'tuffaceous-aquifer

minerals around NTS and vicinity ,makes it difficult-to distinguish. from
geochemical evidence alone, between subsurface tuffaceous

:ge!.;*- b e twe -6.- th*ou-gh the

aquifer from other recharge areas and direct recharge: Two different* r u d at r i th . , ;, *-!. ** -*out; *
..,proposals for the source of groundwate -inthe southern partfof Fortymile Wash

h,ave,* -, made. 19 , .

- have been made. Claassen (1985) concluded that groundwater was recharged

primarily by overland flow and local recharge, but White and-Chuma(1986)

considered subsurface flow more likely. Ineither case the water would

contact tuffaceous material in the aquifers or valley-fill-and have a similar

overall composition.

The general flow direction from north to south proposed by Winograd and

Thordarson (1975) for groundwater beneath NTS makes highland areas to the

north of Yucca Mountain potential recharge areas; White (1979) and White and

Chuma (1986) have concluded that groundwater from Pahute Mesa flows into Oasis

Valley, but that it is not a source for groundwater in Fortymile Wsh. The

relationship between water from Pahute Mesa and Yucca Mountain is uncertain at

this time.

Claassen (1985) found evidence for upward flow of water from the

carbonate aquifer and mixing with water from the tuffaceous--aqife' in local

areas in the eastern Amargosa Desert. Springs in the Ash Meadows area also

discharge water from the carbonate aquifer. -No geochemical evidence of upward

flow of carbonate aquifer water around Yucca Mountain has been reported;

11
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however, there are potentiometric data indicating this possibility (Robison

1984). Broxton et al. (1986) have proposed this process as the cause of a

trend from more sodium- and potassium-rich zeolites in western Yucca Mountain

to more calcium-rich zeolites in the eastern part.

V. ACTIVE CHEMICAL AND PHYSICAL PROCESSES

This section presents short discussions of chemical and physical

processes that are active at Yucca Mountain and that could affect water

compositions. Its purpose is to remind the reader of'those processes that

could control water composition or that could change water composition as

conditions change at Yucca Mountain.

A. Transport with Water

As discussed in'Section IV above, transport 6f dissolved species with

water that.enters or leaves the Yucca Mountain area is an important process

affecting water compositions. Because of the similarity of mineralogy in the

tuffaceous aquifers at NTS, it may be that water entering Yucca Mountain by

subsurface flow through the tuffaceous aquifer has already achieved-a

- steady-state composition in the major cations and anions. Water from-the

carbonate aquifer has its own characteristic composition. Water directly

_,%.recharged through the unsaturated zone may also have a different composition,

* but this has not been determined as yet.

B. Rock-Water Reactions

Dissolution of volcanic glass and minerals provides a major source of

alkali metal and alkaline earth cations, and aqueous silica to water in the

tuffaceous aquifer (Hoover 1968; Claassen and White 1979; White et al. 1980).

Dissolution and secondary mineral precipitation are responsible'for the

sorptive minerals-found at Yucca Mountain. Water-mineral reactions also

stabilize the pH of the water (Ogard and Kerrisk 1984). These processes are

particularly important for water that is recharged through the unsaturated

zone. Reactions between water and carbonate minerals in the Paleozoic

(carbonate) aquifer, strongly influence the chemistry of that water.

C. Ion Exchange

Cation exchange between local water and secondary minerals such as clays

and zeolites at Yucca Mountain can also change or control alkali metal and

alkaline earth concentrations in the water. Isotopic exchange between

12



.dissolved carbonate species and carbonate minerals has also been reported

Cthitte and Chuma 1986).

-E- ;Gas Dissolution - .

Various gases.dissolved-in water influence water,,chemistry.. At.Yucca

Mbuntain,.two importanttgasesfare oxygen and carbon dioxide. Most

*saturated-zone.water;from Yucca Mountain and vicinity isoxidizing,,containing

.measurable quantities of dissolved oxyaen (Ogard and Kerrisk 1984). This

affects the chemistry of many of the waste.elements,.particularly.,the

-2 .actinides. .- . 2 *

Water containing dissolved-carbonate-species has an equilibrium carbon

-dioxidepressure that is afunction of theamount of dissolved carbonate and

:the water~composition, jincluding pH. -The atmosphere and the,.soil zone are two

important sources of gaseous carbon dioxide. Precipitation and water passing

through the soil zone pick up dissolved carbon-dioxide. Thecarbon dioxide

.,:content-of gas:from the.unsaturated zone and the isotopic composit on of the

gas has been.measured at and.near..NTS (Henne, 1982,White and Chuma 1986) and

-".at Yucca ,Mountain (Yang.et al. 1985). These data have not been related to the

carbonate content of. water from the saturated zone as yet.

E. ' Mixinq of Different Water Compositions. . ,..

There are two majoraquifers.in -the vicinity.of-Yucca Mountain, the

tuffaceous aquifer and .the carbonate aquifer, which general.ly.underlies the

* . - tuffaceous aquifer at NTS.. JThewaters from these,,two aquifers have somewhat

'different compositions, and mixtures-of theotwo.extremes have been noted

(Winograd and.Thordarson 1975). This process could be important atYucca

'Mountain if water fromthe carbonate aquifer enters-the tuffaceous aquifer.

* ,tF. .Evaporation > -. . !,¢ ,.. ,r-- -.- v

' o Evaporation is-observed in-areassuch--asOasis..Valley where~the static

nwater;level approaches the-land.surface.- At-Yucca Mountain, however, the deep

',~', ;,--unsaturated zone would preclude evaporation.from saturated-zone;,water. There

--.-are-two situations where evaporationmay be important at Yucca Mountain: in

the unsaturatedszone and during-the thermal pulse inthe repository. In the

.. matrix of.the unsaturated zone, ,where liquid water presents-a large surface

area to:the gas lphase,-evaporation may, affect water compositions. -.Because of

,the limited-.amount,,of-data about-unsaturated-zone watercompositions, little

can be.said about evaporation in theunsaturated zone at this time.,

13
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VI. IMPORTANT GROUNOWATER COMPOSITIONAL VARIABLES AND RELATIONS AMONG

THESE VARIABLES

The composition of groundwater represents direct evidence of the chemical

and physical processes'that are active in control of that composition. Water

compositions and relations among compositional variables are often used to

support interpretations or'Inodels about'the origin or age of the water, or

about its relation tothe local area (Fritz and Fontes 1980; Drever 1982;

Claassen 1985; Whiteand Chuma 1986). This section presents information about

relations among various compositional variables of water from Yucca Mountain,

NTS, and vicinity.' Thebbject of these presentations is to show relations

where they exist and, in this and the following sections, to interpret these

relations in terms'of the physical and chemical processes that control water

composition.-

A. Major Species'and Variables

Sodium i's the, primary cation in'essentially all the saturated-zone water

in this area.' Calcium andpotassium'are next' in- importance, with calcium

predominating in waters' from the carbonate aquifer. Magnesium is also present

in smaller quantitiesin these 'waters;it ismore'prominent in waters from the-

carbonate aquifer. The dssol'ution of volcanic glass and.minerals in the

tuffaceous and'carbonate aquifers is the major source of these cations (Hoover

1968; Winograd and Thordarson 1975; Claassen and White 1979; White et al.

1980). Figure 2 shows plots of total sodium content as a function of total

carbonate (the priniary anion) content of water from Yucca Mountain, NTS, and

vicinity. The meanings of the abbreviations shown in'the legends are

described in Table II. In Fig. 2(a), data from, 187 smples are plotted; the

data are segregated into 10 sets, primarily based on location. Definite

clustering of some sets 'of data can be seen. Above about 6 mmoles/l total

carbonate, the data`spl'it into'two groups; water from Oasi's Valley continues

to increase insodium 'content with increasing carbonate, but other water does

not. White (1979) concludd'th'at the water in Oasis Valleyis-undergoing

evaporation as it moves'down the valley;'thisis'demonstrated by the roughly

linear variatlion'of sodium' and carbonate concentrations (as well as a number

*of other concentrations that will be'discussed later) in that water. Three of

th'e samples with high carbonate'(9-lOmmoles/l) and intermediate sodium (5-7

mmoles/l) are frohicarbonate'aquifer wells (UE-25p#l carbonate water, Well C,

and Well C-I). Some of the higher carbonate waters that fall in the group

14
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TABLE II

WATER SAMPLING LOCATIONS

;Abbreviatl

YM/FMW

'ADIFMH

AD/MISC

'AD/OV

OTHER
..- . . ..-..

Ion Location ,

Wells at Yucca Mountain and'vicidity lncluding Fortymile Wash
(J-12, J-13, UE-25b#1, UE-25c#1, UE-25c#2, UE-25c#3, UE-25p#l,
UE-29a#2, USW G-4, USW H-1, USW H-3,'USW H-4, USW H-5, USW H-6,
and USW VH-1).

Amargosa Desert wells and springs in the Fortymile Wash stream
channel - sites 3 to 19 from Claassen (1985).

Miscellaneous wells and'springs;in the Amargosa Desert - from
Claassen (1985).

Amargosa Desert wells and springs in the Oasis Valley drainage
' system above the Fortymile-Wash stream channel - sites 45 to 52
from Claassen (1985).

NTS wells and springs from Yucca Flat, Frenchman Flat, and the
--Calico Hills-- Claassen (1973) and.Claassen (1985).

Wells and Springs from Oasis Valley White (1979) and White
and Chuma (1986).

OV

PM Wells from Pahute Mesa

RM/PW Pore water-from the unsaturated. zone at Rainier Mesa - Benson
(1976).

RM/FW Fracture water from Rainier Mesa -White et al. (1980).

RH/MISC ' 'Miscellaneous wells, springs, and fracture-water samples from
Rainier Mesa.

between the carbonate wells and the main body tf the data may result from

!mixing more dilute water from the tuffaceous aquifer with water from the

*carbonate aquifer; two of these wells are-from-the tuffaceous aquifer at

'Phute Mesa (UE-19c and.UE-19d). Winograd and Thordarson (1975) identify a

mixed tuffaceous-carbonate water-ln terms of downward flow of water from the

tuffaceous aquifer into the carbonate aquifer. It is also possible that

-llupward flow-of' water from the carbonate aquifer-into the tuffaceous aquifer

(Waddel' et al. 1984)'could'result in a similar mixing process and similar
water compositions..:
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In Fig. 2(b), the shaded area represents the range of compositions

covered in Fig. 2(a) by all the data, and only-the compositions from Yucca

Mountain and vicinity are plotted as specific points. Excluding data for the

UE.-25p#l carbonate water (9.3 mmoles/l total carbonate), which is a carbonate

aquifer sample, there is about a factor of 2 variation in the sodium and

carbonate contents of water from the tuffaceous aquifer at Yucca Mountain.

The trend of the compositions of the Yucca Mountain water with increasing

carbonate content generally stays below the Oasis Valley data.

Figure 3 shows plots of total calcium content as a function of total

carbonate content of water from YuccaMountain, NTS, and vicinity. In

Fig. 3(a), data from the same 187.sources that were shown in Fig. 2(a) are

presented. As in Fig. 2(a), definite clustering of some sets of data can be

seen in Fig. 3(a). The Oasis Valley data show a relatively constant calcium

content with increasing carbonate, probably because of solubility

constraints. In Fig. 3(b), the shaded area represents the range of

compositions covered in Fig.-3(a) byall the data, and only'the compositions

from Yucca Mountain and vicinity are plotted as specific points. Except for

both samples from UE-25p#l, the water from Yucca-Mountain has relatively low

calcium content (less than 0.5 mmoles/l). This is particularly true of water

from wells USW-H-3, H-6, H-5, and H-1, which have-calcium contents of 0.15

mmoles/l or less.- These wells are on the western-part of Yucca Mountain or

across Solitario Canyon.- The Ghost Dance Fault-isan approximate dividing

line between these :low-calcium wells and those to the east with higher calcium

content (seelSection VI(D)).-

Figure-'4(a) shows a-ternary -plot of the relative sodium, calcium, and

potassium contents-of water:from Yucca Mountain, NTS. and vicinity. Water

from the carbonate-aquifer has-high-calcium (and magnesium), up to about 45X

in the data shown-in-Fig.-4(a).---Most of the Yucca Mountain waters plot along

a line with about 0-5% potassium, and-sodium-rangingvfrom about 70% up to

essentially 100%;-this-is more-Sapparent-in;Fig.-4(b), which shows a shaded

area representing-all-the data-inFig. -4(a)withonly Yucca Mountain data

plotted as 'specific points. Two of-the wells in Fortymile Wash (3-12 and

J-13) have slightly higher relative potassium contents. An attempt was made

-to correlate the relative sodium content (Na/(Na+Ca+K)) of the water with

other compositional variables, but no significant correlations were found for
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all the data. There is, however, a relation between relative sodium content

and pH for water from Yucca Mountain and vicinity, and between relative sodium

content and the location of Yucca Mountain wells. Figure 5 shows a plot of

Na/(Na+Ca+K) as a function of pH for water from Yucca Mountain and vicinity.

In addition to the water'data plotted there, the two lines show variation in

the same variables rom reaction-path calculations of volcanic-glass

dissolution and secondary-mineral precipitation at Rainier Mesa (Kerrisk

1983). The general shape of the data, relatively flat at lower Na/(Na+Ca+K)

values with increasing pH as Na/(Na+Ca+K) approaches 1, is also predicted by

the calculations .,The variation of Na/(Na+Ca+K) with location is discussed in

Section VI(D).

The pHof water from Yucca Mountain, NTS, and vicinity is generally in

the range of 7 to 9. Two extreme values are observed at Yucca Mountain; the

carbonate-water sample from UE-25p#l has a pH of 6.6 and water from H-3 has a

pH of 9.2. The pH of all water samples as a group did not show any

correlations with other compositional variables. However, at Yucca Mountain

and vicinity, pH is related to a number of other compositional variables. The

relation between pH and Na/(Na+Ca+K) was noted above and shown in Fig. 5. The

pH is also inversely related, to-calcium content and, to some extent, to

magnesium content. If the calcium content is related to pH through calcite

solubility, a plot of loglo(calclum content) as a function of pH should be

linear with slope -2 when the-carbon dioxide partial pressure is constant, or

curved with the slope varying from -2 through 0 with increasing pH when the

total carbonate content is constant. Figure 6 shows a plot of loglo(calcium

content) as a function of pH of water from Yucca Mountain and vicinity. The

slope of a curve through-the data would decrease from about -2 at pH 6-7 to

about -1 at pH 8-9. -This,-variation approximates the expected behavior for

constant total carbonate content and would indicate that calcite solubility

may be a factor in controlling the calcium content of water at Yucca

Mountain.'-There is also a relation between pH and total carbonate content of

tuffaceous-aquifer water from Yucca Mountain and vicinity (see Fig. 7).

Although most of the tuffaceous-aquifer data are grouped together in one area,

;water with higher total carbonate content tends to have higher pH. Water from

UE-25p#l has high carbonate content but low pH; thus, it does not fit this

trend.
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The carbon dioxide partial pressure in equilibrium with water

compositionsiwas calculated using the EQ3 chemical equilibrium computer

program (Wolery 1983) for about two-thirds of the samples reviewed here.

Figure 8(a) shows a plot of loglo(carbon dioxide pressure) as a function of pH

for samples from Yucca Mountain, NTS, and vicinity. There is a trend toward

decreasing carbon dioxide pressure with ncreasing pH. As expected, water

from the carbonate aquifer tends to have higher equilibrium'carbon dioxide

pressures than water from the tuffaceous aquifer. The Rainier Mesa pore water

shown in Fig.'8(a) has lower equilibrium carbon dioxide pressures than the

fracture water. Figure 8(b) shows a similar plot for data just from Yucca

Mountain and vicinity. There is much less scatter in these-data. The slope

of a line through the UE-25p#l data is about -2: in the higher pH range (7.5

to 9),_the slope is about -. The maximum carbon dioxide pressure calculated

for tuffaceous waters from'Yucca Mountain (-10- atm) is similar to peak

carbon dioxide pressures observed in the soil zone at Yucca Mountain (Yang et

al. 1985). Th`us,-soil'-zone carbon dioxide is a possible source of the aqueous
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carbonate in the water The calculated carbon dioxide pressure of water from

Well H-3 at:Yucca Mountain (10-3-8 atm) is below the carbon dioxide pressure

in the atmosphere (10-3 atm) and well below carbon dioxide pressures

measured in the gas phase of the unsaturated zone at Yucca Mountain (Yang et

al. 1985). This water also has the highest total- carbonate content of the

tuffaceous aquifer wells at Yucca Mountain. The high carbonate content of

this water could result from some process-.that increases the pH. thus driving

down the equilibrium carbon dioxide pressure of the water to the level where

it is below carbon dioxide partial pressures in the unsaturated-zone gas phase

above the water, and allowing dissolution of gas-phase carbon dioxide in the

water.

As could be implied from the relations between pH and-total carbonate

(Fig. 7), and carbon dioxide pressure and pH (Fig. 8(b)) for tuffaceous water

at Yucca Mountain, there Is also a relation between carbon dioxide pressure

and total carbonate for these data (see Fig. 9). For the tuffaceous wells,

those with higher total carbonate tend to have lower carbon dioxide pressures..

This is: consistent with thepossibility that-gas-phase carbon dioxide in the

unsaturated-zone could be the source of aqueous carbonate contents above about

2 mmoles/l in tuffaceous-aquifer water from Yucca Mountain. The two samples

from UE-25p#1, which represent carbonate aquifer water and mixed

tuffaceous-carbonate water, do not fit this trend (see Figs. 7 and 9).

The discussions about relations among pH, total carbonate, calcium

content, and equilibrium carbon dioxide pressure in-the previous two

paragraphs alluded to the possibility that calcite or dolomite solubilities

may also be-involved in controlling water chemistry'at Yucca Mountain. The

state of water with respect to saturation with a mineral can be represented by

the quantity loglo(Q/K), where Q is the ion activity product and K is the

equilibrium constant for the solubility reaction (Stumm and Morgan 1981). The

quantity og1O(Q/K) is negative for undersaturation, zero at saturation, and

positive for oversaturation. Figure 10 shows a plot of calcite oglO(Q/K) as

a function of H for water'from Yucca Mountain and vicinity. The og1O(Q/K)

data were calculated from water compositions-using the EQ3 chemical

- -equilibrium computer-program: at the same time that carbon dioxide pressures

were calculated kwolery 1983). Most of the waters with high pH are near

saturation with respect to calcite; these are the same waters that showed low
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calcium contents in Fig. 6. Thus, the low calcium content of these waters may

be the result of-calcite'(or dolomite) precipitationas water pH increases.

The low calcium content and the high carbonate content in the

tuffaceous-aquifer water in the western part of Yucca Mountain may be

connected phenomena.

Essentially all the aqueous silica contents of the waters from Yucca

Mountain, NTS, and vicinity range from about 0.6 to 1.3 mmoles/l, with an

iverage of 0.89 mmoles/l. This puts the water in the range of cristobalite to

amorphous silica saturation. A few samples show higher and lower values. In

particular, water sampled from the surface soil of Rainier'Mesa show lower

aqueous silica contents, 0.3 to 0.6 mmoles/l (Bensonr1976;.Henne 1982). Wells

that tap the carbonate aquifer (Wells Army-l, C, and;C-l) are also low in

aqueous silica; Winograd and Thordarson (1975) noted the low aqueous silica

content of water from the carbonate aquifer. The aqueous silica contents of

waters from-this area did not show significant correlations with any of the

other compositional variables examined. Aqueous silica is supplied to these

waters primarily by dissolution of tuffaceous rock and minerals;

-concentrations are.probably controlled.by precipitation of various solid

Fsi lica-polymorphs Ierrisk (1983) has proposed-that high aqueous silica

activity (in equilibrium with cristobalite)-- is--required for the presence of

the zeolites found at Yucca Mountain.

Carbonate is the primary anion in essentially all the water from Yucca

Mountain, NTS, and vicinity. After carbonate, chloride and sulfate are next

in order of amount present; these two anions are generally present in about

equimolar quantities. Carbonate,,chloride, and sulfate usually represent 95%

or more of the anion content of the water. Figure 11 shows.plots of (chloride'

+ sulfate)-content a a function of total carbonate content of these waters.

In Fig. 11(a), data from 185 sources are plotted. Three types of behavior can

bei seen moving away from the dilute region of the plot. Many samples of

Rainier Mesa pore water show high (chloride + sulfate) content (1-2.5

mmoles/l) for the amount of carbonate present (0.4-lrmmoles/1) (the data

cluster near the vertical axis); this is consistent with the low equilibrium

carbon dioxide pressures calculated for this water (see Fig. 8(a)). Data from

Oasis Valley show a roughly linear trend of increasing (chloride + sulfate)
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with carbonate; water from the Amargosa Desert in the Oasis Valley drainage

system has somewhat higher (chloride + sulfate) content. These data tend to

cluster in the middle of the plot. Water from carbonate aquifer wells and

other wells around NTS shows lower (chloride sulfate) content for the amount

of carbonate present; these data cluster near the horizontal axis. In

Fig. 11(b), the shaded area represents the range of compositions covered in

Fig-. 11(a) by all the data, and only compositions from Yucca Mountain and

vicinity are plotted as specific points. Except for UE-25p#l carbonate water,

*water from Yucca Mountain and vicinity is low in (chloride + sulfate), 0.3-0.8

*mmoles/l. Figure 12(a) shows an expanded-scale plot of sulfate content alone

tas a function of carbonate content for water from Yucca Mountain and vicinity;

Fig. 12(b) shows a similar plot for chloride. Neither plot includes the

carbonate water from UE-25p#l (sulfate content 1.67 mmoles/l, chloride content

0.79 mmoles/l, and carbonate content 9.3 mmoles/1), but they both include the

mixed tuffaceous-carbonate water from this well. The sulfate content shows an

almost linear relation with carbonate except for Well VH-l (see Fig. 12(a)).

zThere is enough-scatter in-the-chloride plot so that there appears to be

* little or no relationship between chloride and carbonate for these wells (see

Fig" 12(b)).

-*i Figure 13- shows plots of sulfate content as a function of chloride

content for water-from-Yucca-Mountain,-NTS, and vicinity. In Fig. 13(a), data

~from l85 sources-are plotted. Most-of the data cluster around the origin,

with-less than 0.5 mmoles/l-sulfate and chloride contents. The straight line

through the origin, with a slope of 0.82, represents a least squares fit of

all the data. Claassen (1985) showsa similar plot with a line representing

- evaporation of modern precipitation; the slope of.that line is approximately

1.65, that is, twice the slope of the line in Fg.;13(a). Claassen (1985)

also noted that grcundwater in the Amargosa Desert contains less sulfate

relative to chloride than modern precipitation. EQ3 calculations of gypsum

loglo(QIK) for about two-thirds of the:samples in Figs. 12 and 13 gave values

from -5 up-to-about -1. This indicates that all. these waters are

undersaturated with respect to gypsum so that gypsum solubility should not

limit sulfate concentrations. The Rainier Mesa pore-water data with high

- (chloride + sulfate) in'Fig. 11(a) plot below the line in Fig. 13(a), with

sulfate content about half the chloride content. Figure 13(b) shows an
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-expanded view of-the region near the or.igin; most of the data from Yucca

Mountain wells appear in this region.. The straight..line is the same line

shown in'Fig. 13(a). - . - - --

Measurements of the redox.state of water.have been made for some wells at

Yucca Mountain and vicinity.but have not been reported for any..of the other

waters reviewed here. Dissolved oxygen, Eh, and nitrite/nitrate ratios have

been measured (Ogard and-Kerrisk 1984). Most of the waters.measured showed

detectable dissolved.oxygen L(2 to.6-mg/1) and Eh.values in the,200- to 400-mV

range (against a H electrode).- Both measures are signs of oxidizing

conditions'. Two wells, UE-25b#l.and USW ,H-3,*had dissolved oxygen contents

below detection limits' (0.1mg/.l) and-negative values of.-Eh).in pumped

* samples. Dur.1nga 28-day pumping test.from a packed-off interval of the

Bullfrog Member tuff in.WellUE-25b#1, reducing conditions'at the .start of the

ttest gave wayto oxidizing conditions lat -the end;. the measured-Eh of the water

ncrease'd,:dissolved oxygen increased-during thelatter third of the test, and

the total-iron, total manganese, and-nitrite/nitrate-ratio decreased (Daniels

et-al. 1983; Ogard et at. 1983;;Rundberg et al.- 1985). All-these trends are

indications that the'water became-more'oxidizingas.the test progressed.

'However, the-three direct.measures of.the redox.state,.dissolved oxygen, Eh,

and.ni'trite/nitrate ratio,".gave conflicting quantitative information. 'The

lack of equilibrium among various redox couples:that-can-exist inisolution is

common (Lindberg and Runnells 1984). The other well to show reducing

conditions during pumping tests, USW H-3,. haddetectabledissolved oxygen that

decreased with time early in a three-month pumping test; however, the water

stabilized 'at oxygen levels-belowdetection and.Eh n.the rangeof:-80 to -140

'mV forlmost of the test-(Crowe.and..Vaniman;1985):-The oxidizng~conditions

-observedear.ly in the USW H-3-test'wereprobably:a result of:contamination

during-driIlling. Two 6ther.wells, USWH-1 and H-4; showed reducing conditions

(negative values of'Eh'andzdetectable sulfideconcentrations) in samples taken

"In evacuated bottles':that were lowered-lnto the-well-'boresto various depths

- after-'pumping testsiwere -completed and the pumps removed (Ogard-and. Kerrisk

'984). 'WellUSW H-4 watershad positive:Eh-andconsiderablel dissolved oxygen

''-in the-sample'taken during.pumping. .In additiowto thesredox-measurements on

water'samples,'measurements of the composition of the unsaturated-zone gas

phase'at'Yucca Mountain have shown about 20%-oxygen present.even at'300-m
.. , , . . .
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depth (Yang 1986). The presence of gaseous oxygen above the static water

level is an indication that water at that level should be oxidizing. The

existence of a wide range of redox conditions in water from Yucca Mountain and

vicinity,' and the variation of redox conditions in individual wells, have not

been satisfactorily explained at this time.

B: Isotopic, Data' -

- There have been a number of measurements of carbon, hydrogen, and oxygen

isotopic data on the waters reviewed here. These data often provide

information about the origin of the water or the physical and chemical

*processes that the water has undergone (Fritz and' Fontes 1980; Faure 1977;

Dansgaard 1964; Craig 1961). Figure 14 shows plots of the percentage of

modern carbon (PMC) in aqueous carbonate as a function of total carbonate

content'of water from Yucca Mountain, NTS, and vicinity. PMC is'a measure of

the 14C content of carbon in terms of the- 4C content of a carbon standard,

and it ranges from'about:l00%.for carbon that is in equilibrium with the

atmosphere to-O% for carbon-that has been-isolated from sources of "4C for a

long time (Fritz'and Fontes 1980). Values of PMC greater than 100% are also

found 'because the:standard represents 4C contents before atmospheric nuclear

testing increased the 14C content of the atmosphere. Carbonate derived from

Paleozoic rocks'has' very low values of PMC. The apparent age (ta) of the

water is related to PMC by

~~~~ta - in(PMC/100)]/'X,--(1

-where X l.24xlO /yr is the decay constant of 14C. In Fig. 14(a), data for

53 samples are plotted. There are two distinct-trends apparent. The data

- from Oasis Valley show an increase in PMC with increasing carbonate content,

and'were explained:by White and'Chuma (1986)-interms of contact between the

water in the shallowLsaturated zone of Oasis Valley and soil-zone carbon

dioxide or caliche; this leads to increasing.PMC~as the water moves down the

-valley. Some of-the-increase is caused by-an addition of carbonate tothe

water-and ome by isotopic-exchange between aqueous carbonate and thef

soil-zone-sources;. The data from Yucca Mountain and vicinity, on the other

- hand, show a range of PMC.(20% to 60% or apparent ages of.13000 to 4000 yr) at

2 mmoles/l total carbonate':with a trend toward decreasing PMC with increasing

carbonate content above 2 mmoles/l; this trend is more apparent in Fig. 14(b),
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where only the-Yucca Mountain data are plotted. It is not clear whether there

is a connection between the tuffaceous water data and UE-25p#l data, or

whether the' tuffaceous water data level off at about 10% PMC (apparent age

18500 yr). A connection could indicate that the trend in Fig. 14(b) is caused

by the addition of carbonate water to the tuffaceous aquifer (see Section

VII(B)).'

Another feature of the data in Fig. 14(b) is that those wells with the

highest values of P14C or youngest apparent age (UE-29a#2, J-12, and J-13) are

in Fortymile Wash where local recharge may be high (Claassen 1985). These two

characteristics, high local recharge and young water, are consistent.

Figure 15 shows plots of the relative 13C/12C content (8 1k) of aqueous

carbonate in these same waters as a function of the total carbonate content.

The 613C data can provide some information about the origin of the carbonate

(Faure 1977; Fritz and Fontes 1980; Haas et al. 1983; Thorstenson et al.. 1983;

Wigley et al.--1978). In particular, paleozoic carbonates have a 6 3C value of

--2I/.., atmospheric carbon dioxide has a 6 13C value of - -7 to -91/.., and

soil-zone carbon dioxide that is derived from plants has 613C values of -12

to 25@Io.. Some care must be taken in comparing 613C values of gas, aqueous,

and solid phases because of-fractionation; thus, carbon dioxide gas will have
13

a different 6 C than the carbonate in an aqueous phase in equilibrium with it

(Wigley et al. 1978). Figure 15(a) shows data for 55 samples from Yucca

Mountain, NTS,. and vicinity. As with the 14C data (PMC) in Fig. 14, there are

two trends apparent in Fig. 15(a). The data from Oasis Valley, although

scattered, show a decrease in 613C with increasing carbonate. This trend is

consistent with the variation of PMC with carbonate; soil-zone carbonate that

* is added to the aqueous phase or exchanges with aqueous carbonate is derived

from plant respiration and has more negative C han the original carbonate

in the water. The data from Yucca Mountain and vicinity (see also Fig. l5(b))

show a range of 3C values (-13°/., to -7*/..) at'about 2 mmoles/l total

carbonate, with some tendency to more positive 613C with increasing

-carbonate. Only-one tuffaceous-aquifer-well from.Yucca Mountain (USW H-3) has

a 6 C value above about -71/,.. As with PMC, it is not clear whether there

is a connection between the tuffaceous water data and the UE-25p#l data. If

there is a connection; the increase in 613C with increasing carbonate could be

caused by the-addition of carbonate aquifer water to the tuffaceous aquifer.
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The relation between pH and total carbonate shown in Fig. 7, and the

relations between PMC and total carbonate and between 63C and total carbonate

shown in Figs. 14(b) and 15(b), imply a relation between pH and the isotopic

variables. Figure 16(a) shows a plot of pH as a funrtion of PMC and Fig. 16(b)

shows a plot of pH as a function of 613C for water from Yucca Mountain and

vicinity. Both plots show some trends in the data for the tuffaceous waters,

but the UE-25p#l samples do not follow these trends. This disparity between

the UE-25p#l data and the tuffaceous water data was also evident in plots of

pH and carbon dioxide pressure as a function of total'carbonate (Figs. 7 and

9), and calcite og1l)(Q/K) as a function of pH (Fig. 10). This behavior

contrasts-with the apparent continuity between the UE-25p#l data and

tuffaceous data in plots of calcium content and carbon dioxide pressure as a

function of pH (Figs. 6 and 8(b)) and of PMC and 613C asa function of total

carbonate (Figs. 14(b) and 15(b)). Although some data point to a connection

between the tuffaceous and carbonate waters at Yucca Mountain, it is far from

clear that an actual physical or chemical connection exists (see Section

VII(B)).

'Stabl'e hydrogen and'oxygen isotopic data can also provide information

about the origins of water or some of the physical and chemical processes that

,the water has undergone (Craig 1961; Faure 1977; Dansgaard 1964; Fritz and

Fontes 1980). Figure 17(a) shows a plot of the relative deuterium/hydrogen

content (SD) of water from Yucca Mountain, NTS, and vicinity as a function of

-the relative 1801160 content (180). The straight line represents a relation

obtained by Craig (1961) for meteoric water. Claassen (1985) shows a similar

plot (with only some of the data) and interprets the distribution of the data

along the-meteoric water line as a temperature effect, with more negative SD

and-6 O originating as precipitation at lower temperatures. Claassen (1985)

.also shows relations between SD and 6180, and apparent age, with older waters

!(lower PMC) showing more negative 0 and 6l80. He relates this to colder

temperatures 10,000 to 15,000 years ago (see also the following paragraph).

'White'and'Chuma (1986) reported the data from Pahute Mesa and Oasis Valley in

Fig. 17(a). They interpreted the spread in asis'Vailey as caused by a mixing

of Pahute Mesa water ('- --1141/., and 180 - -14.5 to 14.71/,.) with

water from the Bullfrug Hills in Oasis Valley (D --1021/.. and 6180 =

--13'.4°/..)., They also cite the difference between Pahute Mesa water and

water from Fortymile Wash and the portion of the Amargosa Desert that drains
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Fortymile Wash as evidence that Pahute Mesa is not arecharge area for
18

Fortymile Wash. Figure 17(b) shows a plot of SD as a function of 0 for

water from Yucca Mountain and vicinity only. The wells from Fortymile Wash
18

(3-12, J-13, and UE-29a#2) plot at more positive D and 6 0 than the Yucca

Mountain-wells, consistent with that water originating as precipitation at

higher temperatures or lower elevations (Dansgaard 1964; Fritz and Fontes

1980).,,

The relation between D and apparent age'reported by Claassen (1985) for

water from the Amargosa Desert also-holds for Yucca Mountain. Figure 18(a)

shows a plot of D as a function of PMC for'water from Yucca Mountain and

vicinity.-,Water with lower values of PMC (older apparent age) has more

negative values of SD, indicating it originated as precipitation at lower

:temperatures or at higher elevations. Because PMC and the total carbonate

content of'water from Yucca Mountain are related (see Fig. 14(b)), there is

also a relation between SD and total carbonate; this is shown in Fig. 18(b),

where increasing carbonate content above about 2 mmoles/l leads to more

negative values of D. Both plots show scatter; however, the relationship

between SD and PMC (Fig. 18(a)) seems to be better defined. This leaves two

possible explanations for the range of SD values observed: that t is a

temperature effect with older water originating as precipitation at lower

temperatures (Claassen 1985) or that it is a mixingof waters with different

values~of SD. Some combination of these two limiting cases is also possible.

Tritium is a radioactive isotope.of hydrogen that is sometimes useful for

dating water (Fritz and Fontes 1980). Because of its short'half-life

(12.3 yr), water isolated from atmospheric sources of tritium would not

contain measurable levels after about 100 yr. Before atmospheric testing, the

natural tritium content of precipitation was less than about 60 pCi/l;

atmospheric testing of nuclearweapons increased tritium contents of

precipitation by several orders of magnitude (Fritz and Fontes 1980). The

'tritium .contents, of water from a number of wells at Yucca Mountain (Benson and

McKinley 1985) and around NTS (Clebsch 1961; Claassen 1973) have been

reported.. Most of the results represent tritium contents below detection

limits of'the analysis, however ,some analyseslhave reported measurable tritium

contents. Clebsch (1961) found detectable tritium in Whiterock Spring and in

water from a tunnel at Rainier'Mesa; tritium was not detected in water from a

number of wells around NTS. Claassen (1973) reported detectable tritium
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levels in water from a number of NTS water-supply wells during a 1964 survey;

levels of 1000 to 2500 pCi/i (300 to 800 tritium units)'were measured for some

wells,.but most wells had much lower levels. Benson and McKinley (1985)

reported detectable tritium levels in six wells from Yucca Mountain and

vicinity, UE-25b#l (2 pCi/1), UE-25c#3 (2 pCI/1), UE-25p#l carbonate water (10

pCi/l), UE-29a#2 (37 pCIl), USW H-3 (2 pCi/l), and USW'H-6 (1-4 pCi/l).* The

highest tritium level around Yucca Mountain is from the shallow (29-m depth to

static water level) Well UE-29a#2 in Fortymile Wash;: this well also has the

highest value of PMC (youngest apparent age) of these wells. The meaning of

measurable-tritium levels in water from deep wells (over 100-m depth to static

water-level) is uncertain. If they are representative of the water at depth,.

they imply."a connection that allows fast transport (less'than 100 yr) between

an atmospheric source of tritium and the saturated zone, or.a source of

*tritiumat depth. Low but measurable levels of tritium may also result from.

sample contamination.

'C. Other Species and Variables

In addition'to'the discus'sions of major' species and isotopic data

presented above, there are'a-number-of minor -species or other variables that

are important or that show some interesting relationships. This section

'discu's'ses.nOtrate, fluoride, organic and articulate concentrations, and

Niter 'temoeirature.
Analyses for nitrate are often not done. Onlyabout a quarter of the

water sampies reviewed here had nitrate contents reported; however, two-thirds

'of the samples from Yucca Mountain and vicinity included nitrate data. The

:nitrate content of all the waters as a group did not show any relationship

with other compositional variables, but the data from Yucca Mountain and

'vicinity did. Figure 19(a) shows a plot of nitrate content-of water from

iYucca Mountafn and vicinity as a function of PMC. Figure 19(b) shows nitrate

icontent as a function of total carbonate. The behavior of-nitrate content as

:a function of these variables shows the same general trends as that of D (see

Figs. 18). For these wells, low nitrate content stassociated with low PMC

.(older-apparent-age) and,- to-some extents, with highertotal carbonate

...*In their. report on ,UE-25p#l, Craig and ,Robison (1984) quoted tritium levels
.'essthan0 lpCi/i forboth"carbonate water' and-miid tuffaceous-carbonate
-water; thus, the report-of. 10 pCi/i for UE'25p#1Vcabonate water in Benson
and McKinley (1985) may be' i misprint. t
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content. High nitrate content in water is usually associated with surface

contamination such as fertilizers or sewage, or with shallow wells (Feth

1966). The well with the highest nitrate content in Figs. 19 (UE-29a#2) is

very shallow (29-m depth to water (Benson and McKinley 1985)), compared to the

other wells around Yucca Mountain (180- to over 700-m depth to water (Robison

1984)). Data on nitrate contents were unavailable for most other waters

examined'here;,data were reported for some wells fromNTS (Claassen 1973) and

Pahute Mesa (Blankennagel and Heir 1973). The data from Pahute Mesa showed

low nitrate contents (less than 0.05 mmoles/l); the data from wells in Yucca

Flat and Frenchman Flat showed higher nitrate contents (up to 0.2 mmoles/l).

A survey of 950 groundwater analyses around the United States showed that

two-thirds were in the 0- to 0.15-mmoles/l range (Feth 1966). This range

covers all the water from around Yucca Mountain except UE-29a#2. Based on

this comparison, the presence of nitrate in the water and the range of nitrate

concentrations observed at .Yucca Mountain are not unusual.

Data on fluoride contents are available for about half the water samples

reviewed here;,all of the samples from Yucca Mountain and vicinity included

fluoride data. The fluoride content of all the water samples taken together

did not seem to be strongly correlated with other compositional variables,

however there was a tendency for increasing fluoride content with increasing

sodium and carbonate contents and relative sodium content (Na/(Na+Ca+K)).

Considering only the data from Yucca Mountain and vicinity, there is a nearly

lineii-'rdlation between fluoride content and sodium and carbonate contents.

Figure 20(a)jshows a plot of fluoride content of water from Yucca Mountain and

vicinity as a function of sodium content and Fig. 20(b) shows fluoride content

as afunction of total carbonate content. *The wells `with high sodium and

carbonate contents also have high fluoride contents. 'The carbonate water from

UE-25p#l doesinot fit the fluoride-carbonate relation well (see Fig. 20(b)).

Ogard and Ker~isk (1984) also showed a tendency for F /(F +C1 ) to increase

with increasing Na/(Na+Ca+K) for water from Yucca Mountain. EQ3 calculations

of fluorite-logj 0(Q/K).for_56 water,samplesfrom.Yucca Mountain, NTS, and

vicinity gave values fr-om-,3 upto 0.5. Two wells'from Yucca Mountain and

vicinity (UE-25p#l carbonate water and USW H-4) were supersaturated with

respect tofluorite; otherssupersaturated waters were from Oasis Valley and

Pahute Mesa. Waters with-both phosphate fand fluoride concentrations reported

(Claassen'1973) were highly supersaturated with respect to fluorapatite.
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The.organiccontents of water from.two wells at Yucca Mountain and

,vicinity were reported by Means et al. (1982). No other organic analyses were

found for, water from Yucca Mountain, NTS, and-vicinity. The total, organic

carbon content of.Well J-13 water was 0.15 mg/I, and of UE-25b#l water was

0.55 mg/I., About 50% of the organic-content of J-.13j.water and 33% of the

organic content-of..UE-25b#l water-:were high molecular-weight organics

.(molecular weight greater than 1000). The organic content of J-13,water is

probablymore representative.ofconditions in.thejsaturated zonebecause it is

a producing,well and all drilling fluids-have been removed.by extensive

* pumping...At this time, there are not enough data on the.organic.contents of

.- water,-from Yucca Mountain and vicinity tojattemptto relate organic

concentrations.to.other compositional-or physical,.variables. ..The low levels

of organics maymake further investigation'unnecessary. . .

Particulate material, although in suspension rather than in solution, can

significantly affect concentrations of.dissolved material. The particulate

content-ofwater.from only one wellnear-Yucca.Mountain (Well J-13) has been

examined.. This well was chosen because*it has -been usedfor over,20 years and

the particulate material produced during drilling,should no longercontaminate

- the water.- Water from Well,J-13 was. pumped through fil ters during a.14-day

,test. Two.size fractions of solids were-collected, >0.4 pm,.and 5 nm to

0.4 lim. .Based. on the quantity of water, filtered and the mass of-sol-ids

collected,.the average.concentration of the larger,. size fraction was
... ~ I-5 -1 I. 

.approximately.3x10 g solids/l water; the smaller size fraction was estimated

to be present as approximately..6xlO17 g solids/i water. .Analysis of the

-cation content of the larger, size fraction showed.60,wt%,silIicon, .20 wt%'iron,

11 wtX calcium, and 4 wt% aluminum. The smallersizefractioncontained 44

wt% sodium,,42.wt%.silicon, 8 wt% calcium, and 4,,wt%iron.. Aside from the

iron,.these compositions could easily result from particulates of local

minerals.. The relatively large amount ofAron. in both groups mayresult from

particulate mater-ial from.the pumping and pipingsystem of.jthe well.. A more

complete.descriptionof.;this work,.along with a discussion of.the possible

iinfluence of particulate concentrations at-this level on radionuclide

.transport, is contained-in Appendix B of this,report. There are no other data

, i ,onparticulate concentrations in water from Yucca Mountain,.NTS,. and vicinity

. available for.comparison., , . . . .. 
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As expected, the temperature of water from wells at Yucca Mountain, NTS,

-- and vicinity tends to increase with increasing depth of the water sample. In

-addition to'this variation, the temperature of'water from wells at Yucca

Mountain and'vicinity is-correlated with PMC and total carbonate content of

the water (see Figs. 21(a) and 21(b)). Part of this relation is from water

s'ample depth. for 'exampie,'the carbonate water fromiUE-25p#l is the deepest

sample, has the lowest'PMC, and has the' highest temperature, water from

UE-29a#2 s- the' shallowest sample, has the highest PMC, and has the lowest

temperature. However, for the intermediate samples, water temperature is not

a function ofsample depth, well depth, or depth to the static water level.

Water from H-3 seems to have an anomalously low temperature (see figs. 21).

The trends of temperature with PMC and carbonate content seen in Figs. 21 are

similar to the trends of 813C, pH, and fluoride content seen in Figs. 15(b),

16(a), and'20(b). '

D.- Relations with Location or Depth -

- During a discussion ofthe-relative sodium content (Na/(Na+Ca+K)) of
, .. . , . , . D u ri.. . a d i . , .K ) .o f...................

water from Yucca Mountain and vicinity (Section VI(A)), a relation' between

relative sodium cntent and well location was mentioned. Figure 22 shows a

'-' map *of theYucca Mountain area with locations of wells near the Exploration

' Block shown;, associatid'with each well is aval'ue or range'of'value's of

Na/(Ni+Ca+K) for that well.' There is a definite east towest trend in this

variable.' Wells west of the Ghost Dance Fault'(USW H-3, H-5, and H-6) show

high relative sodiun'content, 0.94 to 0.98, compared to wells directly to the

east of thefault(USW G-4,'H-4, and UE-25b#l),'0.69 to 0.79. This trend of

low relative sodium content in the east and high' in the west also includes the

other Yucca Mountain wells. The high relative sodium content of water from

wells west of the Ghost Dance Fault is more a result of the low calcium

content of these waters that was noted 'in Section VI(A)'than from a high

sodium content'(see Fig. 23). The reasons for' the trends in calcium and

sodium content are not evident from these data alone.

''' Figure 24 showsa map of'the Yucca Mountain area in which the total

carbonate contents are noted. Wells to the southland west (USW H-3, H-4, and

H-6) tend to have higher carbonate contents than wells to the north and east.

This trend is' not as well defined as that noted above for relative sodium

content. In particular, the Ghost Dance Fault no longer represents a dividing

line for these data. Because of the relations beteen PMC and 6 13C and the
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Fig. 24. Total carbonate content as a functioniof location for wells
"near Yucca Mountain.

total carbonate content for wells at Yucca Mountain (see Figs. 14(b) and

15(b)), both PMC and 613C show trends with location that are similar to that

of total carbonate as seen-in Fig. 24. The fluoride content of waters from

Yucca Mountain also shows a trend with location that.is similar to the total

carbonate trend; that is, Wells USW H-3, H-4, and H-6 are high in fluoride

compared to other nearby wells to the northeast. The relation between
' fluoride content and total- crb'onate was discussed:in Section'VI(C) land shown

in Fig.'20(b). As withthe-trends .n cation concentrations noted above, the

I C .;'reasons for the trends in carbohate contentand associated variables -are

uncertan' at this time. . - -

> ' -Five wells it Yucca Mountain and vicinity have been pumped from two

p'acked-off intervals or from, one'interval -and the entire well bore (integral

sample). Compositional variables from these five wells were examined to look

for trends with depth. Table III lists the depth intervals sampled and the

values of four variables (6D, PMC, 613C, and total carbonate) at these
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TABLE III

VARIATION OF WATER PROPERTIES WITH DEPTH

Parameter
Depth
Interval
Sampled

(n)

Well
UE-25b#l
UE-25p#1
UE-29a#2 -
USW H-1
USW 1-6

Integrala
Sample
Yes
No
No
No
Yes

Shallow
* Interval

No
381-1197
87-213

572-687
608-646

Deep
Interval
863-875

1297-1805
247-354
687-1829
753-835

60
(0/|.)

UE-25b#l
UE-25p#l

, UE-29a#2
USW Ii-i
USW 11-6

-99.5 to -101

-106

-106
-93

-103
-107

-99. 5
-106
-93.5

-101
-105

PMC UE-25b#1
(M) UE-23p#1

UE-29a#2
USW H-i
USW H-6

613C UE-25b#1
* (1a*.) .' UE-25pl'

UE-29a#2
USW H-1
USW H-6

Total UE-25b#1
Carbonate UE-25p#1
(mmoles/l) :UE-29a#2'

USW H-1
'. ' > USW H-6

,aEntire well-bore pumped.

16.7

16.3

-10.4 to -10.7

-7.5

2.3-2.8

3.0

3.5
60.0
19.9
12.4

-4.2
-13.1

-7.1

4.6
1.8
1.9
3.8

18.9
2.3

62.3
23.9
10.0

-8.6
-2.3

-13.0
-11.4
-7.3

2.2
9.3
1.8
2.0
3.6

ntervals. The variation-of somesvariables (PMC, 613C, and total carbonate)

.-.for UE-25p#1.is understandable because the deepinterval sampled the carbonate

- aquifer and. the: shallow-interval sampled. a mixture of carbonate and tuffaceous

water (Craig and Robison 1984). However, there.,is no obvious trend n the

data for te other four wells', which sample the tuffaceous aquifer at all the

"intervals' sampled.. The -same conclusion holds for other compositional

variables not listed--In Table III.
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During a 28-day pumping test of the 863-875 m packed-off interval

(Bullfrog Member) of UE-25b#, -a-significant variti6n in a number of the

compositional variables was observed (Dani6ls et al-- 1983; Rundberg et al.

1985). -Dissolved oxygen and Eh increased and total iron manganesei and

nitrite decreased with time after the first few days; alkali6ity-also showed a

slight drop. Major cation concentrations weerelatively'constant. One

possible explanation for these results is that thewater-sampled'early in the

test is representative of the interval pumped but with-continued pumping.

water was being drawn from other vertical locations (Daniels etal. 1983). If

this is true, the significance of-pumping- packed-off intervals to investigate

variation'of water composition with depth at Yucca Mouh tain' is u-certain.

Similar pumping tests of two intervals from Well USW H-6, the 608--to 646-

* interval (Bullfrog Member) and the753--to835-m interval (Tram Unit), gave

water compositions that were essent ally constant with time and very similar

(Ogaidaand Vaniman 1985). - J l -

. Another'technique was used to sample Wells USW H-l and H-4 (Ogard and

Kerriik 1984). Water samples were taken from static holes after the

completion of pumping tests by lowering evacuated stainl'ess-steel-bottles to

selected depths.. ofsamples'were alreardy mentione'd in Section VI(A)during (These dment one inrSect
during the discussion of redox conditions.) TheUSH H-i samples were taken at

four depths, about a year after the pumping testwas completed.

Concentrations of some major species varied considerably from simple to sample

(factors of'2 to 4 for calcium, potassium, silicon, chloride, and sulfate);

the static-sample compositionsalso differed from the integra sample taken

during the pumping teston this well. There was no consistent variation in

the USW iH-l static samples with depth'. 'TheUSW H-4 static saiples were taken

at eight depths, about a week after completion6;of the pumping test.

Concentrations of the ajor species we're similar at all depths and generally

similar to the integral smple' taken duringT the pumpi ng test. The similarity

of all the USW H-4 compositions may result from mixing durngzpuipig that did

not have time to equilibrate with local formation`water in orne week. Ogard

and Kerrisk (1984) did not'interpret the staticsample compositions in terms

of the water chemistry; they recommended further static sampling'as a function

of- time after the completion of pumping tests-before-interpretation.

There are two reports of measurements of water compositions of near

surface water (within-a few meters of the surface) in-conjunEtion with
… w - w .. ~. ) . X 1 t , * .
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measurements at depth.- At Rainier Mesa, Benson (1976) measured compositions

of,two surface samples along with pore-water compositions at,130- to 530-m

depth.. Also at Rainier Mesa, Henne.(1982) measured surface water compositions

and fracture watercompositions from tunnel samples. Figure 25(a) shows a

ternary plot of the sodium-calcium-potassium composition of the water analyzed

by-Benson.(1976), separated into surface samples and two depth intervals.

Figure 25(b). shows a similar plot for the data of Henne (1982), separated into

,.surface samples-and samples at depth. In both cases there is a tendency

toward increasingrelative sodium content (Na/(Na+Ca+K)) with increasing

,,depth. This.is,also atendency toward increasing maturity of water in the

process of-glass and mineral dissolution and secondary mineral precipitation

(White et al. 1980; Kerrisk 1983; Claassen 1985). As noted in Section VI(A)

in the discussion of aqueous silica, the surface samples taken by Benson

(1976) and Henne (1982) also have about half the aqueous silica.content of

.waters at depth.. This bias also indicates that-dissolution continues with

increasing depth.. The two,surface samples analyzed by Benson (1976) had much

lower chloridejand sulfate.contents (0.05 to 0.08 mmoles/l) than the

- pore-water samples.and than.essentially all other waters reviewed in this

report;j.this trend-did not occur with.the surface samples of Henne (1982).

The total. carbonate. content and pH of the surface waters did not differ from

other tuffaceous waters.,...-

VII. ,,CONTROLS ON GROUNDWATER COMPOSITION

In the previous section, relations were presented among many of the

compositional.,variablesof water.from Yucca Mountain, NTS,,and vicinity.

These relations were primarily presented in the form of plots of one variable

as a function of. another.-.Very little effort was made in the previous section

to connect.the various,relations observed with each other or with physical or

chemical processes. This section describes a number of processes that appear

to control.water composition at Yucca Mountain and vicinity and relates these

processes to,.thevariations among compositional variables described in the

- previous section.

X A.. Control-of Cation Content, Aqueous Silica Content, and pH of Tuffaceous

Water . , ,.

The primary cations in.,tuffaceous water at Yucca Mountain and vicinity

are sodium, calciuni, potassium, and magnesium. A number of studies in nearby
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and similar systems have led to the general conclusion that glass and mineral

dissolution, accompanied by secondary mineral precapitation, provides the

primary control on cation composition of tuffaceous water (Hoover 1968;

Winograd and- Thordarson 1975; Claassen and White 1979; White et al. 1980;

Moncure et al. 1981; Kerrisk 1983; Claassen 1985). The dissolution process

represents an exchange of H+ from the water for cations in the solid, as well

as a breakup of thesilicate structure of the solid. The reaction-path

calculations reported by Kerrisk (1983) indicate that early in the dissolution

process, dissolution rates control the relative concentrations of sodium,

calcium, potassium, and magnesium. As dissolution proceeds, calcium,

potassium, and magnesium are incorporated into various secondary mineral

precipitates such as zeolites and clays, thus decreasing their

concentrations. The presence of these secondary minerals at Yucca Mountain

(Bish and Vaniman 1985; Broxton et al. 1986) gives additional evidence that

this process has been active. The net result of the dissolution and

precipitation processes is an increase in relative sodium content

(Na/(Na+Ca+K)) of the water as well as an increase in pH. The variation of pH

with relative sodium. content of water from Yucca Mountain and vicinity (see

Fig. 5) is consistent with this process. Concentrations of calcium may also

be limited by calcite solubility in the high-pH water in the western part of

Yucca Mountain (see Fig. 10) and may be influenced by other supplies of

calcium in the eastern part (see below). Water-composition data show that

aqueous silica concentrations are near saturation with respect to

cristobalite. Reaction-path calculations indicate that these high

aqueous-silica activities are necessary for the stability of the zeolites

found at Yucca Mountain (Kerrisk 1983).

Surface samples of water taken at Rainier Mesa demonstrate that this

dissolution process starts at the surface. However, the tendency of the

surface waters to have higher relative calcium contents Ca/(Na+Ca+K)) and

lower aqueous silica contents than water at depth (see Figs. 25) suggests that

this process is continuing as water moves down through the unsaturated zone.

The moderate cation concentrations of water from the saturated zone of the

tuffaceous aquifer at Yucca Mountain (see Figs. 2 and 3) indicate that

evaporation is not an important process for controlling concentrations. Ogard

and Kerrisk (1984) have proposed that the pH of water in the tuffaceous
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:- aquifer at Yucca Mountain is buffered by aqueous carbonate and the minerals

-present. -

<'There s an east to west .variation in Na/.(Na+Ca+K)'of.-tuffaceous-aquifer

water'at Yucca Mountain (see Fig. 22),that.is primarily caused byihigher

'calciumcontent waters in the'east tha'n n the west.' There is an opposite

trend n total carbonate content;:1it s hi gher in the'southwest.than in the

- 'east (see Fig: 24). .These two trends combine to -result in water 'in- the

eastern'part of.Yucca Mountain (for 'example, Wells J-12, J-13,- UE-25b#l,

' UE-25c#l, UE-25c#2, and UE-25c#3)'.with higher.calcium and lower carbonate

-"'contents 'than' water in the west (for -example,. USW H-3 and H-6).: The:variation

* '; intcalcium content of Yucca Mountain water coincides with the east-west

variation in calcium content 'of zeolites' at Yucca Mountain.described by

Broxton-et al. (1986). They state that the var iation in calcium -content of

-- zeolites probably developed during-initial stages of zeolite formation (11 to

?'14 'milloni-years ago)-and that' the enrichment of calciumrin the 'eastern

zeolites'may have been caused by 'wat'er;from-the -carbonate aquifer. mixing with

*:tuffaceous water- n that area. Based o'n a discussionof the carbonate content

I 'of'water'from Yucca Mountain'(see section.VII(B).below); mixingof tuffaceous-

-':and carbonate-aquifer wate'rs does not appear .to'be occurring in .water recently

sampled. 'Thus,- carbonate aq'uifer; water is.,not causing-the higher calcium

content 'of tuffaceous-aquifer water presently-found in the'ea'sternpart of

Yuca Mountain. However, the:'eastern zeolites provide:a source of calcium and

zthat 'source'is-independent of c'arbonate; thus, it Is possible tohave the

eastern water higher-in calcium but'lower;in total-carbonate'than water in the

west if calcium ls:supplied to wter,'presently-in -the eastern'part of Yucca

* -''' Mountain by cation'exchange :with-the high calcium ontent zeolites.. This.

mechanism provides an example of'mineral compos'itions established in.the past

'-that influence pre'sent-day water' composltions'. i- !' -

B." 'Control of Carbonate Content :of 'Tuffaceous Water: ' -1 i ;

Carbonate in water in the tuffaceous aquifer Cis normal-ly considered to

:- -'''ome' from's6il-zone'c'arbon'dioxide '(Claassen 1985, White-and-Chuma 1986).

;'' This`thypothesis :is' generilly consistent with calculated carbon-dioxide

;'-p'ressures of'tuffaceous waterfromYucca Mountain-and 'vicinity, (see.'

Fig.A'8(b)),'and ' wlth'measured carbon-'dioxide pressures in' the1gas!phase of

the' unsaturated zone at Yucca Mountain (Yang et al. 1985). There' s however,

a ' 'rnge of'carbonate'contents in'the 'tuffaceous waters at Yucca'Mountain (1.8
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to 4.5 mmoles/l) that is.larger than one might expect if passage through the

soil zone early in the recharge cycle is the only source. There are also

; relations between:carbonate content and.a number of other compositional

: variables that point toward a more complex picture (see Figs. 2(b), 3(b), 7,

* 9, 12(a), 14(b), 15(b), 18(b), 19(b), 20(b), and 21(b)). In particular,

tuffaceous-aquifer waters with higher carbonate contents tend to have' higher

pH (Fig. 7),lower carbon-dioxide pressures because of the shift in 'carbonate

* equilibria-with'pH (Fig. 9), and lower calcium contents.(Fig. 3(b)).-; There

are -two sources of. carbonate available to these:waters: carbon dioxide (from

the atmosphere, soil zone,: or unsaturated-zone gas phase) and.the carbonate

aquifer. Some of -the aqueous carbonate. undoubtedly comes from carbon dioxide

. in the atmosphere-.and.the soil zone as precipitation is recharged into the

groundwater system..-.The relations between carbonate content and other

compositional variables point to carbon dioxide as a more likely source of.the

additional-carbonate tn some waters at Yucca Mountain for three reasons.

* '.> First, aspHincreases;-the equilibrium carbon-dioxide pressure drops,

creatinga drivingforce for dissolution of carbon dioxide- fromthe gas

phase. Second, carbonate.in water from.the carbonate aquifer would bring

along. calcium,.which- s.quitelow in concentration in the higher carbonate

*: waters and in minerals in the westernpart of.Yucca Mountain (Broxton et al.

: 1986), where-the.'higher-carbonate waters are generally. located.. Third, t is

unlikely that mixing low-pH water from the carbonate-aquifer (UE-25p#I

carbonate water) with dilute, ntermediate-pH- water from the tuffaceous

aquifer is-the.cause of- high-pH water n the tuffaceous aquifer. The

conclusion that gaseous carbon dioxide is the source of additional aqueous

.carbonate at Yucca Mountain wells does not necessarily extend to other waters

- examined in this report... In particular, there-are tuffaceous-aquifer.wells at

Pahute Mesa (UE-19c and UE-19d) with high total. carbonate, intermediate pH,

and moderate to high calcium content that could result from mixing of.

-tuffaceous-and carbonate waters.

The.reasoningo~the previous paragraph relates an increase in carbonate

Content to an increase in pH of the water., As discussed above in.Section

VII(A),-and;indicated in Fig. 5, the higher pH waters from the tuffaceous

_1: aquifer at Yucca Mountain.tend:to have. higher relative sodium content

(Na/(Na+Ca+K))., consistent -with the process of glass.and mineral dissolution

and~precipitation of-secondary minerals as the.cause.(Claassen 1985; Kerrisk
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1983). This combination of glass ad mineiral dissolution, increasing water

pH, and carbon-dioxide dissolution can be considered as mineraliissolution in

.a~system that is open with respect to carbon dioxide. Mass transfer probably

limits carbon-dioxide contents of deeper parts of the saturated zone, so that

the entire saturated zone may only be partially open with respect to carbon

dioxide. This may be the reason that calculated'carbon-dioxide pressures of

saturated zone water do not approach a irit with increasi'ng'pH (see'

Fig. 8(b)). Claassen (1985) mentions that'mineral dissolution'in a system

that is open with respect to carbon dioxide is a ikely process in"'surface or

shallow saturated-zone conditions;i However, at Yucca Mountain.' most of the

tuffaceous-aquifer wells have deep unsaturated zones (300 to 700 m). Although

gaseous carbon dioxide has been observed in the deep'Onsaturated zone at Yucca

Mountain (Yang et al. 1985), it is surprising that it could act as a source of

aqueous carbonate. 'I

Some additional information about thi's process can be obtained from the

jsotopic carbon data of Yucca Mountain waters (see Figs. 14(b) and 15(b)). In

the Section VI(B) discussion of the variation of both 4C (measured as

percentage modern carbon, PMO and 13C (measured as 13C contents of Yucca

Mountain water with total carbonate content the' possibility wa's mentioned
.... .:i,:;.: - ,.- obsre - - -, . b.it ;: nioe

that the observed variation could result from mixing tuffaceous and carbonate
-pi i I..-!..-a

waters. This process was proposed because of the'continuity of the tuffaceous

.and carbonate data seen in Figs. 14(b) and 15(b). However, based on 'the model

described above of glass and mineral dissolution in a system open or partially

open to carbon dioxide, mixing of carbonate and uffaceous'waters is not

considered likiely at Yucca Mountain. In an attem'pt to see if the model of

carbon-dioxide addition to saturated-zon' water could expla'in te'variation of

PMC and 6 C with total carbonate content, a simplified carbon-balance model

was de ped The model is based on he 'assumption that an 'initial charge of

carbonate (probably from the soil zone) is present in the water" and that

carbonate from another source (carbon dioxide 'n 'the' 'as phase- of the

unsaturated zone) is added at some rate as time progresses. The riate of

change of the isotope (14C or 13C) content of 'the water is'the' sum'of three

components, (1) addition with the added crbonate, (2) additiori'or loss by

isotopic exchange between the water'and the carbon-dioxide scource, and (3)

loss by radioactive decay (for C only).' If x 'is th`e isotope concentration
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(PMC for 14C, or 613C for 13) in the water and C is the total carbonate

content of the water at time t, then

d(xC)/dt xddt) - y(x-xs) - xC, (2)

where is the isotope'concentration of the carbon-dioxide source (assumed

constant), X is the radioactive decay constant ( 1.24x10 4 /yr for 14C and 0

for 1k), and y is a constant relating the rate of isotopic exchange to the

concentration difference between the water and the carbon-dioxide source. By

expanding the derivative on the left, Eq. (2) can be rewritten as

dx/dt . -(l/C)Ey + (dC/dt)](x-x ) - . (3)
s.

In Eqs. (2) and (3), the quantity (dC/dt) represents the addition rate of

carbonate to the water, and C is related to t by

t
C .C +.So (dCldT)d', (4)

where Co is the initial carbonate content of the water (t - 0). Equation (3)

is a linear, first-order differential equation with nonconstant coefficients.

An initial condition, specifying the initial isotope concentration (x - x at

t 0), is required in addition to the initial condition on total carbonate

content.

The rate of addition of carbonate to the water that is needed to solve Eq.

(3) should be a function of the difference between the gas-phase

carbon-dioxide pressure and the equilibrium carbon-dioxide pressure over the

water. No attempt was made to model this aspect of the process; instead,

isotope concentrations calculated using a variety of different carbonate
8 . } - ~~~~~~~~~~~~~~~~13

addition rates were compared with the observed variation of'PMC or C with

carbonate content. Even for the simplest case considered, dC/dt constant, a

closed form solution to Eq. (3) was not found; the results discussed here were

obtained from a numerical solution. Initial attempts to use a constant

carbonate addition rate gave poor agreement between calculated and observed

PMC values at Yucca Mountain; the calculated results did not drop as steeply

as the observations at low, carbonate content (see Fig. 14(b)). It was found
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that a carbonate addition rate that increased with time gave much better

results. For calculational purposes, a carbonate addition rate of

-dCldt'- ae(Bt)

was used, where a and are positive-constants. With this form, Eq (4) gives

C - C6'+ (c/B)(e(1 t) - 1]. (5)

For the C data, reasonable comparisons between calculated and observed PMC

values could be obtained with (y > 0) or without (y = 0) isotopic exchange.

However, for the C data, calculated results without isotopic exchange did

not compare well with all the observations. Figures 26 and 27 show plots of

1 PMC and 613C as a function of total carbonate for water from Yucca Mountain

and vicinity; the data points plotted are the same as those in Figs. 14(b) and

15(b) and the lines represent calculated results from this model. Table IV

li5sts the values of the parameter s~sed toobtain the calculated results in

thesefigures. The same definition of the carbonate addition rate (values of

et and-a ) andinitial carbonate content (C0) were used'for all the

calculations. The model fits the shape of the PMC variation with carbonate

.content (Fig. 26) reasonably well. Acceptable values for xs (the PMC value of

the carbon dioxide in the gas phase of the unsaturated zone) decrease from-

~about 75% to about 40% as isotopic exchange increases (y increases). Yang et

al. (1985) observed values of PMC of 60 to 80% for carbon-dioxide in the gas

phase of the unsaturated zone at 20- to-150-m depth in Yucca Mountain. Above

depth the effects of modern C were seen (PMC-> 100%), and below 150-m

depth there was more scatter, the data ranging from 50 to 100% PMC. Attempts

to use very low values of x5 (such as'might result-from the carbonate aquifer

:being the source of carbon) did not'produce a good comparison between the

model and the data.

The relation between the model and the variation of 613C of Yucca Mountain

water with carbonate content is not as clear (see Fig. 27). A group of wells
_ .. ,- _ . 13

with C of about--71/, (-13, UE-25c#1, UE-25c#2 USW H-4, and H-6) span a

range of carbonate contents-from about 2 to 4 mmoles/l. A constant 613C with

increasing carbonate content could be accommodated 'bY the model if x0 = Xs

-7° /e (a value of of -71/." would correspond to 6 C of about -14 to
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------ :' ; ,- ^ ;! , ,-JTABLE IV 

CARBON MODEL PARAMETERS USED IN FIGURES 26 AND 27
. ' .,, X - + -s r - ;.8* - -

-.Figure 26- Fiqure 27
Constant Solid Curve Dashed Curve Solid Curve Dashed Curve

%,CO (mmoles/l) 1.65 ,,1.65- , .65 - ,1.65

'a'(nmmoes/hyr) 3.0 xrlO- - 3.0 x 10-5' '''3.0 x 10-5 '' 3.0'x 10-5

B (l/yr) 2.5 x 10-5 2.5 x 10-5 2.5 x 10-5 2.5 x 10-5
- a i sv . . ... . i . . * '.; 4 i ...............x 1 7 1 u 10-4

y (mmoles/.yr) 00, ' j.-.-. 1.0 X 10 i ,0.0g ' 1.0 X 10-4

" ' l'/yr) -' 1.24 x 04 tl24 x 10-4'' 0.0 '0.0'

XS. 75.0% , 40.0% -4.0 -4i.o /e 

;, , uxO , - 100.0% . 100.0% ; -13.O°/ -- 1 5.01/oo

:r,;-+ -15'/.-for the carbon dioxide-in-the-gas phase because-of fractionation

; ,between-the-aqueous,(pH 7 to-8):and gas phases).. However,-data from other

< ,.y>-,wells are notconsistent with ithisassumption..-Thecurves--in Fig. 27 show how

'-- l3C of the water would,vary-fro a relatively negative-value as carbonate

with6,63C - -4J/..-(corresponding to carbon dioxide withV% ofabout -11 to

,, , -- 12/).is added. Withoutrisotopc-exchange,,the model does not fit the data

-'-.well;, the,Inclusion-of isotopic,.exchange1is-needed to,get a steeprise in 613C

at-l.ow carbonateicontents. ,-,Yang et- al. (1985),observed 613C values for carbon

- dioxide in the gasphaseof theiunsaturatedlzonerat-Yucca-Mountain of -10 to

--18 I..)below-about 60-m depth. The-choicerofxs;for ),C isconsistent with

, ,y these observations.t-- . . ,. - , .

-,Thischoiceof paraeters nFig.-26 (particularly.and 3B)results in a

':''.".t ;time of-approximately 49,000,yr to achieve>.5 -mmoles/l. totaV carbonate

content and 11% PMC,*which are-;characteristicof USW H-3,. The apparent age of

.;H-3,waterbasedjon the-measured, PMCof 10.5%-is 18,10O.yr.. The model requires

0,000 yrto achieve 2.0jmmoles/l -totaljcarbonateiand 30% PMC, which are

-characteristic of J-13;-the-apparent age of1 J-13-water based on,the measured

- .- PMCtof-29.2% is 9,900 yr.- ,The netresult-of-this model is that-for water with

less than about 2 mmoles/l total carbonate, the age of the water is

essentially the apparent age. However, as the carbonate content rises above 2
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mmoles/l, the apparent age underestimates the true age. The continual

addition of younger carbon-to the water means that as the carbonate content

increases, larger corrections are required to the apparent age. This

situation contrasts with what would exist-if the variation of PMC with

carbonate content was caused by the addition of carbonate water or old carbon

dioxide (PMC =-0%) to the tuffaceous water; the..apparent age of the mixture

would then'overestimate'the true age.

The variation of SD with PMC and total carbonate content of water from

Yucca Mountainand vicinity was shown in Figs. 18. Claassen (1985)

interpreted a similar variation of SD with apparent age for water from the

Amargosa Desert and Fortymile Wash to indicate that older water (apparent age,

about 15,000 yr) precipitated under colder conditions (see Section VI(B)).

The carbonate model proposed here predicts that the true ages of water with

higher carbonate contents would be older than their apparent ages. Figure

28(a) shows a plot of SD as a function of apparent age for water from Yucca

Mountain and'4icinity. This plot uses the data plotted in Fig. 18(a) with

apparent age calculated from Eq. (1); the data from UE-25p#l were not included

> R because carbonate derivedwfrom;Paleozoic carbon'would require corrections to

-be cornparabl'e-to carb6natd in tuffaceous waters.' Figure 28(b) shows the same
''- data plottedas unction of r where the-carbon-model age

-was calculated from thetotal carbonate content using Eq,(5) and the values

i ' of fi and-3'shownln-Table 'IV. In Fig: 28(a), 'the data bunch'up in the 15,000-

to 20,000-yr 'apparent age 'range, in-Fig.'28(b)', this range of'apparent ages is

spread out over 20',000- to 50,000-yr'carbon-model age. Assuming the relation

-'; 'of 6D with precipitation temperature, the application of the carbon model to

' theYucca-Mountain'carbonate data indicates'that colder temperatures (lower

values of-6D)'existed' 20,O0Oto 50,000 yr ago.' Spaulding (1985) estimated

that colder average-annual temperatures existed in'the vicinity of NTS from

--''18,000'to 38'000 yr ago, wth'somewhat warmer temperatures (still below modern

temperatures);'from 38,000'to 45,000 yr'ago. Thus, the carbon model proposed

'hereis generally consistent with those estimates.

'l s The resultsof applying the carbon model 'to-Yucca Mountain data should

-probably nt be interpreted quantitatively. The parameters in Table IV were

- chosen to show that'the model was generally consistent with the variation of

PMC and 613C with'total'carbonate content and 'with the'proposal that colder

.; -1 , . --
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temperatures-were-the cause of the variation of SD with PMC. Even though the

carbon-model ages may not be quantitatively accurate, the concept that water

with higher total carbonate contents (for example, USW H-3, H-4. and H-6) may

be older than the apparent age of the water is quite plausible. Claassen

,(985) observed that groundwaters with apparent ages older than about 17,000

;yr were not present in the tuffaceous aquifers of the Amargosa Desert area he

studied. Apparent ages of water from the tuffaceou's aquifer at Yucca Mountain

are-also less than about 20,000 yr (see Fig. 28(a)). Claassen's preferred

explanation for this observation was that snowfall earlier than about 20,000

yr ago was insufficient to result in recharge (Cl'aassen 1985; Spaulding

1985). The discussion of aqueous carbonate in water from the tuffaceous

aquifer at Yucca Mountain and vicinity that was presented here provides an

alternate explanation for this observation. That explanation is that the

apparent age of Yucca Mountain water with more than about 2 mmoles/l total

carbonate'tends tunderestimate the true age.- Thus, the model predicts that

water older than 20,000 yr is present at Yucca Mountain, but corrections are

requred to the apparent age.

C. Control of-Chloride and Sulfate Content of Tuffaceous Water

Precipitation is usually considered a primary source of chloride and

!sulfate in the water around Yucca Mountain, NTSI and vicinity. Under some

conditions both chloride and sulfate are considered as conservative species,

that is, having no-sources or sinks in the groundwater system (Claassen

,1985). In other'situations, a source of sulfate has been proposed for some

waters. Winograd and Thordarson (1975) proposed dissolution of gypsum in the

basal strata of Tertiary rocks as a source for the lower carbonate aquifer and

some particular wells. White (1979) proposed a hydrothermal source of

sulfate in Oasis Valley. Young (1972) also proposed hydrothermal alteration

'as the source of high sulfate concentrations in water from one well in eastern

Jackass Flats, near the Calico Hills. Most of the tuffaceous waters at Yucca

Mountain and vicinity discussed in Section VI(A) have low chloride (0.16 to

0.31. mmoles/l) and sulfate (0.17 to,0.32,mmoles/1) concentrations (see Figs

11, 12, and 13). One well near Yucca Mountain, USH VH-1 in Crater 'Flat, has

somewhat higher sulfate content (0.45 mmoles/l) than the other tuffaceous

wiaters and' may indicate a minor, local source of sulfate in Crater Flat.

Compared to other areas such as Oasis Valley, evaporation does not appear to

be important in' the saturated zone of the tuffaceous aquifer at Yucca Mountain.
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Both chlorine and sulfur 'are presehtt in rocks at-Yucca'Mountain. Warren

'an Br'roxton (1986) have measure'd the 'chlori'ne content of -a large number of

core samples'from NTS;-an average chlor'ine con'tent is abbut 500 ppm. They
also observed that zeolitized tuff has'little or no'chlorine left. Vaniman

(1986) has reported'the'sulfur contentofTopopah Spring and'Calico Hills tuff

from-drili hole USW G-4; values'range 'fr'om 46 to 137 ppm sulfur.- Thus, the

'tuff may also represent-a' source of chl'oT''de' and sulfate for water in the

saturated zonekW The'sulfur/ch'lorine molar ra'tio of the tuff source is only

about one-tenth the sulfate/chloride ratio in the water; for this':reason, the

tuff isprobably only'a minor source of these species at most.

Figure 2(ta) showed an nea'rly lInearrelation between sulfate' and total

'carbonate contents of water from Yucca Mountin and vicinity;!chloride did not

'-show a similar'relatlbn (see Fig. 12(b)). The 'arbon model described above

(Section VII(B)) pr'oposed gaseous carbon' dioxide as' the *source'of 'additonal

cabonate in this water.' A sourceof sulfate added iith''the,'carbon dioxide

does not seem likely. Other variables that may le'ad to'this relationship are

the higher pH andolder age of water with added carbonate.: 'A physical or

chemical'process that'esult's in' this relitio'nship has not''been identified at

this'-time. '' ' ' ;

Based on the chloride and sulfatecontents' of's'aturated-zone water 'around

-`:.Yucca Mountain, thereseeims no need 6f'sourc's -of "thise; species other than

precipitation. The diffe'rence between 'the'average sulfate/chlori'de molar

Wrato' of 0.82 forTall the waters'reviewed 'here (see_Fig.13(a))' 'and the ratio

'-for moder precipitation of-1.65 (Cl'aas'sen'il985)'may 4be 'that 'modern

precip'itation c'brtaifs' higher concentra'tions'*'f sulfatea'nd nitrate because of

fossil fuel burning (Mayewski et-al>1Tl986).' ; ' ''- i

D.-' Control-of the Redox State of -the 'Water 'i' vt * ';

'i'--'i''Meastrem'ients'6f'the re-dox sta'te 'of watef re available only for

sa plesfi-om Yucca'Mountain andthese data present asomewhat confusing

'p:'ture.'Most mea'sumenits 'indicate oxidizing conditions. 'However,

''measureme'nts on 'some samp'le's piumpped fro'm packed-off zones or taken from static

well'ssh6w reduci ng coditiois. -'This'situation'nray'l66a sign of-reducing

conditins i'n deep' sairaited-zone water 'wiihoxidizing'conditions near the

static'wiater level whereinteracti'r with oxygen in the'unsaturated-zone gas

phase-is possible; vertical mixirng during pumping may'disturb'this'condition.
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There is little information available about what reactions might

contribute to reducingconditions in the deep saturated zone. Ogard and

* Kerrsk (1984) proposed that reducing conditions in-the water were produced by

reactions with organicmatteras the water recharged through the soil zone.

They further proposed that conditions in the past were suitable for these

reactions;to.occur, but present conditions are not. Caporuscio and Vaniman

-, .,(1985) have reported-thatj.ron is present in reduced form in rocks at Yucca

.Mountain, but that it appears to be generally inaccessible to the water.

,*, Thus, theiron is probably not a factor in controlling the redox state of the

water.

It.would be difficult to.prove.with the present data base that.reducing

conditions.exist.in deep saturated-zone water at-Yucca Mountain. Regardless

of-the state of the deep saturated zone, water at the.static.water level

.appears to.be-oxidizing. Pore.water-or fracture water in:the unsaturated zone

-:will probably also be.oxidizing. Thus, oxidizing.conditions..will be present

in- water over a significant portion of the transport path of radionuclides

-. from the repository. . . ,. ..

E. - Control of. Other Compositional-Variables of Tuffaceous-Water

Three-other-compositional variables discussed in-SectionVI(C),showed

relations that may indicate controls, on these variables. They are nitrate,

fluoride,.and water-temperature. .

The nitrate contentofwater from Yucca Mountain and. vicinity decreases

...with decreasing PMC -(increasing-age) as,.seen in.Fig. 19(a). The soil zone or

-; precipitation are.the most likely sources of nitratein water recharged to the

,saturated.zone., Thereareno aqueous-solid reactions thatiwould provide a

sink for nitrate in these waters. However, the reduction of:nitrate in the

saturated zone represents a possiblesink. Some evidence for reducing

conditions in water below the static water level at Yucca Mountain and for the

variation of nitrate content with redox conditions in, Well UE-25b#l was given

-inSection VI(A). Although no proof is available, reduction of nitrate

represents a plausible mechanism for.decreasing nitrate content, with age.

- Figures.20 showed a tendencyforfluoride content to increase with

i:,increasing sodium and carbonate content of water from Yucca Mountain and

I: .vicinity,,(see:Secticn VI(C)). The fluoride content of these waters also

showed aconsistent.variation with location.similar to the total carbonate

variation represented in Fig. 24 (see Section VI(D)). The.log1O(Q/K) for
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fluorite ranged from -1.9 (undersaturated) to'0.04 (ust aboe saturation) for

water from the tuffaceous aquifer; mostwaters had og10(Q/K) of'-0.6 or

less. Fluorite has occasionally been'observed fn fractures-atYucca Mountain

(Bish and Vaniman 1985)', but not to the extent that it'would-represent a

general mineralogical control on fluoride concentrations. Afew analyses of

the fluorine content of glass from NTS have been done; results range from 0 to

0.26 wt% fluorine with an average of 0.19 wt% (Warren and-Broxtoni'1986).

Compared with the 500 ppm chlorin'e content discussed bove'(Section VII(C)),

there is cnsiderably-more fluorine than chlorine In the tuff (the'

fluorine/chlorine molar ratid is abouit 7). Thus, the'tuffmay act as a source

of fluoride for the water. Th increase of fluoride with icieasing sodium

and carbonate contents as weill as Na/(Na+Ca+K) may be-an indication that as

glass dissolution and mineral precipitation-reactions proceed, fluorine is

also released to the water.

The temperature of water from Yucca Mountain and vicinity ten6ded to

increase with decreasing PMC (increasing age) and with ncreasing total

carbonate content (see Figs. 21). The temperature of Well USH H-3 water did

not fit this relationship. Thereiappears to be some reation other than just

depth that influences water. temperature; however it has'not been identified

at this time. F -

F. Controls on Unsaturated-Zone 'Water Composition ' I

The only data on unsaturated-zone water compositions come from the work

of Benson (1976) at Rainier Mesa. This water showed one unusual compositional

feature, the chloride'and sulfate contents were high relative to the total

carbonate content (see Figs. 11). This led to iowre calculated carbon-dioxide

equilibrium pressures than most other waters in the same pH range (see Fig.

8(a)). The major cation composition w ssim iar to other waters reviewed (see

Fig. 4(a)). There were no 4C, 3C l8O o rdeuterium contents available for

these water samples;thislimits thepossible comparisons that canbe made.

The composition of the gas phase of ihe unsaturated zone at Yucca Mountain has

also been measured. The overall chemical composition is similar'to air (Yang

1986). Below the soil zone (top 20 to 30 m), carbon-dioxide pressures of
3

-10 atm or less were measured (Yang et al. 1985). -

For this discussion, the primary difference between processes that are

important in the unsaturated and saturated zones s the presence of the gas

phase in the unsaturated zone. Pore water in the unsaturated zone can react
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with the rock or the gas-phase constituents and should present a relatively

large surface area to both phases. The presence of the gas phase allows

evaporation to occur more.readily in the unsaturated zone, and the large

gas-aqueous surface area means higher mass-transfer rates and closer approach

to gas-aqueous equilibrium. Evaporation of pore water could be the mechanism

* . for increasing chloride and.sulfate concentrations. Also, carbon-dioxide

q equilibriumpressures in pore water should be closer to the gas phase

carbon-dioxide pressure. The calculated carbon-dioxide equilibrium pressures

ofRainier Mesa pore water (see Fig. 8(a)) are consistent with the

carbon-dioxide.pressures observed in the gas phase at Yucca Mountain. The pH

of Rainier Mesa pore, water is.generally in the 7 to 8 range. The.calcium

content of this water is higher than most of the tuffaceous waters at Yucca

Mountain, but consistent with other tuffaceous water such as in the Amargosa

Desert (see Fig. 4(a)). The aqueous silica content is also similar to other

tuffaceous waters. Thus.the pore water is probably undergoing the same glass

..andmineral.dissolution and precipitation reactions as saturated-zone water in

the tuffaceous aquifer. The extent of these reactions may be influenced by

increased.concentrations from evaporation.

Thetrends.in unsaturated-zone compositions seen at Rainier Mesa may be

the result of glass and mineral dissolution and precipitation reactions that

are similar to those discussed.for the saturated zone, accompanied by

evaporation in a;system that is open with respect to carbon dioxide. At

present,. this hypothesis is rather speculative. More compositional data, in

particular some isotopic data, are needed to establish what processes control

-unsaturated-zone water compositions.

VIII. IMPLICATIONS FOR RADIONUCLIDE TRANSPORT

.;. One of the primary reasons for studying water chemistry at Yucca Mountain

and vicinity is. to.provide.information for calculations of radionuclide

transport. Water chemistry can influence waste.element solubility.

speciation, and.,sorption, and through these processes, the rates at which

waste elements are transported away from the repository. Water chemistry can

also affect the stability.and composition of minerals. This section discusses

some mplications of the water chemistry for solubility, speciation, and
mineral stability.
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The relative concentrations ofrmajor cations,(sodium, calcium,-and

potassium) n water from the tuffaceous aquifer at Yucca;Mountain and vicinity

.vary over arange of relativesodium and calcium contentsiat.nearly constant

;ltrelative potassium content (see Fig.,4(b)), -with higher relative sodium

content in the.west.than in the east (see Fig. 22). Broxton et al..(1986) see

related-variations-.in the sodium and calcium contents of..zeolites. Sorption

of-someiwaste elements on zeolitesis byion-exchange, ingwhich the

waste-element cation replaces an-existing cation.(such.as sodium,;.calcium or

.,potassium) n ,the zeolite.. At.this time, no-variations in zeolite.sorptive

behavior'(measured values of the sorption coefficient):have been related to

,,variations in.cation contents of the zeolites (Daniels etial..1982;,Ogard and

.- Vaniman 1985);-a-relation of-this- nature-may.be-difficult to demonstrate

because-of the.precisionof thedata.,.Solubilities-of some waste-elements may

be affected to a minor extent by,changes in cation content of-the water if the

solid-controlling solubilitycontains one-of,,the cations;:.an example of this

is neptunium,,.whereNa3NpO 2(CO3)2 nH20 was identified as.the.solid -that

:;precipitated from neptunium.solutions ,in.Well-J-13 water.(Nitsche and

'Edelstein 1985). -The range of-major cation concentrations observedat Yucca

Mountain and vicinity should notsignificantly affect solubility-or sorption

of waste-elements; however, these effects are being examined by-sorption and

solubility,.experiments-,using various water compositions (Ogard~and Vaniman

, -985; Kerrisk 1985);, . - - -

The process of glass and mineral dissolution in.a system open or

partially:open with,-respect to carbon dioxide was.proposed as an explanation

for the variation in carbonate content oftuffaceous waters seen-at Yucca

Mountain.- Based onthis model>.carbonate.contents of saturated zone waters

. couldvary, depending onthe-extent-of-.dissolution orjage of, the water.

- Because carbonate forms complexes and solids with some important waste

elements-,such as americium,uranium,,and neptunium,(Ogard and Kerrisk 1984;

Nitsche and Edelstein 1985),-this variation may have significant effects.

:Solubility-and sorption experiments using water, compositions- that cover a

,range of-carbonateconcentrations are being done by the.NNWSI Project (Ogard

-and Vaniman-1985;;Kerrisk 1985)., -, , -

. The chloride and sulfatecontents-of-saturated-zone tuffaceous waters

from Yucca Mountain-and vicinityare relatively low compared to most other

waters in this area (see Fig. 11(b)). Although chloride does not form strong
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complexes with waste elements, sulfate does form complexes and solids that may

affect speciation, sorption', or solubility (gard and Kerrisk 1984).

Unsaturated-zone pore'water from Rainier Mesa showed high chloride and sulfate

content relative 'to the"carbonate content of-the water (see Fig. 11(a)). If

this condition also-occurs atYucca'Mountain, the effects of varying sulfate

content on solubility, sorption, or speciation may have to be investigated.

The fluoride content'of water from Yucca Mountain and vicinity varies

over a relatively'wide range (see Figs. 20), but fluoride is still a minor

anion. Some waste elements form complexes with'fluoride (Ogard and Kerrisk

1984), so that solubility'and sorption'experiments should also give

consideration to this-variation. The nitrate content-also varies over a

relatively ide ringe (see' Figs. 19). However;nitrate does not readily form

complexes or sol'ids,'so'that'variations'of the nitrate-content are not

important for'solubilty or sorption. ' '

The pH-of water from'the tuffaceous aquifer at Yucca Mountain and

vicinity falls in the'range-of.7 to.9.2, with most'samples in the 7 to 8

range-. Both the carbonate content of the'water'and the local minerals buffer

pH-(Ogard and'Kerrisk'1984).' Variations in pH over thisrange can have a

significant effect on solublity and speciation of some waste elements (Allard

1982; Apps et-a171983)'. Solubility-and sorption experiments using water

compositions that'cover'a range of"pH are being'done by the-NNWSI Project

(Ogard and Vaniman 1985; Kerrisk 1985). Although there are some indications

'that-water'in deep regions'of the saturated zone at Yucca Mountain may be

reducing, this situation'; which-'would lead to lower solubilities of many waste

elements, could be difficult to prove. 'Water in'the-unsaturated zone and near

the static water level is probably oxidizing. Solubility and sorption

experiments in the NNWSI Project are being done under oxidizing conditions.

Except for a'fewtsamples of water taken near theground surface, aqueous

silica contents of water from Yucca Mountain,'NTS, and vicinity are at or

above cristobalite saturation. The relatively high aqueous silica content of

these waters'may affect olubilities'of'some waste elements (Mendel 1984). If

waste-elemfit silicates do control solubilities'of'any important waste

elements under conditions at Yucca Mountain, this information will be obtained

from the NNWSI solubility-experiments that are in progress (Kerrisk 1985).

Kerrisk (1983)propos'ed that a high aqueous silica activity was needed for
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stability of the zeolites found at Yucca Mountain. The stability of zeolites

is also.-beinginvestigated by theNNWSI-Project (Wolfsberg and Vaniman 1984).
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APPENDIX A

WATER CHEMISTRY DATA

This appendix contains a list of the water chemistry data reviewed for

this report. The list is in the form of a SASO output listing from the data

base used to prepare the data for the plots contained in the report.

The various column headings in the data listing are described here. SITE

refers-to the well, spring, or sampling location where the water sample was

obtained. REFERENCE refers to the source of the data; the references listed

under this heading are in the reference section of the report. LOCATION

refers to the location of the sampling site; the abbreviations used wnder this

heading are listed in Table II of the-report. DATE refers to-the sampling

date. INT SAMP (M) refers to the depth'interval sampled in meters for wells;

under this heading the entry INT refers.to an integral well sample, in which

the entire well bore was pumped, or't6an integrillsample taken from some

other source such as a spring or seep. LITHOLOGY, refers to the primary

lithology of the well or the area s'ampled; under this'heading T means tertiary

rock, C means carbonate (Paleozoic) rock, QAL mean's'quaternary alluvium, BULL

means Bullfrog, and SOIL means-soil zone. SURFACE ALTITUDE.(M).refers to the

ground surface elevation above sea-level in meters at the well or sampling

.-site. -WELL.DEPTH (M) refers tothe d6epth'of the well in meters.. DEPTH TO

WATER (M) refers to the depth to the staticwater level'inthe well in

meters. TEMP (C).refers-to the water temperature in' C. The'headings CA, MG,

NA; K, CL, 504, SI02, F, N03, ardHCO3 refer'to-:the.concentrations of

calcium, magnesum,-sodium, -potassium Lchloride, sulfate,aqueous.silica,

fluoride, nitrate, and total carbonate in mmoles/l. PH refers to water pH.

02 (MG/L) refers to dissolved oxygen in mg/l. DEL D refers to D in /.

DEL 018 refers to 680 in /00. DEL C13 refers to C in 1... PMC refers

-to percentage of modern carbon in %. LOG(C02 PRESS) refers to loglo(carbon

- :.dioxide ,pressure. natm)' CALCITE LOG(Q/K), DOLOMITE LOG(Q/K), GYPSUM

:' ~ i'LOG(Q/K),-MAGNESITE LOG(Q/K), and-FLUORITE-LOG(Q/K) refer to 'the loglO(Q/K)

for-calcite, dolomite, gypsum, O magnesite, andfuorite;Aheneaning of

loglo(Q/K) is discussed in Section-VI(A) of-this report-and-in-Stumm and

Mo'rgan(1981). A-blnk or period (.) under 'any-heading indicates that no data

were available.
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SITE
"Is

, t 1,

I .

.1.

WELL J-12
WELL J-13
WELL UE-258#1
WELL UE-2581-
WELL UE-258#1-.
WELL UE-25C#I '
WELL UE-25C#2.D' *
WELL UE-25C#3-
*WELL UE-25P#I
'WELL UE-25P1'
WELL UE-29A#2'.
WELL UE-29A#2. :
WELL USW G-4' .
WELL USW H-1I!
WELL USW H-1t ,
WELL USW H-3
WELL USW H-4..
WELL USW H-5%
.WELL USW H-5
WELL USW H:6
WELL USW H-6'
WELL USW H-6
WELL USW VH-1
WELL USW VH-1
WELL USW VH-1
3. 15S/49E-22DC
4. 16S/49E-5ACC
5. 165/49E-8ABB
6. 16S/49E78ACC
7, 16S/49E-9CDA
8. 16S/49E-9DCC
9. 16S/49E-18DC
10, 165/49E-16CCC
I. 165/49E-19DAA
12. 16S/48E-24AAA
13, 165/48E-25AA..
14. 16S/48E-36AAA
15.'t7S/48E-iAB -
16. 17S/49E-78B'-
17. 175/49E-9AA
18, 17S/49E-8DDB
19. 175/49E-15BBD
64. WELL ; NTS
20. 17S/49E-35DDC. ASH TR
21. 165/49E-23ADD
23. 16S/48E-15AAA
25. 16S/48E-IOCBA
27. 165/50E-7BCD
29. 165/49E-15AAA
30. 16S/49E-36AAA
45. 16S/48E-8BBA
46. 165/48E-7BBA
47, 16S/48E-7CBC
48, 16S/48E-18BCC

SAS;. -

REFERENCE

BENSON AND MCKINLEY
BENSON AND MCKINLEY
BENSON AND MCKINLEY
BENSON AND MCKINLEY-(
BENSON AND MCKINLEY (
BENSON AND MCKINLEY(
BENSON AND MCKINLEY:'(
BENSON AND MCKINLEY.(
BENSON AND MCKINLEY (
BENSON AND MCKINLEY(
BENSON AND MCKINLEY.(
BFNSON ANO MCKINLEY (
BENSON AND MCKINLEY C
BENSON AND MCKINLEY
BENSON AND MCKINLEY
BENSON AND MCKINLEY
BENSON AND MCKINLEY
BENSON AND MCKINLEY
BENSON AND MCKINLEY
BENSON AND MCKINLEY (
BENSON AND MCKINLEY
BENSON AND MCKINLEY
BENSON AND MCKINLEY
BENSON AND MCKINLEY
BENSON AND MCKINLEY
CLAASSEN( I985)
CLAASSEN (1985)
CLAASSEN (1985)
CLAASSEN(1985)
CLAASSEN (1985)-
CLAASSEN (1985)
CLAASSEN-(1985)
CLAASSEN (1985). -
CLAASSEN (1985)_
CLAASSEN (1985)
CLAASSEN:(1985)
CLAASSEN-(1985)'
CLAASSEN.(1985).
CLAASSEN (1985)
CLAASSEN (1985);
CLAASSEN (1985)' .
CLAASSEN (1985)'
CLAASSEN (1985)
CLAASSEN (1985)
CLAASSEN (1985)
CLAASSEN (1985)
CLAASSEN (1985)
CLAASSEN (1985)
CLAASSEN (1985)
CLAASSEN (1985)
CLAASSEN (1985)
CLAASSEN (1985)
CLAASSEN (1985)
CLAASSEN (1985)

1985), 00
1985). 0G
1985)~ 00
..985). OG
1985). ..
1985)
1985)
(1985)
1985). OG
1985). OG
(1985). 0-
1985). OG
1985). OG,
1985).
1985).
1985). 00
1985). OG,
1985). OG,
1985). 0G,
1985). 0G,
1985). OG
1985). OG.
1985)
1985)
1985)

;ARD
ARD
ARD
ARD
ARD

ARD
ARD
ARD
ARD
ARD

ARD

ARD
ARD
ARD
ARD
ARD
ARD
;ARD
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AND KERRISK (1984)
AND KERRISK (1984)
AND KERRISK (1984)
AND KERRISK. 984)
AND KERRISK (1984).

AND KERRISK-(1984)
AND KERRISK-(1984)
AND KERRISK'.(984)
AND KERRISK (1984)-
AND KERRISK (1984)

1

AND
AND
AND
AND
AND
AND
AND

.

KERRISK (1984) 
KERRISK (1984) ;

KERRISK' (1984)-
KERRISK-(1984)'
KERRISK (1984)'
KERRISK (1984)
KERRISK (1984)



4-

'SITE:

i9,' 16S/48E-17CCC
50. 16S/48E-l8DAD
'51. 16S/48E-8CDA
52; 16S/48E-'t7ABB
62. 'WHITERDCK SPRING
'68. BUTTE SPRING
70. OAK SPRING
71. TOPOPAH SPRING
1. IOS/47E-14BAB
2.'iOS/47E-27CBA
3.' iOS/47E-31AAB
4 "10S/47E-3200A
5. OS/47E-33AAB
6, 10S/47E-300CC
7S1IIS/46E-2683B7
8, IOS/46E-26BCC 
9. S/47E-3CDB'';'
10,'11S/47E-4CAD''
1;1IS/47E-tOCAA':'

' 2,-'11S/47E-tOBlCC'
13.-i1S/47E-16DCDl'
14, 11S/47E16BDC
t15''ttiS/47E-t8ACD;'

'16' 11S/47E-21ACC'
17, iS/47E-21DBB-'
18, 11S/47E-21ABA;

-19. 11S/47E-21ABA
20. 11S/47E-27C8A
2 1. IIS/47E-28AAC'
:22,~ 11S/47E-28DAC'
23; 11S/47E-33BAC'
24f,11S/47E-IOCCB'
25 12S/47E-SCDA ;
26 12S/47E-6CDD
27. 12S/47E-7DBD
28, 12S/47E-206BB

'29. 12S/47E-t9ADC
18B, 12S/47E-20
1918. 12S/47E-20
208. 12S/47E-20
21B, 12S/47E-20
22B 12S/47E-20
WELLUE-,19B-
-WELLIUE-'19C
_WELL UE-19D
.WELL UE-19E
WELL UE-19E
WELL UE-19GS
WELL UE-19GS
WELL U-20A-2
WELL U-20A-2
WELL UE-20D
WELL UE-20E-1
WELL UE-20H

SAS ' 

REFERENCE -

CLAASSEN (1985)
CLAASSEN (1985)
CLAASSEN_ (1985)
*CLAASSEN (1985)
-CLAASSEN (1985)
:CLAASSEN (1985)'
CLAASSEN (1i985)
-CLAASSEN '(1985)
*WHITE -(1979)
WHITE (1979) 
*WHITE (1979) , '
WHITE (1979) ' -

'WHITE (1979)
WHITE 19793)

7WHITE (1979)
WHITE (1979)
WHITE (1979)
WHITE (1979)

~WHITE (1979)
:WHITE (1979)
'WHITE (1979)

'WHITE (1979)
'. WHITE (1979)
WHITE (1979)
'WHITE (1979)
CWHITE (1979)
WHITE (1979)
WHITE (1979)
WHITE (1979)

-WHITE (1979)
WHITE (1979)
'WHITE (1979)
WHITE (1979)
WHITE'(1979)

'WHITE '(1979) 
WHITE '(1979)

-WHITE (1979)~
WHITE AND CHUMA (1986)

'WHITE-AND CUMA (1986)
'WHITE ANDCHUMA (1986)

WHITE AND CHUMA (1986)
WHITE AND' CIUMA (1986)
BLANKENNAGEL'AND WEIR (1973)
HBLANKENNAGEL'ANWEIR (1973)

'LANKENNAGEL AND WEIR (1973)
BLANKENNAGEL AND WEIR (1973)
CLAASSEN (97)
BLANKENNAGEL AND WEIR (1973)
CLAASSEN (973)
BLANKENNAGEL AND WEIR (1973)
CLAASSEN (1973)
BLANKENNAGEL AND WEIR (1973)
BLANKENNAGEL AND WEIR (1973)
BLANKENNAGEL A WEIR (1973)
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03
0 ~~~SITE.;

WELL2UE 20J'
WELL'ARMY-I
WELL.5A-"
WELL '58-
WELL2 5C'`
WELLC
WELL C-i
WELL 3'
WELL A'
WELL 2:
WELL UE-15O.
UE12TsU3-5, 134:4(M)
UE2T#3!6' 169.6(M)
UE12TN3-7. 199.2(M)
UEQT#3-8. 202.4(M)
UEI2TN3-9. 257.6(M)
UEI2T#3-IO.`,26O;O(M4)
UEI2T#3-1l.:-44I.4(M)
UE12T#3- 12..442.4(M)
UEi2T3-I3. 29I .4(M)
UE12T#3-14: 320.3(M)
UE12T#3-15. 320 6(M)
UE12T3- 16. 321.3(M)
UEI2T#3-17.!350'8(M)
UE12T3- 18. 411'.2(M)
UE2T3-19. 470.6(M)
UE2T3-20, 472.4(M)
UEi2TN3-21, 501.7(M)
UEL2T#3-22. 553A2(M)
UE12T3-23. 532.(M)
RML IA. SURFACE*
RML 1' SURFACE'
I.' U12N.05'BYPASS
2. UE2N.05
3. U12N.05'-
4, U12N MAIN'
5. Ui2N.07 BYPASS
6. U12N.021
7U U12T.02 BYPASS
8. UI2T.02'. 
9. U12T.02 BYPASS
10. U12T MAIN 6
II. U12T.03
12. U 42T.03 (
13. U12T.04
14. U12T.03
UE. U12T.03
16. U12T.03
17. U12E.07
18. U12E.04
19. U12E
20 U2E
21. U12E.04
22. U12E.03

SAS

REFERENCE"

BLANKENNAGEL 'AND 'WEIR (1973)
CLAASSEN'(1973)'
CLAASSEN 1973).:
CLAASSEN'( 1973)'
CLAASSEN (1973)'
CLAASSEN (IS)73)--
CLAASSEN (1973) -

CLAASSEN (1973)
CLAASSEN (1973)
CLAASSEN (1973)
CLAASSEN (1973)
BENSON (1976)
BENSON (1976)'
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
BENSON (1976)
WHITE. CLAASSEN AND BENSON (1980)
WHITE~ 'CLAASSEN AND BENSON (1980)
WHITE' CLAASSEN AND BENSON (1980)
WHITE.' CLAASSEN AND BENSON (1980)
WHITE, CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (1980)
WHITE.' CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (t980)
WIIITE. CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (1980)
WHITE.''CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (1980)
WHITE, CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (1980)
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SITE

23U12E
.,-24.>UI2E.02,
25.* ,U2E.05 - -
26. U2E.03,
27. U2E.03,
28.- U,2E.3
29&;:Ul2E.O7-

I ., 3 *2E -
3i. .Ui .
32., U 12 E...

34., U i2
i. . -2B.03

* .SEEPA.Ui2
SEEP:2. UI2N.03

;.SEEP-3.#U2N.O5
rSEEP 4. U2N.03
,LYSIMETER.0. UI2N.
2,iLYSIETER12. U2N.05
.LYSIMETER3. U2N.05

,ULYSIMETER4. U2N.05
,-LYSIMETER5. U2N.05

ILYSIMETER 6. SURF SOIL
.LYSIMETER.7. SURF SOIL
.LYSIMETER.,g. SURF SOIL
.7ANAL-25BJ.-TUNNEL UI2B. E
-ANAL-2819.TUNNEL U12. 

,ANAL,'293.TUNNEL U12E. 
-ANAL 3260., UNNEL UI2E, 0
5ANAL354.TUNNEL U2E. 
36,- 19.3

..SEEP 1, 13

I

SAS

REFERENCE

..WHITE. CLAASSEN AND BENSON .1 )
WHITE. CLAASSEN ANDBENSON (1980)
-WHITE. CLAASSEN AND BENSON (1980)
: WHITE. CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON (1980)

; WHITE. CLAASSEN AND BENSON'(1980)
WHITE. CLAASSEN AND BENSONA(1980)

,WHITE. CLAASSEN AND BENSON (1980)
-WHITE. CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN AND BENSON,(1980)
WHITE. CLAASSEN AND BENSON (1980)
WHITE. CLAASSEN ANDBENSON, (1980)
WHITE. CLAASSEN AND BENSON (1980)
HENNE ( 1982) N 

, HENNE (1982)
' HENNE (1982)'
.HENNE (1982) ,
HENNE (1982) ',
HENNE (1982) ''
HENNE (1982)
HENNE (1982)

-HENNE (1982)
HENNE (1982) -
HENNE (1982)

,.HENNE (1982)
CLEBSCH AND BARKER_(1960),

_CLEBSCH AND'BARKER-(1960)'
.,CLEBSCH AND BARKER,(1960)
-CLEBSCH AND BARKER,(1960)
, CLEBSCH AND BARKER.(1960)

. . . . . . .~~~~~~~7
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SAS

LOCATIONSITE DATE INT
SAMP
(M)

WELL J-12
WELL -13
WELL.UE-258#1 .
WELL UE-25BN1.,,
WELL.UE-258#1,-
WELLUE-25CN1
WELL.UE-25CN2; .
WELL.UE-25C#3
WELLUE-25P I-
WELL UE:25P#I'
WELL.UE-29A#2
WELL.UE-29A#2-
WELL. USW.G-4.
WELL.USW;H-1.
WELL;USW,H-i
WELL.USWH-3.,
WELL, USW-H-4
WELL USW H-5
WELL USW H5
WELL USW H-6
WELL USW-H-6
WELL USW H-6
WELL USW VH-1
WELL USW VH-t
WELL-USW VH-1
3. 155/49E-22DC
4. 16S/49E-5ACC
S. 16S/49E-BABB
6.-16S/49E-8ACC
7. 16S/49E-9CDA
8.. 16S/49E-,9DCC
9. 16S/49E-I8DC
10, 16S/49E-i6CCC
11. 16S/49E-t9DAA
12, 16S/48E-24AAA
13, 16S/48E-25AA
14. 16S/48E-36AAA
15. 17S/48E-1AB
16. 17S/49E-78B
17, 17S/49E-9AA
18. 17S/49E-8DB
19. 17S/49E-i5BBD
64. WELL 8. NTS
20. 17S/49E-35DDD. ASH TR
21. 16S/49E-23ADD
23, 16S/48E-i5AAA
25. 16S/48E-IOCBA
27. 16S/50E-7BCD
29, 16S/49E-15AAA
30. 16S/49E-36AAA
45. 16S/48E-8BBA
46. 16S/48E-7BBA

FMW
FMW
YM
Ym
YM
YM
YM
YM
YM
YM
YM
YM
YM
Ym
YM
YM
YM
YM
Ym
Ym
YM
YM
CF
CF
CF
AU/FMW
AD/FMW
AD/FMW
AD/FMW
AD/FMW
AD/FMW
AD/FMW
AD/FMW
AD/FMW
AD/FMW
AD/FMW
AD/FMW
AD/FMW
AD/FMW
AD/FMW
AD/FMW
AD/FMW
RM
AD/MISC
AD/INT
AD/INT
AD/INT
AD/MISC
AD/MISC
AD/MISC
AD/OV
AD/OV

03/26/71 INT
03/26/71 INT
08/07/81 INT
09/01/at, INT
07/20/82 863-875
09/30/83-- INT
03/13/84, INT
05/09/84* INT
02/09/83 381-1197
05/12/83 1297-1805
01/08/82 247-354
01/15/82 87-213
12/09/82 INT
10/20/80 572-687
12/08/80 687-1829
03/14/84 822-1220
05/17/82 INT
07/03/82 INT
07/26/82 INT
10/16/82 INT
06/20/84 753-835'
07/06/84: 608-646
02/06/81 INT
02/08/8t .INT

02/11/81-. INT
t/20/72 INT

03/04/74, INT
11/17/72 INT
04/01.71 INT
t1/18/72 INT
03/01/74 INT
03/01/74* INT
06/26/79 INT -
03/05/74 INT
11/17/72 INT
03/05/74 INT
03/04/74 INT
03/05/74 INT
03/01/74 INT
03/01/74 INT
03/06/74 INT
03/06/74 INT
03/24/71 INT
03/06/74 INT
06/25/79 INT
03/31/71 INT
03/31/71 INT
04/01/71 INT
03/31/71 INT
06/24/79 INT
06/24/71 INT
03/30/71 INT
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T
T
T
T
T
T
T
T
T/C
C
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T/C?
T
TIC?

T/C7
T
T/C?
T

T
T

T/C
T/C?
T
T/C
T
T
T
T
T
C/T?
C/T
C/T?



i--i

SITE , A -

: ;1*. '. '

47, 16S/48E-7CBC
*48i ,16S/48E- CC
.49,16S/48E- 7CCC
-50; 16S/48E-I8DAD
!51 16S/48E-8CDA
.52.,165/48E-17ABB
62.,WHITEROCK SPRING
68 8UTTE SPRING -4.

j70.;OAK-SPRING -f,:;
fr71; TOPOPAH SPRING
,-t- 10S/47E-i48A8-
2 i0S/47E-27CBA;.
-3.-1OS/47E-31AAB-'
4< t0S/47E-32DDA:.,
5.15OS/47E-33AAB -.
6.i0S/47E-30DCC:;

,7, 11S/46E-263BB
t.8 IOS/46E-268CCs
9 ;1S/47E-3CDB- ..
10, I11S/47E-4CAD .-oi
I V1, i1S/47EriOCAAl
;12.. 11S/47E-IOBCC,

r:13; 115/47E-16DCD,
i14. 11S/47E-168DCI
15.. 11S/47E.18ACO,
*16;! 1iS/47E-21ACC.
'17. iS/47E-21D8B

*.iB; IIS/47E-21ABA
19. 11S/47E-2iABA

-20, .1IS/47E-27CBA
21. 1IS/47E-28AAC
22' IIS/47E-28DAC
'23. 11S/47E-33BAC
24, IIS/47E-iOCCB

.';25' .12S/47E-5CDA
'26. 12S/47E-6CDD
*'27. 12S/47E-7DBD
28- i12S/47E-2013B
29. .12S/47E-19ADC
i8B., '12S/47E-20
196. 12S/47E-20
20B. 12S/47E-20
21B. 12S/47E-20
22B. 12S/47E-20
WELL UE-19B-1
WELL UE-19C
WELL UE-19D
WELL UE-19E
WELL UE-19E
WELL UE-19GS
WELL UE-i9GS
WELL U-20A-2

SAS

,LOCATION DATE

AD/OV 03/3i/71
aAD/OV 06/24/79
.AD/OV .06/25/79
AD/OV 06/25/79
AD/OV 03/31/71
'AD/DV 08/18/62
RM 04/10/72
iRM 11/10/60
.RM . 04/28/58
CH - 03/25/58
'Dv,

Dv
Dv.
Dv.
DV
DV

"Dv.
OV

Dv

Dv",
DvW*
DV

IDV .

Dv
'Dv
'DV

Dv
OV.'

O DV
Dv
Dv
Dv

.Dv
Dv
Dv
Dv

* PM 10/13/64
PM 03/09/66
PM - 03/09/66
PM 08/01/66
PM 10/06/71
PM 08/02/66
PM 10/06/71
PM 03/10/66

' 

TNT
SAMP
(M)

INT
TNT
TNT
TNT
TNT
TNT
TNT
TNT
TNT
INT
"TNT
TNT

*TNT
.TNT
TNT

.TNT
TNT
TNT
TNT
TNT
TNT
TNT
-TNT
*TNT
,TNT
*INT
TNT

-TNT
TNT
TNT
*TNT
*TNT
TNT
TINT

*TNT
TNT
,INT_. 

-,TNT.
.TNT
* TNT.
TNT
TNT
TNT

*;INT
2190-4500
3040-3075
3300-3480
2475-6005
2475-6005
2650-7500
2650-7500
2066-4500
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T
T
T

'QAL
OAL
QAL/BULL
QAL/BULL
QAL
QAL/BULL

T
;T

,QAL;T

,OAL
'T

-T
IT

QAL
ZOAL
sOAL
T
'T.
QAL

*QAL
T
:T-
-T-
-QAL/BULL

QAL
QAL
QAL
OAL/SOIL
QAL/SDIL
QAL/SOIL
QAL/SOIL
QAL/SOIL

T
T ' '' '
T
T
T
T
T



co
SITE 

WELL U-20A-2
WELL UE-20D
WELL UE-20E-1
WELL UE-20H ..
WELL UE-20J.-
WELL ARMY-I -
WELL 5A -.
WELL 5B-\,.
WELL 5C..' ;
WELL C.
WELL C-1
WELL 3.1
WELL A
WELL 2.
WELL UE-15D
UE12TM3-5. 134.4(M)
UE12T#3-6. 169.6(M)
UE12T#3-7. 199.2(M)
UE12T#378, 202.4(M)
UE12T#3-9. 257.6(M)
UE12T#3-10, 260.0(M)
UE12T#3-11.-441.4(M)
UE12TN3-12, 442.4(M)
UE12T3-13, .291.4(M)
UE12T#3-14, 320.3(M)
UE12T#3-15. 320.6(M)
UE12T#3-16. 321.3(M)
UE12T#3-17. 350.8(M)
UE12T#3-18, 411.2(M)
UE12T#3-19. 470.6(M)
UE12T#3-20, 472.4(M)
UE12T#3:21. 501.7(M)
UE12T#3-22, .503.2(M)
UE12T#3-23. 532.8(M)
RML A, SURFACE
RML 1.-SURFACE
1. U12N.05 BYPASS
2. U12N.05 ,
3, U12N.05t
4, U12N MAIN
5. U12N.07 BYPASS
6. U12N.02
7. U12T.02 BYPASS
8. U12T.02
9. U12T.02 BYPASS
10. U12T MAIN
II. U12T.03
12. U12T.03
13, U12T.04
14. U12T.03
15, U12T.03
16. U12T.03

SAS

LOCATION DATE

PM 10/06/71
PM 07/27/66
PM 03/08/66
PM 08/26/65
PM 10/21/64
FF 03/18/71
FF 06/04/64
FF 03/25/71
FF 03/22/71
YF 04/11/69
YF. 03/29/71
YF 04/16/69
YF,. 03/23/71
YF 03/21/71
YF 03/21/71
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/PW
RM/FW 06/02/71
RM/FW 09/21/71
RM/FW 09/21/71
RM/FW 08/03/72
RM/FW 08/03/72
RM/FW 11/14/72
RM/FW 09/22/71
RM/FW 09/22/71
RM/FW 09/22/71
RM/FW 09/22/71
RM/FW 02/15/73
RM/FW 02/01/73
RM/FW 08/22/73
RM/FW 03/19/73
RM/FW 11/16/72
RM/FW 09/24/74

NT
SAMP
(M)

2066-4500
2446-4500
2600
2506-7207
1740-5690
TNT.
TNT
INT
INt
INT
INT
INT
TNT
TNT,
INT
INT
TNT
INT
TNT
INT
TNT
TNr
INT
TNT
INi
JNT
INT
INT
TNT
INT
TNT
TNT
INT
TNT
TNT
TNT
TNT
TNT
INI
TNT
TNT
TNT
TNT
TNT
INT
INT
TNT
TNT
TNT
TNT
INT
INT

14:49 THURSDAY. MAY 29. 1986 7

LITHOLOGY

T
T
T

T

OAL
OAL
OAL
C
C.-
OAL
OAL
T/C,
T/C'
T
T
T
T
T
T
T
T
T
T
T
T
T

TT. 
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T



S TE

1i7. U2E.07l
18, U12E.04
19, U12E<-'
20.! U12 E,"

._21. 1J2E.04
;'22. Ul2E.03
23," U12E~
24 i2E'.02

';25. Ul2E_.05
26. Ui2E-.03
27. U2E.03
28.* U12E.03
29. *Ui2E.07
30, Ui2E
31. U2E
~32. ~U12E

"33: f 12E
34.:U 12:
35.'iUi128.03
36. U12.04

'SEEP 1. U12T
'SEEP 2. U2N.03
SEEP 3. Ui2N.OS

''SEEP 4. U'2N.03
LYSIMETER I. U12N.05
LYSIMETER 2. U2N.0

LYSIMETER 3. U2N.05
LYSIMETER 4. U2N.05
LYSIMETER S. U2N.05
LYSIMETER 6. SURF SOIL

7. SURF SOIL
;LYSIMETER 9. SURF SOIL
-ANAL'2589. TUNNEL U12B. E
8'ANAL2819 TUNNEL U;21. 0
ANAL 293 TUNNEL Ui2E..D

'ANAL 3260. TUNNEL U12E 0
ANAL 3541. TUNNEL U12E M

Nu 193

I *)

SAS

LOCATION

RM/FW
RM/FW
RM/FW
RM/FW
RM/FW
RM/FW
RM/FW
RM/FW
RM/FW
RM/FW
RM/FW
RM/FW,
RM/FW 
RM/FW
RM/FW
RM/FW
RM/FW),-
RM/FW '
RM/FW
RM/FW-
RM
RM
RM '
RM -t 
RM-
RM.,. .
RM ,,
RM:, :
RM 'i
RM
RM
RM 
RM
RM
RM
RM.

RM ' '
RM

DATE INT
,'-SAMP

(M)

03/11/60 ANT
06/02/59 , NT
11/22/59 TNT
11/29/59 TNT
01/07/60 -TNT
12/14/59 TNT
01/29/59 TNT
10/11/58 TNT
09/12/58 , TNT
05/27/59 INT
05/20/59 TNT
12/03/59 TNT
03/18/66 .. TNT
01/22/59 ' TNT
06/24/59:- -. TNT
07/1B/59'-' TNT
07/21/59 I NT
06/06/58;- -,INT
08/22/58 TNT
09/29/58 *- TNT
AVERAGE TNT
AVERAGE TNT
AVERAGE TNT
AVERAGE TNT
AVERAGE *;-,TNT
AVERAGE TNT
AVERAGE -I 'NT
AVERAGE . ItT
AVERAGE TNT
AVERAGE . ,TNT
AVERAGE TNT
AVERAGE ; TNT
08/22/58.: TNT
06/06/58 TNT
10/11/58 *TNT

06/02/59 TNT
11/22/59 TNT

14:4

LITHOLOGY

T

T
T
T
T
T
T
T

T
T .
T.
T
T.
T.
T.
T 
T 
T.-
T
T
T,
T
T

T 
T

T.

T

T.

T
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co
CA SITE

WELL J-12
WELL J-13
WELL UE-25B# 1
WELL UE-258h1
WELL UE-25BNI
WELL UE-25C#1-
WELL UE-25C#2:5
WELL UE-25C#3;
WELL UE-25P#-
WELL UE-25PS1 "
wELL UE-29A#2<*
WELL UE-29A#2'
WELL USW G-4
WELL USW H-1
WELL USW H-I
WELL USW H-3
WELL USW H-4
WELL USW H-5
WELL USW H-S
WELL USW H-6
WELL USW H-6
WELL USW H-6
WELL USW VH-1
WELL USW VH-1
WELL USW VH-1
3. 15S/49E-22DC
4. 16S/49E-SACC
5. 16S/49E-8ABB
6. 16S/49E-8ACC
7. 16S/49E-9CDA
S. 16S/49E-9DCC
9. 16S/49E-18DC2
10. 16S/49E-16CCC
II, 16S/49E-19DAA
12. 16S/48E-24AAA
13. 16S/48E-25AA
14. 16S/48E-36AAA
15. 17S/48E-IAB
16. 17S/49E-7BB
17. 17S/49E-9AA
18, 175/49E-8DDB
19. 17S/49E-15BBD
64. WELL 8. NTS
20. 17S/49E-35DDD.
21. 16S/49E-23ADD
23. 16S/48E-15AAA
25. 165/48E-IOCBA
27. 16S/50E-7BCD
29, 16S/49E-15AAA
30. 16S/49E-36AAA
45. 16S/48E-8BBA
4G 16S/48E-7BBA
47. 16S/48E-7CBC

SAS

SURFACE ALTITUDE
(M)

953.50
1011.30
1200 40
1200.40
1200.40
1131.00
1132.00
1132.00
1114.00
1114.00
1215.10
1215.10
1270.00
1302.20
1302.20
1483.00
1249.00
1477.80
1477.80
1302.00
1302.00
1302.00
954.50
954.50
954.50

1735.90

WELL DEPTH
(M)

347
1063
1220
1220
1220
914
913
913
1800
1800
422
422
915
1829
1823 
1220
1220
1220
1220
1220
1220
1220
762
762
762
150
90
60
90
90
60

1 10.

90
150
50,
50
60
150

100
10

1680
0

50

60
120

s0

DEPTH TO
WATER (M)

225
282
470
470
470
400
401
402
381
381
29
29

541
572
572

519
704
704
526

184
184
184
78
21
45
45
46
49
33

30
29
26
21
16
12

I;
17

328
0

29

43
St

34

TEMP
(C)

27.0000
31.0000
36.0000
36.0000
37.2000
41.5000
40.5000
40.8000
44.3000
56.0000
25. 1000
22. ?L*0
35.6000
33.0000
34.7000
26.5000
34.8000
36.5000
35.3000
37.8000
41.6000
37.2000
35.2000
35.5000
35.5000

23.0000
25.8000
24.0000
23.3000

26.4000
27.0000
26.5000

24.0000
22.5000
26.5000
18.0000

25.5000
24.5000
30.6000
23.8000

25.0000
24.7000
24.2000
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71 

jSIT; .-

48, 165/48E-18BCC
49. 16S/48E-17CCC
-50;, 16S/48E-18DAD
51 16S/48E-BCDA
52. 16S/48E-i7ABB
62. WHITEROCK SPRING
68.,BUTTE-SPRING
70.4OAK SPRING

-71. TOPOPAH SPRING
1,. 10S/47E-i4BAB
2. 10S/47E-27CBA
3 105/47E-31AAB
4. 10S/47E-32DDA 
5 IOS/47E-33AAB
6.. 10S/47E-30DCC
7, 11S/46E-26BBB
8., 10S/46E-26BCC
9,-- 11S/47E-3CDB 
-10.. .1 S/47E-4CAD
-411,t11S/47E-IOCAA,
12; 11S/47E-108CC.,
'13,,11S/47E-16DCD,
14;, 11S/47E-16BDC,,
;15~ I11S/47E- 18ACD,:.
-16, 11S/47E-21ACC:'
>17., 11S/47E-21DBB.
18. 11S/47E-21ABA
19.' 11S/47E-21ABA
20, ,IS/47E-27CBA,
21. 1iiS/47E-28AAC
22. 11S/47E-28DAC
23 IIS/47E-33BAC
24. 11S/47E-IOCCB
25. 12S/47E-5CDA

-26. 12S/47E-6CDD
27. .2S/47E-7DBD
28- ,12S/47E-20BBB
29, 12S/47E-19ADC

*18B.,>12S/47E-20
:19B.. 12S/47E-20
20B. 12S/47E-20
21. -12S/47E-20
-.22B, 12S/47E-20
WELL- UE-19B-1
WELL UE-19C
WELL UE-190
WELL UE-19E
WELL UE-19E
WELL UE-19GS
WELL UE-19GS
WELL U-20A-2

°° WELL U-20A-2
WELL UE-200

SAS

SURFACE ALTITUDE
(M)

1524.00
1707.00
1768.00
1768.00

.62108.91
2108.91
2047.95 -
2047.95
1972.67
1972.67

WELL DEPTH
(M4)

90.00
0.00
0.00
0.00
0.00
0.00
2.00
0.00
0.00
0.00
37.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

'.,0.00
0.00
0.00
0.00
0.00
0.00

55.00
25.00
0.00
0.00
0.00
0.00
55.00
91.00
0.00
0.00

1371.60
2587.45
2343.61
1B30.32
1830.32
2287.83
2287.83
1371.60
1371.60
1369.47

DEPTH TO
WATER (M)

31.000
0.000
0.000
0.000
0.000
0.000
2.000

676. 046
676. 046
623.011
623.011
629.7 17
629.7 17
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TEMP
(C)

23.3000
24.0000

15.0000
12.8000
11.7000
29.0000
19.0000
19.5000
22.0000
22.0000
22.5000
26.5000
21.0000
23.0000
21.0000
24.0000
18.5000
36.5000
36.5000
24.0000
31.5000
29.0000
26.0000
41.0000
21.5000
18.0000
21.0000
34.0000
21.0000
24.0000
21.5000
20.0000
.18.5000
20.0000

30.0000
31.1000
34.4000
35.0000
30.5000
41.6000.

39.0000
40.0000



l # ~ 4.

Co SITE ;

WELL UE-20E-1
WELL UE-20H
WELL UE-20J
WELL ARMY-'
WELL 5A
WELL 5B
WELL 5C
WELL C ,
WELL C-1
WELL 3
WELL A
WELL 2
WELL UE-15D-
UE12T3-5. 134.4(M)
UEI2TN3-6, 169.6(M)
UE12T#3-77. 199.2(M)
UE12T#3-,8 202.4(M)
UE12T#3-9. 257.6(M)
UE12T#3-10, 260.0(M)
UE12T#3-11. 441.4(M)
UE12T#3-12. 442.4(M)
UEI2T#3-13,29t.4(M)
UE12T#3-14. 320.3(M)
UE12T#3-15...320.6(M)
UE12T#3-16. 321.3(M)
UE12T#3-17. 350.8(M)
UE12T#3-18, 411.2(M)
UE12TN3-19. 470.6(M)
UE12TN3-20. .472.4(M)
UE12T#3-21, 501.7(M)
UE12T#3-22 503.2(M)
UEi2T#3-23. 532.8(M)
RML IA. SURFACE
RML 1B. SURFACE
1. U12N.05 BYPASS
2. U12N.05.
3. U12N.05
4. U12N MAIN
5, Ui2N.07-BYPASS
6. U2N.02
7. U12T.02 BYPASS
8. U12T.02
9. U12T.02 BYPASS
10 U12T MAIN
11 U12T.03
12. U12T.03
13, U12T.04
14. Ui2T.03
15. U12T.03
16. U12T.03
17. U12E.07
18. U12E.04
19. U12E

SAS

SURFACE ALTITUDE
(M)

961.30
943.00
943.00
939.00
1195.00
1195.00
1209.00
1221.00
1362.00
1398.00

WELL DEPTH,

1949.20
2196.69
1734.31
593.00
277.00
274.00
366.00
519.00
503.00
548.00
570.00
1043.00,
1810.00
134.40
169.60,
199.20
202.40
257.60
260.00
441.40
442.40
291.40,
320.30
320.60
321.30'
350.80
411.20,
470.60
472. 40
501.70
503:20
532.80

0.00,
0.00.

DEPTH TO
WATER (M)

240
212
209
210
470
470
486
492
626
203

14:49 THURSDAY.

TEMP
(C)*,,

32.8000
32.2000
38.9000
31.0000
23.0000
25.0000
24.5000
37.0000
38.0000
21.5000
26.5000
34.5000
34.5000
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SITE

20. U12E
21.'Ui2E 04bC!
22., U12E.3-,
23. U12E
24. U12E.02
25. U12E.05-
26., U 12E. 03
27. Ui2E.03-
28. Ul2E.03 ~
29.-U12E.07 i
30.- U12E*
31. Ul2E''
32.,U1ME',
33.-U12E .
34.- U 128_,,
35.-: U I2B. 03..
36. U12.04t,
SEEP 1.-U12T
SEEP- 2. U2N.03
SEEP 3.-U12N.05
SEEP,4. U12N.03
LYSIMETER 1.UI2NO0
LYSIMETER:22. U2N.05
LYSIMETER 3.tU12N.05
LYSIMETER 4. U12N.05
LYSIMETER S. U12N.05
LYSIMETER 6. SURF SOIL
LYSIMETER 7.- SURF SOIL
LYSIMETER 9. SURF SOIL
ANAL 2589.,.TUNNEL U12B. E
ANAL-2819.. UNNEL U12B 0
ANAL 2913;- TUNNEL MIE. 0
ANAL' 3260.' TUNNEL Ui2E. 0
ANAL-i354I.;:TUNNEL U12E. 

No 193

SAS

SURFACE ALTITiUDE

(N)

fl-I

WELL DEPTH
(N)

DEPTH TO
WATER ()

14;49 THURSDAY. AY 29. 1986 2

'TEMP

I 1000
15.9000
16.6000

'-'20.5000

1;4.1000
'16" 1000

16.4000
18.7000
1i3.5000
'9.3000
4. 7000

! 18.0000

16.:0000

- I C 

00
%D
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o SITE

WELL d-12
WELL -13
WELL UE-258#1,
WELL UE-25BS1

:.WELL UE-25B1-
WELL UE,-25CN1
WELL UE725C#2-
-WELL UE-25C#3.
WELL UE-25P#I
WELL- UE-25P#1
WELL UE-29A#2
WELL UE-29A42-
WELL USW G-4_
-.WELL USW H-I...
WELL USW H-.
WELL USW H-3..
WELL USW H-4
WELL USW H-5
WELL USW H-5
WELL USW H-6
WELL USW H-6
WELL USW H-6
WELL USW VH-1
WELL USW VH-1
WELL USW VH-1
3. 15S/49E-22DC
4. 16S/49E-SACC
5. 16S/49E-8ABB
6. 165/49E-BACC
7. 16S/49E-9CDA
8. 16S/49E-9DCC
9. 16S/49E-18DC
10. 16S/49E-16CCC
11 16S/49E-19DAA
12. 16S/48E-24AAA
13. 16S/48E-25AA
14. 16S/48E-36AAA
15. 17S/48E-IAB

*16. 17S/49E-76B
17. 17S/49E-9AA
18. 17S/49E-8DDB
19. 17S/49E-15BBD
64. WELL 8. NTS
20. 17S/49E-35DDD. ASH TR
21. 16S/49E-23ADD
23. 16S/48E-15AAA
25. 16S/48E-IOCBA
27. 16S/50E-7BCD
29. 16S/49E-ISAAA
30. 16S/49E-36AAA
45. 16S/48E-8BBA
46. 16S/48E-7BBA
47. 16S/48E-7CBC
48. 16S/48E-18BCC

CA

0.34930
0.29940
0.47405
0.42415
0.44910
0.27445
0.29940
0.27445
0.92315
2.49501
0.24950
0.24950
0.32435
0. 11228
0. 15469
0.01996
0.42415
0.04741
0.04990
0. 10230
0.03493
0. 11727
0.27445
0.24950
0.24701
0.67000
0.72000
0.75000
0.57000
0.76000
0.57000
0.50000
0.75000
0.60000
0.45000
0.47000
0.42000.
0.47000
0.60000
0.62000
0.52000
0.52000
0.21000
0.38000
0.40000
0.24000
0.23000
1. 19000
1.02000
1.30000
1.46000
1.32000
1.17000
1.37000

MG NA

0.08640
0.08640
0.03003
0.02427
0.02962
0.01399
0.01646
0.01646
0.41144
1.60461
0.00823
0.01234
0. 0023
0.00411
0.00411
0.00082
0.01193
0.00041
0.00041
0.00370
0.00082
0.00288
0.06583
0.06172
0.06172
0.08000
0.09000
0.11000
0. 10000
0.14000
0.11000
0.11000
0.08000
0.05000
0.03000
0.03000
0.08000
0.06000'
0.07000:
0.15000
0. 11000
0. 6000
0.05000
0. 19000
0.07000
0.13000
0.16000
0.72000
0.31000
0.91000
0.26000
0.39000
0.66000
0.45000

1.65291
1.82690
2.30537
2.00089
2.00089
2.43586
2.34887
2.39237
4.0177
6.52463
1.91389
1.91389
2.47336
2.21838
2.21838
5.21971
3.17532
2.60985
2.60985
3.74079
3.82778
3.82778
3.43631
3.47980
3.3928 1
1.87000
1.52000
1.61000
1.61000
2.22000
2.44000
1.83000
1.73000
1.57000
2.35000
1.87000
1.74000
1.74000
2.09000
2.09000
1.57000
1.36000
1.35000
2.20000
2.43000
2.52000
2.65000
4.85000
3.48000
5.22000
7.85000
6.09000
5.66000
6.53000

K

0.130440
0.127883
0.094633
0.0895 18
0.071614
0.05 153
0.053711
0.048595
0. 143229'
0.306919-
0.028134
0.033250
0.053711
0.061384
0.040922
0.028134
0.066499
0.053711
0.053711
0.033250
0.033250
0.035807
0.048595
0.048595
0.046038
0.120000
0.130000
0.140000
0.170000
0.220000
0.230000
0.230000
0. 110000
0.210000
0.180000
0. 190000
0.160000
0.180000'
0.190000'i
0.250000
0.190000
0.210000
0.090000
0.205000
0.165000
0.150000
0.140000
0.330000
0.250000
0.460000
0.330000
0.260000
0.240000
0.300000



SITE'~

49,; 6S/48E-17CCC
50, 16S/48E-18DAD
1. 16S/48E-8CDA
52,,'16S/48E-i7AB8
62.' WHITEROCK SPRING
68. 8UTTE!SPRING
70. OAK 'SPRING
71.1 TOPOPA 1.SPRING
49, 1S/47E-147AC
2;'tilOS/47E-27C8A
'3. OS/47E-31AA83
, 1S/47E-32DA
5. 410S/47E-33AAB
6. 1S/47E-30CC
7.; itiS/46E~26838B7,
S. ioS/46E-265CC
ri9 1S/47E-3COB3-;
68, BUS/47E-CAAPIN
1i! 10S/47E-1OCA0

*.'1i2S/47E-16OlCC)
'1 1S/47E-iACD
.' ;- 1S/47E-21ACC
71. IIS/47E-2I B
C16 iiS/47E-21ACC

'i7.1 IS/4E-2 BB
~' 8, ? 1S/46E-2BC 

r g9. IIS/47E-21AABA
'0. 11S/47E-27CBA
21,'.IIS/47E-2AAC

'''2, -II/47E-280C

23. 11S/47E-331AC
'14;'11S/47E-16CCB

':25-1i2S/47E-5CDA
*'26. 12S/47E-6CDC
:27 '12S/47E-7DBD
28 12S/47E-2088B
'29, 12S/47E-19ABC
28, 12S/47E-20
198. 12S/47E-20
:208;'12S/47E-20
-218.12S/47E-20
228;- '12S/47E-20
WELL'UE-198-1
1 WELLUE419C
WELL US-190

-WELL UE-19E
WELL UE-19E
WELL UE-19GS
WELL UE-19GS
WELL U-20A-2
WELL U-20A-2
WELL UE-20D
WELL UE-20E-
WELL UE-20H

CA

1. 65000
1.32000
I1.20000
1.50000

- . 10000
0.52000
0.45000
0. 18000
0. 18000
0; 55000
*0.58000
0.75000
*..-75000
0.60000
*0. 00000
0. 15000
0.40000
0.65000
0.35000
0.35000
0.45000
0.42000

,0.55000
0.58000
0.62000
0.65000
* 0.32000
* 0.90000
0.25000
0.21000

. 0.30000
0.32000
0.80000
0.68000
0; 63000
0.68000
0;95000

0.59880

0:32435
i. 422 16
0. 09232
0.00998
0.06986.,
0.87325
0.15220
0.14721
0. 0729
0.00499
0.0497

, .

0.450000
0.350000
0280000
0.320000
0.010000
0. 100000
i0;200000
-0.040000
-O.010000
*0:060000
0.180000
0.220000
0.190000
O. 190000
0.010000
0.040000
0.040000
0.180000
.0.030000
-0.020000
;0.020000
0 020000
0.150000

*0. 120000
0.130000

-0;-130000

0.020000
0;210000
0. 190000
0.000000
0.030000
. 1 10000
0.180000
0.130000
0;150000
0. 150000
0;230000

0. 98745
.0. 0041 1 4
..1 15203

0.002057
0.004114
0.002057
0. 008229
0.004114
0.o008229
0.004 114
0.002057
0.002057

-NA

7. 3900
6.5200
6. 9600
6. 8300
1.9100
1. i4800

,,0.9600

6. 2200
7. 4400
4. 3500
.5. 9600
,7.3500
~4.3500
2. 5700
2.4800
5.3100

-9.7000
. 5300

. 67900
7.5300
-7.1300
:2.1800

*10.0900
10.5700
10.7000
6.5300
5.0000
0.7000

.10.8300
4.8700
7300

! 4.6100
4.5700
II. 1400
11.0500
12.6200

1-.8269
-6.332
6.6551i
1. 8704
i.6529
3. 6538
2. 9578
2.3924
2. 3924
3. 8278
3.6103
2. 7838
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K

0.310000
0.270000
0.260000
0.310000
0.200000
0.150000

;.-0.160000
0.160000
0.210000
0.220000
0.200000
0.000000
0.230000
0.200000
0.040000
0.040000
0.120000
0.220000
0.060000
0.180000
0.200000
0.190000

; 0.090000
0.220000
0.210000

; 0w;210000
0.200000
0.280000
0.230000
0.060000

, 0.120000
*0. 150000

:. 190000
0.260000
0.260000
0.260000
0.260000

0:076730
0.005115
0. 109979
0.020461
0.023019
0.038365-.
0.020461
0.005115
0.056268
0.043480
0.051153
0.046038



SITE

WELL UE-20U
WELL ARMY-I
WELL 5A
WELL.5B
WELL 5C
WELL-C
WELL C-1
WELL 3 '
WELL A-.
WELL'2 '
WELL'UE-15D0 -
UEI2T#3-5. 134.4(M)
UE12T#3-6. 169.6(M)
UE12T#3-7. 199.2(M)
UE12T#3?8.. 202.4(M)
UE12T3.9. 257.6(M)
UE12T#3-10 260.0(M)
UE12T#3-11-.'441.4(M)
UEI2T#3?12, 442.4(M)
UE12T#3-13, 291.4(M)
UE12T#3-14. 320.3(M)
UE2TA3-15. 320.6(M)
UE12T#3-16. 321.3(M)
UE12T#3-17, 350.8(M)
UE12T#3-18. 411.2(M)
UE12T#3-19. 470.6(M)
UE12T#3-20. 472.4(M)
UEi2T#3-21._50I.7(M)
UE12T#3-22..503.2(M)
UE12T#3r23. 532.8(M)
RML IA..'SURFACE
RML 1. SURFACE
1. U12N.05.BYPASS
2. U12N.05.
3. U12N.05
4. U12N MAIN
5. U12N.07 BYPASS
6. U12N.02- ,;
7. U12T.02 BYPASS
8. U12T.02- -
9. U12T.02 BYPASS
10. U12T MAIN
II. U12T.03
12. U12T.03
13, U12T.04
14. U12T.03
15. U12T.03
16. U12T.03
17. U12E.07
18. U12E.04
19. U12E
20. U12E
21. U12E.04
22. U12E.03

: SAS

CA

1.14770
1.09780.
0.06737
0. 17465
0.02495
1.87126
1.79641
0.47405
0.52395..
0.77345
1.39721
0. 27445
0.64870
0.57385._
0.42415
0.39920
0.64870
0.21956
0.27445
0.19711
0.22954
0.44910
0.69860,
0.32435
0. 14222-
0.00250
0.00250i
0.05489
0.04491
0.02495
0.24950
0.27445
0.18000
0.23000
0.40000
1. 15000
0.01000
0.18000
0.01000
0.03000
0.07000
0.02000
0.50000,
0.22000
0.24000
0.50000
0.23000
0.51000
0.43000
0.01000
0.06000
0.06000
0.04000
0.04000

MG

0.04937 
0.90516'
0. 01646
0.09052
0. 01646
1. 19317
1.23431
0.53487,.
0.30446.:
0. 57601.'
0.65830
0. 12343.'
0.28801
0.25921
0. 17280
0.19749
0.29624
0.02880
0.04114
0.08640
0.06994
0.09052..-
0. 18103
0.09052
0.03415
0.0062
0.00370
0.00617
0.00576
0.00453
0.09463
0.13166 ;
0.02000
0.02000
0.06000
0.28000.
0.00100
0.01000
0.00100
0.01000
0.00100
0.01000
0.21000
0.06000..
0.08000
0.17000
0.06000
0.019000
0.17000
0.00100
0.0100
0.00100
0.00100
0.00100

NA

6.00266
1.60941
7.09010
3.91478
5.65468
5.43719
5.21971
1.73990
2. 13138
1.17443
3.47980
1.06569
1.50937.
1.89214
1.01784
1.30493
1.40932
2.00089
2.41846
1.10919
1.36147
1.37017
1.54416
1.01349
1.34407
1.73990
2.27057
2.62290
2.82734..,
3.09268
0.66551
1. 15703
1.91000
2.65000
3.04000
2.70000
0.96000.
2.04000
0.96000
1.09000
1.13000
2.83000
1.44000
1.39000
1.44000
1.30000
1.65000
1.13000
1.13000
1.04000
1.13000
1.04000
1.26000
1.35000

14:49 TtURSDAY.

K

0.163690
0.132998
0.163690
0.281342
0.173921
0.383648
0.358072
0.217401
0.225074,
0.171363
0.383648
0.255766
0.358072
0.255766
0.104864
0.122767
0.143229
0.358072,,
0.485955
0.122767
0.186709
0.204612
0.209728
0.148344.
0.140671
0.038365
0.030692
0.030692
0.023019
0.097191
0.061384
0.081845
0.240000
0.280000
0.330000
0. 190000
0.010000
0.140000
0.001000
0.010000
0.020000
0.090000
0.140000
0. 140000
0.130000
O. 170000
0.170000
0. 140000
0.150000
0.020000
0.090000
0.200000
0.010000
0.010000
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SITE

23. UiJ2E0
24. U2.2
25. U2E.05
26 ,U,2E.03, -
27,X U12E.03
28.. UI2E.O3,.
2.UI2E.07

30.,U:2E
*31.'_U12E
32.,U12E,'

*33. U12E
34. Ui25>

35. Ui2B:03 

36,,.U12.04
SEEP I.; U12T
SEEP; 2. 'U2N.O 3
SEEP., 3EU12N.5
SEEP.4.',Ui2N.03
' LYS1EER1. U2N.05
LYSIMETER2. Ui2N. 5
LYSIMETER,3. U2N.05
*LYSIMETER; 4. Ui2N.O5
LYSIMETER 5. U2N.05
LYSIMETER 6. SURF SOIL
LYSIMETER, 7. SURF SOIL
LYSIMETER,9 SURF SOIL
ANAL2589. TUNNEL U12B E
ANAL:2819, .TUNNEL U12B 0
ANAL.2913.TUNNEL U2E. 
ANAL-3260.iTUNNEL U12E. 
ANAL 3541TUNNEL U12E. M

.193'

SAS

CA ~~'MG
0.2000 . 0.0'0000
0.001000, _0.00 0
0.060000 10.001000

j'0.060000. 0001000
0.020000 0.001000
0'040000 0.0010

;O.43o00 O. 120000
:0.330000 'O.OloOO`
O. 100000 .0.001000
'0.400000 `'0.040000
,0.080000 0.00100

* 0.320000 0.040000
,0.240000 0.060000
0.200000 0.340000
0.037176

lo0.059611 0.005349
0.225549 0 .006583
0:018713 0O.004937
:983034 0.046081
0.1 04291 0.005760
0''.146457 0.004937
*~i13543 0.004937
0.004990 0.004937
0.441617 0.15840O4
'0.244511 0;00100
'0.763473 '0.259617
'0.324351 '078173
:0.239521 :0.061716.
'0.05980 '0.000041
'0.004990 .0.000041

0.059880 :0.000041

'00 '-;400

4000 '-.600

NA

O'87000
1'.39000
i 1:44000
1.74000
1.9100
1.74000
1. 000
1.48000
2.04000
1.61000
3.04000
0:.78000
*0.65000

O .96000
2.91869
2:03569
2. 588 10
2.20968
8.09054
2.58810
2. 84474
2! 48371
0. 92650
1.0 784
0. 66551i
i1.85735
. 78296

0.65246
i. 39 192
1.04394
1.13094
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K

0. 170000
0.060000
0.080000
0.030000
0.040000
0.070000
0.150000
0.160000
0.280000
0.200000
0.070000
0;.070000
0.070000
'0.080000
0.092076
0.089518
0.181594
0.066499
0.340168
0.117652
0:'173921
0.'156017
0.014834 - 'V

'''0.023530
0.027111
0.112537
0.'071614
0.071614
0.056268
0.015346
0.092076

, . . ...

to
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SITE

WELL J-12
WELL d-13 .
WELL UE-25B11
WELL UE-258#1
WELL' UE-258N1
WELL UE-25CN1 .
WELL UE-25C#2.
WELL' UE-:25C#3
WELL"UE-25P#l
WELL"UE-25P#1
WELL .UE-29A#2
WELL UE-29A#2-
WELL USW G-4'
WELL USW H71 :
WELL USW H-I '
WELL: USW H-3
WELL' USW H-4
WELL USW H-5
WELL'USW H7 5.'
WELL USW H-6
WELL USW H-6
WELL USW H-6
WELL USW.VH-I
WELL USW VH-I
WELL USW VH-1
3. 155/49E-22DC
4. 16S/49E-5ACC
5. IGS/49E-8ABB
6. '16S/49E-8ACC
7. .16S/49E-9CDA
8. 16S/49E-90CC
9. :16S/49E-18DC
10 '16S/49E-16CCC
II.' 165/49E-19DAA
12;- 16S/48E-24AAA
13., 16S/48E-25AA
14, 16S/48E-36AAA
15. 17S/48E-IAB
16. 17S/49E-7BB
17. i7S/49E-9AA
18. 17S/49E-8DDB
19. 17S/49E-15BBD
64. WELL . NTS
20. 175/49E-35DDD. ASH TR
21. 16S/49E-23ADD
23. 16S/48E-ISAAA
25. 165/48E-IOCBA
27. 16S/50E-7BCD
29. 16S/49E-15AAA
30. 16S/49E-36AAA
45. 16S/48E-8BBA
46. 165/48E-7BBA
47. 165/48E-7CBC
48. 16S/48E-IBCC

CL

0.20591
0.20027
0.36668
0.23975
0.21155
0.20873
0.20027
0.20309
0.36668
0.78978
0.31027
0.24822
0. 16642-
0. 16078
0. 16360 
0. 15513-
0. 19462
0. 17206
0.17206
0.21437
0.20309
0.20873
0.31027
0.28206
0.28206
024000' -
0. 17000
0.22000
0.17000
0.34000
0.28000 -
0.21000-
0.23000
0. 19000. '-
0.22000-
0.26000
0. 19000
0.18000
0.27000
0.28000
0.18000
0.28000
0.21000
0. 19000
0.25000
0.21000
0.23000
0.82000
0.65000
0.76000
2.25000
1.78000
1.75000
1.72000

S04

0.22903
0. 17698
0.24985
0.22903
021862
0.23944
0:22903
0.22903
0: 39560
166567
0.22903
0.21862
0. 19780
0.18739
0.19780
0.32272
0.27067
0. 16657
0.16657
0.30190
0.26026
0.33313
0.45806
0.46847'
0.45806
0.34000
0.27000
0.31000
0.30000
0.67000
0.70000""
0.29000
0. 53000
0.34000
0.31000"
0.29000
0.26000
0.26000
0.32000
0.72000
0.28000
0.36000
0.15000
0.42000
0.36000
0.29000
0.34000
1.58000
1.35000
1.75000
2.11000
1.87000
1.87000
1.98000

S102

0.89874
0.94867
0.88209
0.86545
0.84881
0.93202
0.89874
0.88209
0.81552
0.68237
0.73230
0.73230
0. 749b'
0.78223
0.66573
0.71566
0.76559
0. 79888
0.79888
0.79888
0.78223
0.81552
0.832 16
0.83216
0.81552
0.82000
1.03000
0.90000
0.97000
1.09000
1.20000
0.98000'
1.28000
1.25000
1.31000
1.20000
1.31000'"
1.31000
1.33000
1.17000
1.35000
1.21000
0.68000
1.34500
1.27000
1.13000
1.07000
0.48000
0.77000
0.63000
0.63000
I.15000
1.07000
1.33000

F

0. 110536
0. 126326
0.078954
0.084218
0.084218
0.110536
0.110536
0.105272
0. 178962
0.247389
0.052636
0.047372
O. 131590
0.063163
0.052636
0.289498
0.242126
0.073690
0.073690"
0.247389
0.205280
0.247389'
0. 142117
0.142117'
0.142117

0.040000

N03

0.112894
0.162890
0.009677
0.009677
0.053222

0.000806
0.301589
0.301589
0.0ws703

0.003226
0.075800
0. 138699
0.138699
0.085477
0.085477
0. 085477



SITE '

49. t6S/4BE- 17CCC
50. 16S/48E-1RDAD
51. 16S/48E-8CDA
52, 16S/48E-17ABB .
62. WHITEROCK SPRING
68.BUTTE: SPRING
70.'OAK SPRING
71.' TOPOPAH SPRING
1. ios/47E-14BAB
2. 10S/47E-27CBA
3. 10S/47E 31AAB
4. iOS/47E-320DA
5. 10S/47E-33AAB-
6, 10S/47E-30DCC
7. 11S/46E-26BB
8. 10S/46E-268CC ; 
9, 11S/47E-3CDB:-'
10 '11S/47E-4CAD
11: 11S/47E- 10CAA"i
12. 11S/47E-10BCC s

13. iiS/47E- 6DCD
14. IIS/47E-'16BDC
15; IS/47E- i8ACD
16. 11S/47E-21ACC
17.:IS/47E-21DBB

19. I1S/47E-21ABA '
20. IIS/47E-27CBA
21; -IIS/47E-28AAC-
22. 11S/47E-28DAC 1/
23' 1IS/47E-33BAC"'
24 IIS/47E- IOCCB ?
25 12S/47E-5CDA -
26,: 12S/47E-6CDD
27. 12S/47E-7DBD
28 12S/47E-20888
29. 12S/47E-19ADC
188. 12S/47E-20
19B. 12S/47E-20
208., 125/47E-20
21B. 12S/47E-20
22B. 12S/47E-20
WELL tlE- 198-1
WELL UE- 19C-
WELL UE-19D
WELL UE-19E
WELL UE-19E
WELL IJE-i9GS
WELL UE-19GS
WELL U-20A-2
WELL U-20A-2
WELL UE-20D

Ul WELL UE-20E-1
WELL UE-20H

CL-

2.34000
1.78000
1. 89000.
1.95000
0.31000
0.34000
0.25000
0.08000
1.44000
1.83000w
1.18000
1.04000
1.92000.
1. 13000
0.39000,
0.42000 -
1.27000
2.26000
1.52000
1. 18000
1.33000
1.21000
0.59000
1.95000
2.03000
2.03000:
0. 99000
2.62000.
1.92000,
0.76000
1 .27000

0.73000
1.07000
2.06000
2.06000;
2. 17000w
2.82000

0.1i9180l
0.21719'
0.56413
0. 10436
0. 12975
0. 62054
0. 25104
0.31027
0.28206
0.64875
0.56413
0.42310

SAS

- S04

2.45000
1.95000.
1. 87000
1.86000
0.28000
0. 12000,
0. 15000
0. 16000
0. 6000
1.06000-
0.55000'
1.00000
1.07000
0.61000
0. 15000
0. 18000
0.98000
1.35000-
1.13000.
0.95000
1.32000
1.25000
0.23000
1.65000
1.74000
1.74000
1.21000
2.27000
1.76000.
0.73000,.
0.85000 .I
0.73000
0.97000
1.86000
.36000:

1 .91000
2.60000

0.21862
0.00052.:
0.59339
0. 16657
0.08328
0.44765
0. 78078
0.28108
0.29149
0.45806
0.43724
0.31231
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Sl02

1.29000
1. 2 8000
1.13000
1.25000
0.77000
O.50000
0. 95000
0.83000
0.95000
1.03000 -
1.18000
1.03000
0.90000
1.20000
0.73000
0.80000
0.78000
1.03000
0.63000 -
0.85000
1.00000
1.07000
0.75000
1.00000
0.93000
0.90000
0.90000
0.98000
0.75000
0.77000
0.83000.
1.00000 
0.90000

I . 10000 '
1.12000
1.12000

0.68237-
0.49930
0.91538
0.93202-
1.08181
0.83216
0.99860
0.79888
0.73230
0.78223
0.59916
0.8 552

F

0.220000
0. 99000
0.130000
0. 120000
0.230000
0.090000
0.020000
0.020000
0.150000
0.270000
0.320000
0.240000
0.320000
0.300000
0.030000
0.320000
0.320000
0.320000
0.320000
0.370000
0.340000
0.200000
0.140000
0.200000
0.020000
0.320000
0.320000
0.310000
0.330000

0. 168435
0.226335
0. 2579 16
0. 278971I
0.036845
0.157908
0.073690
0.142117
0.147381
0. 14738 t
0.236862
0.142117

N03

0. 00645 1
0. 0032256
0.0096767
0.0274172
0.045 1577
0.0096767
0.0048383
0.0225789
0.0112894
0.0016128
0.0080639
0.02096i61



WELL.UE 20J
WELL"ARMY-1
WELL I5A
WELL 58
WELL 5C
.WELL'C"'
'WELL: - I-
*WELL3
,,. !.- L A
WELLc' 2'
WELL UE-15D

'U:tE12T#3-5,. 134.4(M)
UEi12T#3-6, 169.6(M)

-UEI2T#3-7..199.2(M)
.lUE 12T#3-8. 202 .4 (M)
"UE 12T#3-9.-257.6(M)
' UE12T#3-0.-260.0(M)

WELLT-:C;' 1.(M

''UEL2T'3-12, 442.4(M)
UE12T#3-13, 291.4(M)
UE127#3-14.320.3(M)
UE12T#3- .320.6(M)
UE12T3-16. 321.3(M)
UE12T#3-17.-350.8(M)
UE12T#3-18. 411.2(M)
UE12T3-19. 470.6(M)
UE12T#3-20. 472.4(M)
UE12T#3-21. 501.7(M)
UE12T#3-22. 503.2(M)
UE12T#3-23,-532.8(M)
RMLA'A, SURFACE
RM4L l\ B. SURFACE
1.-UI2N.05 BYPASS
2.' U12N.05
3.-U12N.05'
4. U2N MAIN
5.`U12N.07 BYPASS
6, UI2N.02--
:7, Ui2T.02 BYPASS
8. Ui2T.02 -
9. U2T.02 BYPASS
10, UI2T MAIN
ItU U12T.03
12. U12T.03
13. U12T.04
14, U12T.03
15. UI2T.03
16. U12T.03
17' U12E.07
18, U12E.04
19. U12E
20. U12E
21. U12E.04
22. U12E.03

CL

3. 24373
0. 42310
0.3 1027
0.59233
0.23411
0.93081
0.93081
0.11283
0. 13257
0. 16924
0.42310
0.76157
0.90260
0.76157
1.07184
1.46673
1.74879
0.56413
0.56413
0.59233
0.84619
0.98722
0.81798
0.84619
0.45130
0.26514
0.31027
0.33848
0.47951
0.47951
0.08180
0.04513
0.16000
0.37000
0.37000
0.90000
0.06000
0.20000
0.02000
0.05000
0.05000
0.28000
0.27000
0.31000
0.28000
0.31000
0.28000
0.26000
0.06000
0. 10000
0.17000
0.11000
0.17000
0.06000

SAS.,

S 04

1.40541
0.53093
0. 28 108
0. 54 134
0.23944
0.68709
0. 68709
0. 19780
0.17698
0.21862
0.45806
0.2 134 1

*0.37790
0.42370
0.41954
0.40184
0.73602
0.57049
0.86823
0.22903
0.46847

0.52052
0.57257
0.33834
0.21862
0.34354
0.31752
0.31231
0.37790
0.04997
0.04581
0.06000
0.15000
0.28000
0.66000
0.05000
0.09000
0.00100
0.00100
0.18000
0.14000
0.18000
0.19000
0.16000
0. 60008
0.16000
0. 17000
0.15000
0.8 3000
0. 2000
0.10000
0.09000
0.09000

S102

0.73230
0.31622
0.83216
0.68237
0.78223
0.48266
0.48266
1.06517
1. 14839
0.73230
0.31622
1.03188
0.99860
0.96531
1;18167
1.01524
1.26489
0. 83216
0.89874
1.26489
1.26489
0.93202
1.29818
1.26489
0.99860
0.76559
0.73230
0.64909
0.66573
0.69902
0.32954
0.32454
0.85000
0.72000
0.70000
0.68000
0.63000
0.88000
0.65000
0.65000
0.63000
0.65000
1.35000
0.92000
0.88000
1.00000
0.83000
1.10000
0.90000
0.60000
0.90000
0.87000
0.60000
0.67000
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F N03

0.115799 '0.014515
0.052636 0.014515
0.121063 0.120958
0.036845 0.177405
0.042109 0.08a703
0.057900 0.000806
0.052636 0.000806
0.047372 0.193533
0.031582 0.111282
0.021054 0.082252
0.073690 0.000806

0.010000
0.010000
0.030000
0.020000
0.010000
0.020000
0.020000
0.010000
0.0100
0.020000
0.010000
0.010000
0.020000
0.010000
0.010000
0.010000'
0.010000
0.020000
0.010000
0.010000
0.020000



SITE

23. U12E
24. UI2E.02.
25. U12E.05-
26. U 12E. 03.
27. UI2E.03
28. UI2E.03
29. U12E.07.
30. U 12E
31. Ui2E,
32. Ut2E .. .. .

33. Ui2E -

35. U12B;03
36. U12.04
SEEP -.-Ui2T,,
SEEP 2 UI2N;03
SEEP 3..Ui2N05
SEEP 4. Ui2N.03
LYSIMETERA;.,U12N.05
LYSIETER 2;- ,.U2N.05
LYSIMETER 3 U,2N.05
LYSIMETFR 4. Ui2N.05
LYSIMETER 5D UI2N.05
LYS2METER S. SURF. SOIL
LYSIMETER 7.. SURF- SOIL
LYSIMETER 9,.-SURF-SOIL
ANAL 2589.-TUNNEL U2B. E
ANAL 2819. TUNNEL :U2B. 0
ANAL 2913.07TUNNEL:UI2E. 0
ANAL 3260.TUNNEL U12E. D
ANAL 341-.TUNNEL UI2E. 

NE 1T93

CL ..

0.230000
0.270000
0.280000
0.250000
0.280000
0.230000
0.110000
0.280000
0.340000;
0.340000.
0.450000
0.140000
0.210000
0.340000
0.310270 
0.183341
0.217189,
0.256678
0.115646.
0.118467
0.183341..
0.160776.
0.039489

0.141032
0.902603.
0.141032
0.211548
0.267960
0.098722
0.169238

.-

SAS

504

0.180000
0.120000 -

0.120000
0. 120000.
0. 120000.
0. 120000''
0. 150000
0.150000 .

.. MOW.

0.150000

0.150000

0.330000
0.120000
0.090000

0.15656
0. 135335,
0.218619
0. 156156
0.0 12493
O. 017698
0.045806
0.067668
0.023944

0.093694,
0.124925
0.085365
0.15156
0.064545
0.114515

. R
. II
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S102

0.92000
0.78000
1.23000
0.98000
0.63000
0.97000'
0.90000
1.02000
0.67000
0.87000
2.10000
1. 1 1000
1.100

0.66573
0. 73230
0.89874
0.78223
0.63244
0.54923
0.91538
0.88209
0. 59916
0.59916
0.38280
0.29958
1.13174
1. 1 15 10'
0.78223
0.59916
0.89874

F

0.0100000
0.0100000
0.0100000
0.0200000 -
0.0100000
0.0200000
0.0100000
0.0100000
0.0100000
0.0100000,,,
0.0200000
0.0100000
0.0100000

0. 0052636
0.0105272'
0.0105272-
0.0105272 
0.0157908

N03

0.033868
0.119345
0.035481
0.027417
0.053222

t0



SAS

SITE HCO3 PH

WELL J-12
WELL J-13
WELL UE-2581
WELL UE-25BS1
WELL UE-25B#1 :
WELLUE 25CN1
WELL- UE-25C2§:
WELL UE-25C#3'.
WELL UE-25PN1.-
.WELL UE-25P#1
WELL UE-29A#2-
WELL UE-29A#2
WELL, USW G-4
WELL USW H-.
WELL USW H-1
WELL USW;H-3-
WELL USW'H-4
WELL USW.H-5
WELL USWH-5
WELL. USW.H-6
WELL USW H-6
WELL USW H-6
WELLUSW VH-1
WELL USW VH-1
WELL USW VH-1
3. 15S/49E-220C
4, 16S/49E-5ACC
5,., 16S/49E-8ABB
6, 16S/49E-8ACC
7, 16S/49E-9CDA

* 8. 16S/49E-9DCC
9, 16S/49E-i8DC
10, 16S/49E-16CCC
11. 16S/49E-19DAA
12, 16S/48E-24AAA
13. 16S/48E-25AA
14, 165/48E-36AAA
15, 17S/48E-IAB
16, 17S/49E-7BB
17. 17S/49E-9AA
18. 17S/49E-BDDB
19. 17S/49E-15BBD
64, WELL 8. NTS
20, 17S/49E-35DDD, ASH TR
21. 16S/49E-23ADD
23, 16S/48E-15AAA
25. 16S/48E-IOCBA
27. 16S/50E-7BCD
29. 16S/49E-15AAA
30, 16S/49E-36AAA
45. 16S/48E-8BBA
46. 16S/48E-7BBA
47. 16S/48E-7CBC

1.95027
2.03222
2.83527
2.27805
2.17972
2.47472
2.27805
2.24527
4.62166
9.32525
1.75361
1.75361
2.27805
1.88472
1.99944
4.49054
2.83527
2.06499
2.08138
2.98277
*3.55638
3.83499
2.73694
2.70416
2.65499
2.44000
2.21000
2.49000
2.26000
2.35000
2.31000
2.46000
2.17000
2.20000
2.41000
2.18000
2.18000
2.21000
2.51000
2.15000
2.02000
1.97000
1.31000
2.58000
2.08000
2.51000
2.72000
4.78000
3.20000
5. 15000
4.85000
4.11000
3.92000

7.10000
7.20000
7.10000
7.50000
7.10000
7.60000
7.70000
7.70000
6.80000
6.60000
7.20000
7.00000
7.70000
7.70000
7,50000
9.20000
7.40000
7.80000
7.90000
8.,0000
8.30000
8;30000
7.90000
7.50000
7.50000
7.78000
8.15000
7. 47000
7.90000
7.61000
8.16000
8.12000
7. 87000
8.20000
8.09000
8.06000
8.40000
8.15000
8.30000
8.02000
8.35000
8.12000
7.40000
7.96000
8.19000
8.10000
8.30000
7.62000
7.70000
7.76000
7.90000
7.40000
7.70000

DEL
C13

-7.900
-7.300

-10.700
-10.400
-8.600
-7. 100
-7.000
-7.500
-4.200
-2.300

-13.000
-13.100

-9. 100

-11.400
-L4.900
-7.400

- 10. 300
-10.300

-7.500
-7.300
-7. 100

-8.500

-7.100
-6.800

-7.300

-5.200

-12.100

-8.400
-7. 100
-5.600
-3.600
-3.400
-4.400

-6.200
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PMC

32.2000
29.2000

16.7000
18.9000
15.0000
16.6000
15.7000
3.5000
2.3000
62.3000
60.0000
22.0000
19.9000
23.9000
10.5000
11.8000
18.2000
21.4000
16.3000
10.0000
12.4000

i2.2000
15.6000
19.3000
21.4000

21.9000
28.4000
24.8000
20.8000

19.3000

18.4000
10.0000
18.9000
27.8000
40.3000
25.4000
13.8000
27.4000
17.1000
15.6000
7.0000

10.3000

31.4000



;~ '' * (*.: .

SITE

48. 16S/48E-f 8C
49. 6S/48E-7CCC
50. 16S/4uE-180AO''
51. i6S/48EBCDA
52 ' 17:-.' 
62. WH-ITEROCK ,SPRING
68. BUTTE:SPRING
70. OAK SPRI NG. , -. .. ..
71, TOPOPAH.'SPRING
1. iOS/47E-14BAB
2. ioS/47E-27CCA'
3. 16/47E-13iAA
4. ios/47E32DA
5. 16S/47E-33AAB "
6, ios/47E 3ODCC
7, IIS/46E26886
8. IOS/46E26NCC
9, iiS/47E,3COB
10. IIS/47E24CAD
31 IIS/47ESIOCAAf'
12 15S/47E 10DCC '
13. 1S/47E-36DCD-O ;
14 1S/47E-06DC
15 11S/47ELIBACD'
16. 15S/47E 28ACC '
17 11S/47E-2DB3, ;
18. IlS/47E-2ABA
19. IIS/47E-2iABA
20. 1 IS/47E,-27C13AC ' -7
21. 1IS/47E-28AAC
22 IIS/47E-2BDAC
23. iIS/47E-338AC
24. 1iS/47E-iOCCB
25, 12S/47E-5CDA
26. 12S/47E-2CDD
27. 12S/47E-7DB
28, 12S/47E:2088B
29. 12S/47E-19AC
188. 12S/47E-20
198 .12S/47E-20
20, 12S/47E-20
21B. 12S/47E-20
22. 12S/47E-20
WELL 1E-198-2
WELL UE-19C
WELL UE-190
WELL UE-19E
WELL UE-19E
WELL UE-19G
WELL UE-19GS
WELL U-20A-2
WELL U-20A-2
WELL UE-20D'

SAS

HCO3

4.45000
3.92000
3.87000
4.33000
4.95000
1.26000
2.28000
1 .90000 
0.79000(
3.39000
4.57000
3.75000
5.08000
4.85000
3.80000
1.90000i
2.07000'-
3.00000 '
6.23000
5.41000
4.79000
4.39000
4.15000
2.33000
6.10000
6.44000
6.46000"
3.65000
3.03000 '
8.39000
5.08000 -
2.84000
3.03000
3 21000
3.47000
6.49000''
6 39000
7.20000

2.45833
6.55554
8.01415
1.3111
1.32750
2.01583
2.99916
1.73722
1.80277
2.24527

PH

7.98000'
7.69000
7.69000 ' 
7.60000.-'
7.40000 -
7.30000 :'''
7.80000 ' :;'--
7.50000'"
6.90000 '' -
8.10000'
7.70000
7.60000'
7.60000:'
7.80000
7.80000
8.70000'
7.90000';: 
8.20000
7.70000"
8.10000
7.60000'
7.80000"-
7.80000''"''
7.70000
7.70000'
7.70000
7.90000
7.60000
8. 00000'
9. ooo -
8.20000
8.30000
8.20000
7.90000
7.90000
7.70000
7.80000
7.70000

7.40000
7.90000
7.90000
8.20000
7.70000
8.20000
8.20000
7.70000
7.90000
7.80000

DEL
C13

-5.700

-2.520
-5.330
-5.320
-5.990
-4.910
-5. 160

-5.020

-4.540

-4.540

-6.260
-7.070
-6.920

-6.290
-6.580
-6.950
-8.000
-8.000

-13.050
-11.140
-11.350
-9.590

-11.390

-13.470
-13.470
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PMC

6.9000
38.9000

99.9900
35.0000

31 .6000

34.2000

64.7000

92.8000

15.3000
15.3000



WELL UE-20E-1
WELL UE-20H
WELL'UE-20J
WELL ARMY-I
WELL.A
WELL' SB
WELL SC
WELLCCV
WELL' C -I
WELL: 3
WELL A
WELL: 2
WELL' UE-15D
UEI2T#3,5:.134.4(M)
UEI2TN3-6."169.6(M)
UE12TI3-7. 1I99.2(M)
UE12T#3-8."202.4(4)
UE12T#3-9. 257.6(M)
UE12T'3-.10. .260.0(M)
UEI2T#3-,1Il-44J.4(M)
UEL 2TAR3-12,442.4(M)
UE12T#3-,i3'-1291.4(M)
UEI2T#3- 14.-320.3(M)
UE12T#3-I5.' 320.6(M)
UE12T#3-16; 321.3(M)
UE12TN3-17. 350.8(M)
UE12T#3-18. .41 1.2(M)
UE12T#3-19' 470.6(M)
UE12TN3-20, 472.4(M)
UEL2T#3-21 501.7(M)
UE12TN3-22. 503.2(M)

UEITN33.'532.8(M)
RMLLIA; SURFACE
RML 18, -SURFACE
1. U12N 05BYPASS
2: Ui2N .05

4. U12N MAIN'
S. U2N.07BYPASS
6. U12N.02 6
7. U2T.09BYPASS
8. U12T.0204
9. U12T:02BYPASS
tO, U12T MAIN
I1. U 42T.03
12. U12T.03
13. U12T.04
14, U12T.03
15. U12T.03
16. U12T.03
17. U12E.07
18. U12E.04
19. U12E

. HCO3

1.95027
1.75361
2.45833
4.29388
6.29332
2 .96638
5.17888
9:50553
9.65303
3.22860
3.52360
3:22860
6.52276
0.95055
2.24527
2:24527
0.44250
0.43103
0.37367
1.08986
1.06855
0.78830
0.83911
0.57i97
1.78638
0.96530
0.60967
0.91450
1.40944
1.72083
1.83555

-1.90111
1.22425
1.75361
2.29000
2.85000
3.39000
3.62000
0.87000
2,25000
0:92000
1.08000
0.82000
2.44000
2.23000
1.46000
1.61000
2.18000
1.85000.
2.15000
2.00000
0.79000
0.87000

SAS'

PH

8.50000
8.10000
7.00000
8.00000
8.20000
7.90000
8.10000
7.30000
7.60000
7.70000
7.80000
7.80000

7.960000
7.60000
7.70000
7'.70000
7.60000
7.20000
7.50000
7.60000
7.60000
7.80000
7:70000'
7.80000
8.20000
7.90000
7.80000
7.90000
7.90000
8.10000
8.10000
8.00000
7.80000
7'90000
8.00000
7.60000
8.30000
8.20000
8.04000
7.31000
6:90000
7.00000
7.50000
7.50000

7.18000.
7.40000
7.40000
7.30000
7.60000
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SITE

20. UI2E
21. UI2E.04
22. Ui2E.03
23. Ui2E 
24. U12E.02
25. Ui2E.05
26. U12E.03~--
27. UI2E 03 i 
28. U12E.03
29. U12E.07
30. U12E
31. MI2E
32. Ui2E
33. Ui2E-,; .
34. U'28
35. U 128'3
36. U12. 4
SEEP .- U12T-
SEEP 2. U12NW.3
SEEP 3Ul2N.O5-
SEEP 4. U12N.03 '1-
LYSTMETER i. U1IN05
LYSIMETER 2,( U12WO05
LYSIMETER 3.-'i 2N.05
LYSIMETER 4. U2N'05
LYSIMETER 5.:`Ul2N.O5
LYSIMETER 6. SURF-SOIL
LYSIMETER .7.SURFSOIL
LYSIMETER 9.SURF SOIL
ANAL 2589. TUNNEL UI2B. E
ANAL 219 .TUNNEL'Ui2B. 0
ANAL 213.0'TUNNEL E. 0
ANAL 3260.'TUNNEL ME. 
ANAL 3541. TUNNEL UE. 

2, U 1.3 '3

SAS'

HCO3 -

0.9300
0.8800
1. 1500
0.9200
0.9800
1.0500
1.3400
1.3400
1.3800
2.0000
1.6100
1.7700
2.0000
2.1000
1.2100
0.7900
0.9800
2.4747
1.8192
2.6878
1.7536
10.7347
2.7205
3.1794
2.7205
0.9047-

1.7208
3.0483
1.2128
0.7867
0.9833 -
0.7867
0.8686
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PMCPH DEL
C13

7.00000
6.90000
7.10000
7.80000
7.40000
7.40000 '
7.50000
8.00000
7.50000
7.40000
8.00000
6.80000

7.90000
7.00000
7.60000'-
6.90000
7.50000
7.90000 '
6.80000 ''
6.80000
7.20000 :
6.60000 ' "
6.80000
6.80000
6.80000 -:

7.10000

7.10000 -'
7.30000:
7.60000
7.60000
7.40000
7.30000
7.60000

' I ' '

, . . 1

4 I

. I

-A
0



__
0) SITE

WELL'J-12'
WELL Uj--13

-WELL UE-25B11-
WELL UE-25B#1 "
WELLUE-258N1
WELL UE-25CN1I'
WELL UE-25C#2-1
WELL' UE-25C#3
-WELL UE-25PSl
WELL UE-25PS1
UELL UC-29A#2
WELL UE-29A#2
WELL-USW G-4
WELL USW H-1
WELL USW H-1
WELL USW H-3
WELL USW H-4
WELL USW H-5
WELL USW H-5
WELL USW H-6
WELL USW H-6
WELL USW H-6
WELL USW VH-1
WELL USW VH-1
WELL USW VH-1
3. 15S/49E-220C
4. 16S/49E-5ACC
5. 16S/49E-8ABB
6. 16S/49E-8ACC
7. 16S/49E-9CDA
8, 16S/49E-9DCC
9.,16S/49E-I8DC
10. 16S/49E-16CCC
II. 16S/49E-19OAA
12 AIS/48E-24AAA
13. 1S/48E-25AA
14. 165/48E-36AAA
15, 17S/48E-IAB
16, 17S/49E-7BB
17. 17S/49E-9AA
18, 175/49E-800B
19. 17S/49E-15880
64. WELL 8. NTS
20. 17S/49E-35DD, ASH TR
21. 16S/49E-23AD0
23. 16S/48E-15AAA
25.16S/48E-IOCBA
27. 16S/50E-78CD
29. 16S/49E-15AAA
30. 165/49E-36AAA
45. 16S/48E-8BBA
46, 16S/48E-7BBA
47. 16S/48E-7CBC

SAS

DEL
D

-97.50
-97.50
-99.50

-101.00
-99.50

-102.00
-100.00
-103.00
--106.00
-106.00
-93.50
-93.00

-103.00
-103.00
-101.00

-104.00
-102.00
-102.00
-106.00
-105.00
-107.00

-108.00
-102.00
-103.00
-99.50

-103.00
-102.00
-97.50

- 101.00

-102.00
-98.50

-104.00
-104.00
-105.00
-102.00

-104.00
-102.00
-99.00

-103.00
-102.00
-105.00
-105.00
-104.00

-102.00

DEL
018

-12.800
-13.000
- 13.400
- 13.400
-13.500
-13.500
-13.400
-13.500
--13.500
-13.800
- 12.a8o
-12.800
-13.800

13. 500
-13.900

'-14.000
-13.600
-13.600
-13.800
-14.000
-14.000

- 14.200
-12.800
-13.200
- 13.200

-13.400
-12.600
--13.200
-13.100

-13.000
-12.600
-13.000
-12.700
-12.800
-13.000

-13.000
- 12.400
-13.200
-13.400
-13.400
-13.800
-13.800
- 13.700

-13.100
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5.70000
1.80000

1.60000

1.30000
5.40000
5.60000
6.40000

-0. 10000
5.80000
6.30000

5.90000

.,

.,



SITES

48. 16S/48E-iBBC
49. i6S/48E-17CCC
50. 16S/48E-ISDAD'
51. 16S/48E-8CDA.,.-
52, 16S/48E-i7ABB
62. WHITEROCKSPRING
68. BUTTE SPRING
70. OAK SPRING .
71. TOPOPA- SPRING
1. IOS/47E-i4BAB
2. tOS/47E-27C8A
3. iOS/47E-3IAAB-,-,-.
4, ,S/47E-32DDA, ,
5. i0S/47E-33AAB.%.,
6, IOS/47E-138CC
7. lIS/46E726B8B-
4. 10S/46E-26BCC
9. 11IS/47E 3C08 4
10. I11S/47E-4CAD 
50. 16S/47E-IOCAA
12. 16S/47E-IOBCC

14. IIS/47E-16BDC
15. jiIS/47E-iBACD
16. 16S/47E-2iABB
17. ,tIS/47E-21D8B,
18. lIS/47E-21AA-
19, IIS/47E-21ABA
20. 1S/47E-27CBA:- -
21. IIS/47E-28AAC
22. 1S/47E-28DAC
23 1S/47E-33BAC
24. I1S/47E-IOCCB
25. 12S/47E-CDA
26. 12S/47E-6CC .
27. 12S/47E-7DBD
28. 12S/47E-20B
29, 12S/47E-iOADC
18,. 12S/47E-20
198. 12S/47E-20
201., 12S/47E-20
21,: 12S/47E-20
228 12S/47E-20
WELL UE-9-1
WELL UE-19C
WELL UE-190
WELL UE-1E
WELL UE-19E
WELL UE-19GS
WELL UE-19GS

01 WELL U-20A-2
WELL U-20A-2
WELL UF-200

WELL U-9

SAS

DEL
D

-104.00

- 112.50
-110.50
-102.00
-102.00
-108.00
-102.00

-107.50

-110.00

-108.50

-108.00
-109.00

-108.00
-102.00
-107.50
-106.00
-104.00
-105.00
-101.00
-102.00
-102.00
-104.00

-113.50
-113.50
-114.00
-114.00

DEL
018

-13.600

-14.520
-14.320
- 13.390
- 13.390
- t4.020
-13.420

-14.020

-13.980

-14.090
-14.140

-14.090
-13.300
-13.880
-13.570
-13.300
- 13.400
- 13.800
- 13.400
-13.400
-13.100

- 14.5d0
-14.500
-14.750
-14.750
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-4
:SITE

WELL UE-726E-i
WELL UE-20H,

..;WELL UE-20J
WELL ARMY -I
WELL 5A
WELL.56
WELL .5C
WELL* C
WELL.,C-I,
WELL 3
WELL.A-
WELL 2
WELL UE-15D
UE12T#3-5.,134.4(M)
UE12T3-6, 169.6(M)
UE12TN3-7..199.2(M)
UE12T#3-8s. *202.4(M)
UE12T#3-9. 257.6(M)
UEI2T#3- 10. :260.0(M)
UE12T#3-II._441.4(M)
UEI2T#3i12. .442.4(M)
UEL2T#3-13 ;291.4(M)
UEL2TA3- 4.,320.3(M)
UEL2TU3-15..320.6(M)
UE12T#3-16. 321.3(M)
UE12T#317..350.8(M)
UE12T#3-18. 411.2(M)
UE12TI3-19, 470.6(M)
UE12T#3-20_472.4(M)
UE12T#3-21, 501.7(M)
UE12TI3722. 503.2(M)
UEi2T#3-23. 532.8(M)
RML ..IA. ,SURFACE
RML 4.11.2SURFACE
1. Ui2N.05 BYPASS
2. U 12N. 05,.4.
3 U2N.054
4. Ui2N MAIN?"
5. U2N.07.'BYPASS
6. U12N.02,5
7. U12T.02- BYPASS
8. U12T.02, .8
9. U2T.02 BYPASS
10, U12T MAIN
11 U12T.03
12. U12T.03
S. U12T.04
14. U12T.03
I7. U12T.03
16. Ui2T.03
17. U12E.07
18. U12E.04
19. U12E

SAS

DEL
D
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.



SITE

20" U12E',
21:.U12E04-
22. U12E.03-
23.\ U2 E'
24. U2E 02
.25. Ul2E.05
'26. U12E.03
27.' U2E.03
28.Ut2E 03
29.:Ui2E07
3.'. U i2 E
3 1. UI 2 E

3 2 \ i E

-V33."'Ui2E:
341 0U12B
135. U128.03
36.U12E.4
SEEP .'U2T
'SEEP 2.!UI2N.O3
SEEP 3..U02N.05
SEEP 4.. U2N.03

'iLYSIMETER i. Ui2N.05
7,LYSIMETER 2. U2N.05
2 ULYSI2ETER 3. U2N.05
LYSIMETER 4. U2N.05
LYSIMETER 5. Ui2N.5
LYSIMETER 6. SURF SOIL
LYSIMETER 7. SURF SOIL
LYSIMETER 9. SURF SOIL
ANAL,2589. TUNNEL UU21. E
ANAL2819. TUNNEL UU21. E
ANAL 2913. TUNNEL Ui2E. 0
ANAL 3260. TUNNEL U2E. 0
ANAL3541. TUNNEL U2E. M

N6, 193

-SAS

DEL
D

OEL
0s8

.,

;

: :

i' q

.

.

. .

, - . . .

. .. .

. .

. , .

.. . ....

: . . -,.:
. . ..

.. . ..

f . .
.

:; .. ..

.::

:- '.

. , \ .

, .. .

, .

..

.|

.. .

-, .

. * .

t .

.S

... . ..

.
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.;. - ,,.
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-A
CD SITE

SAS

LOG(C02
PRESS)

CALCITE LOG(O/K)

WELL -sJ- 12
WELL J-13
WELL UE-258#1
WELL UE-25BS1
WELL UE-25B1 .
WELL UE-25C1 :
WELL UE-25C#2
WELL!UE-25C#3
WELL UE-25P#l
WELLCUE-25P11 Y
WELL UE-29A#2
YEL: UE-29A,.2 --
WELL USW G-4
WELLsUSW H-1 * *
WELLUSW.H-1 
WELL USW H-3
WELL USW H-4 -
WELL.USW H-5-8;
WELL USW H-S>! :
WELL USW H-6
WELL USW H-6
WELL USWiH-6
WELL USWiVH-l
WELL USW Vi1-1
WELL USW:VH-1
3. 15S/49E-22DC
4. 16S/49E-5ACC
5. 16S/49E-8ABB
6. 16S/49E-BACC
7. 165/49E-9CDA
8. 16S/49E-9DCC
9. 16S/49E-18DC
10. 16S/49E-16CCC
II. .16S/49E-19DAA
12, 16S/48E-24AAA
13. 16S/48E-25AA
14. 16S/48E-36AAA
15. 17S/48E-IAB
16. 17S/49E-7BB
17. 17S/49E-9AA
18, 17S/49E-SDDB
19. 17S/49E-15BBD
64. WELL 8. NTS
20. 17S/49E-35DDD. ASH TR
21, 16S/49E-23ADD
23, t6S/48E-15AAA
25, 16S/48E-IOCBA
27, 16S/50E-7BCD
29. 16S/49E-15AAA
30, 16S/49E-36AAA
45. 16S/48E-8BBA
46, 16S/48E-78BA
47, 16S/48E-7CBC

-2.0736
-2.1153
-1.8502
-2.3100
-1.9533
-2.3302
-2.4698
-2.4737
- 1.3322
-0.7946
-2.2 186
-2. w 3S
-2.5041
-2.5995
-2.3714
-3.8009
-2. 1323
-2.6335
-2.7364
-2.7673
-2.8650
-2.8645
-2.6269
-2.2421
-2.2498
-2.6300
-3.0300
-2.3300

-3.0400
-2.9600
-2.7700
-3.0800
-2.9200
-2.9400
-3.2900
-3.0300
-3.1300

-3.2800
-3. 0700

-2.4700
-2.0600
-2.3700

-0.9720
-0.8480
-0.5670
-0.2660
-0. 67 0
-0.2400
-0. 1470
-0. 1860
-0.3450

. 0. 1910
-1.0740
-1.3350
-0. 1790
-0.7400
-0.7620
0. 0880
-0. 3 130
*0.9270
-0.8170
-0.1570
-0.3090
0. 1790

-0.0110
-0.4610
-0.4710
0.0800
0.4500
-0.2100

0.3200
0.3000
0.1600
0.4300
0.2500
0. 1900
0.4600
0.2700
0.5GOO

0.4600
0. 1900

0.6800
0.0600
0.3000
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DOLOMITE
LOG(Q/K)

-1.6260
-1.2880
-1.3520
-0.7960
-1.5390
-0.7640
-0.5500
-0.5880
-0.0130
1.2930

-2.7150
-3.0750
-0.9780
-2.2570
-2.4300
-0.2340
-1.2070
-2.9340
-3.0450
-0.7630
-1.2260
-0.2560
0.3370
-0.5500
-0.5660
0.1500
0.9100
-0.3600

0.8300
0.8700
0.2600
0.7100
0.2500
0.1200
1.1200
0.5600
1.1100

0.7800

1.5400
0.5300
1.2800



I
W 

SITE

48, 16S/4BE18BCC
,49, 16S/48E-17CCC
O 16S/48E-18DAD

51,' 6S/48E:8CDA
52. 16S/48E-17ABB
62. WHITEROCK SPRING
.68.'BUTTE SPRING
70 OAK SPRING...
71. TOPOPAH SPRING
1. OS/47E-i4BAB
2...10S/47E-27CBA,
3.. 10S/47E-31AAB '1
4.:iOS/47E-32DDA'
5, 10S/47E-33AAB;
6, 10S/47E-30DCC'
.17.11S/46E-26BBB'
8'10S/46E-26BCC'
9. 11S/47E-3CDB .
10',11S/47E-4CAD'
11'',11S/47E-iOCAA
.12, lS/47E-1OBCC
.13, 1iS/47E-16DCD
14','1S/47E-,16BDC;
15 .11S/47E;1BACD'

'16. 11S/47E-21ACC,
17' 11S/47E-21DBB

,-As 011S/47E-21ABA,
19.1S/47E-21ABA;
20., IIS/47E-27CBA,
21.',IiS/47E-28AAC
22. 1S/47E-28DAC
23. IIS/47E-338AC

.24. 11S/47E-10CCB
25. 12S/47E-5CDA
.26. 12S/47E-6CDD
.27. 12S/47E- 7DBD
.28. 12S/47E-20BBB
29. 12S/47E-19ADC
,18B ,125/47E-20
198. 12S/47E-20
20B' 12S/47E-20
21B.':12S/47E-20
226. 12S/47E-20
WELL UE-198-1
WELL UE-19C
WELL UE-19D
WELL UE-19E
WELL UE-19E
WELL UE-19GS
WELL UE-19GS
WELL U-20A-2
WELL U-20A-2
WELL UE-20D

SAS

LOG(C02
PRESS)

-2.5900
-2.3600
-2.3600
-2.2400
- 1 9900

-2.7800

-2. 1700

-2. 970
-2. 1900

-2.1300

-2. 1R0,

-3.500

-2.6400

-2.2900

2. 2300
-2.200
-2.1900
-3.2300

-3.0100

-2.6800

-2 5800

CALCITE L05(0/K)

0.7000
0.4200
0.3400
0.2300
0.1800

-0.0420

0.1240

0.2690
0. 1970

0. 2720

,-O. 1230

.1230

0. 3090

0. 2690

-0.2830
0. 3520
1.0540

-0. 4390

-0.3400

-0.7460

-0.5320
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DOLOMITE
LOG(O/K)

1.8600
1.2100
1.0400
0.7600
0.6200

-0.3880

0.6260

0. 4540
0.7460

0.8320

..4330

30630

0.8930

0.7790

-0. 4050
-0. 23 10
2.0050
-. 2620 

-0.8970

-2. 360

-1. 4760

a0



C-0o

'' '1 I ... '. '

SITEr

WELL UE-20E- 
WELL UE-20H''
WELL UE-20J
WELL.ARMY- "'
WELL 5A
WELL 58''.- '
WELL 5C
WELL C"
WELL C-1I'' -
WELL 3'
WELL A:
WELL 2, ,
WELL UE-15D0'
UE12T#3-5;A1344(M)
UE12T#3-6.'169.6(M)
UE12T3- 7 .199.2(M)
UE12T#3-8. 202.4(M)
UE12TN3-9. 257.6(M)
UE12T#3-10. 260.0(M)
UEI2T#3- 11. 441:4(M)
UE12T#3-12. 442;4(M)
UE12T#3-13;'291.4(M)
UE12TN3- 14.'320.3(M)
UE12TN3- 15'. 320.6(M)
UE12T#3-16;'321:3(M)
UE12TN3-17. 350.8(M)
UE12T#3-;18. 411.2(M)
UE12T#3-19. 470.6(M)
UE12T#3-20,' 472.4(M)
UE12TI3-21. 501.7(M)
UE12T#3722. 503:2(M)
UE12TN3-23; 532:8(M)
RML IA, SURFACE '
RML 1B, SURFACE .
1, U12N.05 BYPASS'
2.,U12N05'
3 U12N.05
4 ,U12N',MAIN'
5, U12N;07'BYPASS
6. U12N.02.-
7, U2T.02'BYPASS
8, U12T.02''-
9, U12T.02 BYPASS
10. U12T MAIN
11. U12T.03
12. U12T.03
13, U12T.04
14. U12T.03
15. U12T.03
16. U12T.03
17. U12E.07
18. U12E.04.
19, U12E

SAS

LOG(CO2' CALCITE LOG(Q/K)
PRESS)-

-3.3800 -1.3200
-3.0300 -1.2700
-1.8200 -0.4280
-2.5730 0.7790
-2.6480 -0.1780
-2.6600 -0.3260
-2.6190' -0.7460'
-1.5270 0.6410
-1.7980 0.9540
-2.4510 -0.0890
-2.4780 0.1650
-2.460 0.4000
-2.2750 0.9840
-2.8500 -0.8600
-2.5900 -0.0600
-2.5900' -0.1200'
-3.1900 -1.0200
-2.8300 -1.5000
-3.1700 -1.0600-
-2.8000 -0.9300
-2.8100 -0.8700
-3.1300 -0.8700
-3.0100 -0.9100
-3.2700 -0.6900
-3.1800 0.3700
-3.1400 -0.5100
-3.2400 -1.1300
-3.1600 -2.2900
-2.9700 -2.1300
-3.0800 -0.8100
-3.0600' -0.8700
-2.9400 -1.2200
-2.9300 -0.5700
-2.8800 -0.3000-'
-2.8600 -0.2600
-2.3800 -0.4900
-3.0000 0.5000

-2.2100 -0.9800
-2.2400 -3.0300
-2.2500 -2.3700'

-2.3500 -1.7100

-2.1800 -1.1000

-2.3500 -0.5600

-2.8900 -1.3500

14:50

DOLOMITE
LOG(O/K)

-1-.7570

-2. 1430
-1.2140
2.4360
-0.0490
-0.0140
-0.7470
2.1080
2.7580
0;7720-
1.0230
., .0

2.6280
-1.'1600-
0.4400
0.3400f
-1.5200
-2.3800
-1.5400
-1. 8300
-1.6500
-1. 1900
-1.4200
- 1.1500
1.0800

-0.6500
-1.9600
-4.0600
-3.4800
-1.6500
-1.7200
-2.6800
-0.6500
0.0030
-0.5500
-1.1200

1.1100

-2.3000

-4.3200

-2.8000

-1.8800

-0.6200
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SITE

. . * '' '-

22. *U2E.03 .
23.: U 2E
24. 'U2E:02
25.J~i2E.0 .
26.: U i 2E.03'-
27. 2E2.3'-'
2a. Ui2E.03 
29. U2E.07-
30.' U 2 E
3. U12E'-'
32' Ui2E
33.'U12E
34. U128 -
35. UI2E.03'-
36 -12E.04-
SEEP '. U2T
SEEP 2. U12N.03
SEEP 3.U12N.05
SEEP 4 Ui2N.03
LYSIMETER 1.'U12N.05
LYSIMETER 2.:Ui2N.05
LYSIMETER 3, U2N.05
3'YSIMETER 4.'U2N.O5
LYSMETER5.U2N. 5
LYSIMETER-6,'SURF SOIL
LYSIMETER 7.'SURF SOIL
LYSIMETER 9'SURF SOIL
ANAL 2589,'TUNNEL U12M E
ANAL 2819.' TUNNEL U12B. 0
ANAL 2913. TUNNEL U12E. D
ANAL 3260. TUNNEL U12E. D
ANAL 3541. TUNNEL U12E M

N-' 193

SAS _.,

LOG(Co2
PRESS)

-2.3100

-2.6200

-2.5900 '
-2.3400-

-1.88001-1

-2.7500
-2.3100

-2.7900i-
- 1.9220-:
- 1.7510. 
-2.2330:-
-1.0400 't
-1.7480-
-1.6850-
-1.7450
-2.4390 .

. -.1 , .

-2.2300
-2.1340
-2.7500
-2.3100
-2.6900;'
-2.6500' .
-2.9400

CALCITE LOG(0/K)

-2.1200

-1.6600

-1.6200
-0.5600

-1.9200

-0.6700
-i.7400

-I; 2860
-2.2950
:1.6310
-2.3430
-0.7740
-1.9480
-1:7530
-1.9490
-3.2950

-1.4990
-0.5120
-0.6700
-1.7500
.-1.7900
-2;9500
-1.6400
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DOLOMITE
LOG(O/K)

-0. 7700

-1.3300
-3.1800

--4.4750
-3.8290
-4.2740
- 1.9180
-4.1930
,4.0190
-4.2550
,-5.6200

-2.4780
-0.5360
-1.0400
-3.1700

-A
0o



-A

-J SITE

WELL U- 12
WELL J-13
WELL UE-25BN1- L 
WELL UE 25BI#.'
WELL.UE-25B#112:.
WELL> UE- 25C#I-;
WELLCUE-25C#22-.'
WELL UE-25C#3; -)
WELL UE-25P#1 - ,
WELL UE-25PN16
WELL UE-29A#2 
WELL UE-29A#2:.'
WELL USW;G-4'
WELL USW H-I
WELL USW H-1
WELL USW H-3
WELL USW H-4
WELL'USW H-5
WELL{USW H-5
WELL-USW H-6
WELLUSW H-6
WELL USW H-6
WELL USW VH-1
*WELL'USW VH-1
WELL USW VH-1
3. 15S/49E-22DC
4, 16S/49E-5ACC
5. 165/49E-8ABB
6. 16S/49E-8ACC
7, 165/49E-9CDA
8; 16S/49E-9DCC
9. 16S/49E-18DC
10, 165/49E-16CCC
11. 165/49E-19DAA
12. 16S/48E-24AAA
13, 165/48E-25AA
14. 16S/48E-36AAA
15. 17S/48E-IAB
16. 17S/49E-7BB
17. 17S/49E-9AA
18. 17S/49E-8DDB
19. 17S/49E-158BD
64. WELL 8. NTS
20. 17S/49E-35DDD. ASH TR
21. 16S/49E-23ADD
23. 16S/48E-15AAA
25. 16S/48E-IOCBA
27. 165/5OE-7BCD
29. 16S/49E-15AAA
30. 16S/49E-36AAA
45. 16S/48E-8BBA
46. 16S/48E-7BBA
47. 16S/48E-7CBC

SAS

GYPSUM LOG(O/K)

-2.5070
-2.6820
-2.3720
-2.4390
-2.4290
-2.6000
-2.5800
-2.6150
-1.9880
-1.1550
-2 .6350
-2.6500
-2.6130
-3.0600
-2.9020
-3.7920
-2.3960
-3.4860
-3.4660
-2.9600
-3.4990
-2.8880
-2.3720
-2.3970
-2.4080
-2.1100
-2.1700
-2.1000

-1.8900
-2.2900
-1.8800
-2.1500
-2.3100
-2.3000
-2.4000
-2.3500
-2.1900

-2.2800
-2.1800

-1.2200
-1.2800
-1.3300

MAGNESITE
LOG(0/K)

-2.2710
-2.0330.)
-2.3500.
-2.0950;
-2.4260
-2.0590
-1.9430
-1,9410.
-I. 1870J
-0.3580,
-3. 2690
-3.3830,
-2.36602
-3.0980
-3.2400.
-1.9420
-2.4650
-3.5690
-3.7960i*
-2.1600
-2.4510
-1.9930
-1.2210
-1.6560;
-1.6620.-,
-i.5600
-1.1700
-1.7800

-1.1200
-1.0600
-1.5200
-1.3400
-1.6200
- I. 7000
-0.9700
- 1.3400
-1.0800

-0.9400
-1.0600

-0.7600
-1.1600 -

0.6500

14:50

FLUORITE
LOG(Q/K)

-0.6200
-0.6080
-0.8890
-0.8680
-0.8480
-0.8660
-0.8180
-0.8990
-0.0380
0.3940,

- .3780.
-1.4390. 
-0.5910
-1.6440
-1.6810
-1.2000
0.0380

-1.9180
-1.8880.
-0.5950
-1.2670
-0.5570
-0.6380
-0.6760
-0.6780
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SITE

48. '16S/4SE- BCC
49~ 6S/48E-17CCC
50. .16S/48E-ISDAD
51. :16S/48E.8CDA
~52-. 16S/48E-17AB6
62.WHITERDCK SPRING
68.:BUTTE SPRING
70. OAK'SPRING
71.' TOPOPAHSPRlNG
4 81S/47E-148BA
2. iOS/47E-27CBA
3.-`i0S/47E-3 AAB3'1'
:4' 10S/47E-32D0A
5. 1S/47E-33AADi
~6. 1OS/47E-3ODCC ''-
'7.'i1S/46E-26BBB8 
5.1'1S/46E-268CC
~9 ~'tIS/47E-3CDB
:02,'16S/47E-4CAD
6 WH'TS/47ECCAAI
12. it1S/47E-ioBCC ".
13. '11S/47E-i6DCD'

`14. -tiS/47E-i6BDC
15 1S/47E-148ACD
16 1S/47E-2AC
37 1S/47E-21DBl8
;S. 1S/47E-32DABA:
19, 1S/47E-2IABA'
20 1S/47E-27CCA'
21.-11S/47E-28AAC
22, 1S/47E-28DAC
23. 11tS/47E-33BAC
24 11S/47E-iOCCB
25. 12S/47E-SCDA
26. 12S/47E-6CDD
27 12S/47E-7BD
28.. l2S/47C-2BBB
29 12S/47E-19ADC
'188 '125/47E-20
198. .125/47E-20
208. 12S/47E-20
218. 2S/47E-20
228. 15/47E-20
WELL 1E-9B-I
WELL UE-19C
WELL UE-19D
WELL UE-19E
WELL UE-19E
WELL UE-19GS
WELL UE-19GS
WELL U-20A-2
WELL U-20A-2
WELL UE-200

SAS

GYPSUM LOG(Q/K)

-1.2600
-1.1100
-1.2700
-1.3200
-1.2400

-2.3580

-1. 7210

-1 9560
-1.7120

-1.9880

--2.i460

-1.6800

-1.5720

-2.3340
-4.9970

'-1i7300
-3. 1800

-2 .9480

-2. 7700

-2.7570

MAGNESITE
t.OG(Q/K)

0.4700
0.8400
-0.9300
-1. 1100
-1.2000

-1.9510

:1.1450

1.4560
-1;1050

- 1.0300

-1.8480

0.2670

.4

; I,

- 1.7210
-2. 1760
-0:6220
-2. 3930

-2.0900

-3.0090

-2. :4870
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FLUORITE
LOG(Q/K)

-0.4430

-0.3020

-0.3630
0. 3050

0.2720

0.0030

-0.0030

-1.8310

0.4500

-0. 0740

0.4780
-0.4460

-1.1790

-0.7560

-1.0410



-A SITE

WELL UE-20E-1
WELL UE-20H
WELL UE 20J
WELL ARMY-I-
WELL 5A
WELL 5B.
WELL SC '! .

WELL C'
WELL C I,'
WELL 3
WELL A
WELL 2 
WELL UE -15D':
UE12T#3:-5-l 134.4(M)
UE12T3-6. 169.6(M)
UE2T#3-7, 199.2(A)
UE12T#3-8. :202.4(M)
UEI2T3L9. 257'6(M)
UE2T ,0;. 26O.O(M)
UEJ2TiV3-1II.,44I1:4(M)
UE12T3-~ 12. 442.4(M)
UE12T3-13. 2914(M)
UEI2T3-24.320.3(M)
UE12TN3- 15'. 320.6(M)
UE I2r#3-L6.i321.3(M)'
UE12T#3-17. 350.8(M)
UEI2T#3-18 4.2(M)
UE I2TV3- 19. 470!6(M)
UEL2T#3-20. 472.4(M)
UE 12T#3-21 * 501.7(M)
UEL2T3-22. 503.2(M)
UEi2T 3-23 532.8(M)
RML IA.,SURFACE
RML IB.K .SURFACE
I. U2N.05 BYPASS"
2. UI2N.5- '
3. Ui2N.5 - -
4.UL2N MAIN ''
5. U2N.07 BYPASS
6. U 12N.02z (
7. U -2T .029BYPASS
8, 12T.02 (
9. U12T.02 BYPASS
10. U12T MAIN
II. U 22T.03
12. Ui2T.03
13. U12'.04
14. U12T.03
15. U12T.03
16. U12T.03
17. U 42E.07
18. U12E.04
19. U -2E 4.(

SAS ,

GYPSUM LOG(O/K)'

-4.1090
-3.7350
-1.4180
-1.8260
-3.2610
-2.5090
-3'72 10
-1.6130
-1.6340
-2.5080.
-2.5120
-2.2810
-1.8280
-2 6200~
-2.0900
-2.1000
-2.1700
-2.2200
-1.8100'
-2.3300
-2.0900
-2.7200
-2.3800
-2.1100
-1.9300
-2.1600
-2.6900
-4.3100
-4.1500
-3.1600
-3.2600'
-3.4400
-2.7600
-2.5200
-3.3500
-2.8900
-2.4300

-3.1700'

-3.9400

-2.8200

-2.6000

-3.2900

MAGNESITE
LOG(Q/K)

-2.0200
-2.4590
-2.3350
0.0640
-1.5110
-1.3170
-1.6330
-0.0930
0.2510
-0.7890
-0.7620
-0.3250
0.0710
-1.9200
-1.1300
-1.1300
-2.1300
-2.5200
-2 1100
-2.5300
-2.4000
- 1.9500
-2.1400
-2.1000
-0.9200
-1.7700
-2.4600
-3.3900
-2.9700
-2.4700
-2.4800
-2.6700
-1.7100
-1.3300
-1.9200
-2.2600
-1.0300

-2.9500

-3.5700'

-2.2700

-2.4000

-1 6800

14:50

FLUORITE
LOG(O/K)

0 .,

-1.9030
-1. 8280
-0.3290
-0.9490
-1.3180

-1.9180
-2.6520
-0.7900
-0.9050
-1.2170
-1.5790
-1.8640
-0.6110

lHURSDAY. MAY 29. 1986 35

II



.

SITE

21. Ui2E.O4
22. U12E.03 
23. U12E,-'
24. UI2E.02
25. U12E-.05
25. U12E.037
27. U12E.03 
28. UI2E.03,
29. UI2E.07 -
30. UI2E
31. U I2E;
32. U12E,.
33. U12E"
34. UI12B.
35 UI2B.03
36. U12.04
SEEP-1. U12T,
SEEP,2. U2N.03
SEEP 3. U2N.05-
SEEP-4. U2N.03'
LYSIMETER . Ui2N.05
LYSIMETER 2. UI2N.05
LYSIMETER 3. Uf2N.O5
LYSIMETER 4.:Ui2N.05
LYSIMETER 5.IU12N.05
LYSIMETER 6.' SURF SOIL
LYSIMETER 7;' SURF SOIL -

LYSIMETER 9.~ SURF SOIL
ANAL 2589. TUNNEL U120. E
ANAL:28 19. TUNNEL U128. 0a
ANAL-2913. TUNNEL U12E. 0D'
ANAL'3260. TUNNEL Ui2E. D
ANAL,-3541. TUNNEL U12E. P4

*N- 193

SAS

GYPSUM LOG(O/K)

-3.760 0

-3.4700

-3.6600
'-2.6000

**-3;-1900

2.7706

-3.600

1-3.3700
-2. 7030
--3. 8900'
-3.4720

-4.0940

--3.5200
'I -5. 1980

3.7120
-2. 5950
-2.7600
-3.0200
3.4900
-4.7800.
-3.4800

MAGNESITE
LOG(Q/K)

1 8300,

--2.2900
-3060O0

-4.1360
-3.8790
-3.5870-
-2.8410
'3.9300 :
-3.9540.
-3.9890
73.9920

-2.7080
-1.7180
-2.0000
--3.0600

14:50 THURSDAY.

FLUORITE

LOG(Q/K)

3.2400' 
~2.7500' * -
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APPENDIX B

IMPORTANCE OF RADIONUCLIDE TRANSPORT
BY PARTICULATES ENTRAINED IN FLOWING GROUNDWATERS

Allen Ogard

INTRODUCTION

The Nevada Nuclear Waste Storage Investigations Project of the US

Department of Energy is studying the suitability of Yucca Mountain (Nye

County, Southern Nevada) as a potential repository for high-level-nuclear

waste. The possibility that flowing groundwaters in this area might transport

potentially hazardous radionuclides or other harmful elements (both hereafter

referred to as waste elements) from a waste repository to the accessible

environment requires careful evaluation, and a considerable amount of study is

currently being devoted to understanding this potential problem. Leached

waste elements could potentially migrate as dissolved species with the

groundwater;: but_it is also conceivable that particulates (perhaps small

mineral fragments From tuffs) or natural colloids (thatlis, iron hydroxide)

moving with the groundwaters could strongly sorb various waste species and

transport these elements through fractures or open matrix porosity. The

intent of this appendix is to qualitatively assess the potential of any

particulates that. may b'e entrained in flowing groundwaters to transport

important quantities of sorbed waste elements as these groundwaters migrate

through the Yucca Mountain environment.

EXPERIMENT AND RESULTS

Well J-13 is the closest well to Yucca Mountain from which groundwater is

being routinely pumped, and is located approximately 4 miles to the southeast

of the crest of Yucca Mountain, on the east side of Fortymile Wash. As J-13

may intersect gounidwater flow paths from the candidate repository site to the

accessible environment. water from this well was chosen for particulate content

studies.- Water was dive*rtedfrom the well into-a mobile laboratory containing

filtration equipment at arate 6f approximately'1 %/min. A prefilter which

removes material- arger than 10 pm from the water was positioned upstream from

a large stainless steel One-Sevener Nuclepore Membrane Filter Assembly which

was normally loaded with seven 0.4 pm membrane filters, mounted in parallel.
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Approximately one half of the water discharged from this assembly subsequently

passed through an- Amicon Hollow-Fiber.Filter-system which removes particulates

with diameters greater than -5 nm.

A filtration run was conducted for 14 days, during which time 9300 of

water were..passed through.the..0.4 pm membrane.'filters, and 5300 9. through the

5 nm hollow fiber system. The material collected on the membrane filters was

removed by ultrasonic treatment in a small quantity of Nanopure water, and the

resulting suspensionwas centrifuged at l0,000:'rpm for 20 minutes. The liquid

was then decanted and discarded, and the sediment was washed with ethyl

alcohol and allowed to dry in air. A total of 0.25 g of solid material was

thus obtained which; when divided by.the quantity of water that was.filtered,

* corresponds' to.a sediment concentration of.27.x 107.g/ .This particulate

fraction was dissolved In:a mixture-of HNO3; HCl and HF acids,.and the

solution was then diluted and analyzed. The particulates collected by the

hollow fiber-system-were-removed-by-backflushing.with the minimum amount of

Nanopure water and were subsequently analyzed in solution. It was.calculated

from.the concentrations of.species intthe two solutions that-the amount of

.material in the smaller-size-particulate fraction was only'about 1% that in

the- larger-size fraction;.- . , ', ,

Both solutions were analyzed formcation composition by means.of emission

,spectroscopy. The detectable cations in the >.'4 pmfraction:were (in wt%)

Si(60),-Fe(20);-Ca(ll)-and Al(4), while analysisjof the smaller-sized fraction

-gave.somewhat different-results: 'Na(44), Si(42),:Ca(8),'and'Fe(4), with no

detectable Al. Because the.amount of Fe in.the Yucca.Mountain-tuffs and

groundwaters s very ow;,-it:is possible-that.thewiron-rich particulates (and

perhaps others) could have'been contamination from the-steel'piping and

pumping systems. However, as we-wishto make a conservitiveassessment of the

importance of particulates-in waste element transport, wetwill assume that all

recovered particulates are :natural :and were originally entrained; in-the

groundwater,:pumped from J-13. !,' - f

-DISCUSSION AND CONCLUSIONS . . '' - .

To'assess the Amportance of particulates in the 'transport of waste

elements, weneed to determine the amount-of a'givenrspeciesthat..is sorbed on

Zparticulates','and compare this quantity-to the:amount which is dissolved in

-the groundwater.' Let . .t
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Rd wsorptionratio= moles of.particulate-sorbed species/g of particulate
moles dissolved species/ml of groundwater

(units of mlg]

x , concentration of'species-sorbing particulates in groundwater

(units of g.J

c , concentration of species dissolved in groundwater

[units.of moles/9 -

For the purposes of this simple analysis we will assume the system attains

steady state', and'that'particulate surface area and ground water chemistry

effects, etc. can be neglected. From-the above-then,

R *c
y . moles of particulate-sorbed species/g of particulate d

, and -.

z-- moles of particulate-sorbed species/liter groundwater . yx. -"

Therefore, to determine the relative distribution of waste elements

between sorbed and dissolved species, we needonly-examine-the ratio~z/c,

- which fromabove i-al~so equal to.Rdx/lOOO..

*- .; Figure.B-l is a plot of the sorption ratio, Rd. versus the groundwater

.- :- particulate concentration,'.x', and shows trajectory for-the value of-

z/c-. O...;-This.;value'has been-arbitrarily chosen, and implies that the

-..quantity of species~sorbed-on particulates is only 10% of that dissolved in

-- .the groundwater.- The value of c in groundwater'can range anywhere-from

*essentially-zero to the solubility limit of the species, and as concentrations

are frequently'not knownito better than an order-to magnitude, an additional

contribution of.O%.to the-total waste element concentration because of the

-,.presence of-particulate-sorbed species, should constitute- anegligible source

of error. Examination of Fig. B-l, therefore,-indicates that for any

combination of Rd. and x lying below the zlc 0.1 line (that is,'particulates

-,sorb less-than 10% of the total species),.transport of waste:elements as

.sorbed species on-particulates entrained in flowing groundwater should be of

*:- !-,-little consequence as-.the bulk of the -waste element will be present as

dissolved species. This is actually a very conservative analysis in that we

are assuming that the particulate velocity is essentially equal to the

groundwater velocity. In reality, particulate transport is a strong function
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of size (among other things) and is probably very significantly retarded

relative to the groundwater flux for the bulk of the entrained particulates.

As determined above, the approximate concentration of >0.4 m

particulates in J-13 water was 2.7 x 10 g9Q. _ExaminatIon of Fig. B-1

indicates- that these particulates would have to exhibit a sorption ratio

greater than -4 x 10 mg for the species of interest in order for

particulates to contribute more that 10%to the total waste element flux. The

smaller-sized particulate fraction would have to exhibit sorption ratios

greater than -4 x 108 m/g to have a similar effect. These-sorption ratios

are extremely high and have seldom even been approached in-sorption

experiments using Yucca Mountain tuffs. However, no sorption ratios have ever

been directly determined for the particulates, and it may'be possible that

they would exhibit sorption ratios of this magnitude'or even higher; this is

considered highly unlikely as the'particulates are probably directly derived

from Yucca Mountain tuffs and would be expected to yield similar sorption

ratios. To assess this possibility, additional quantities of particulates

have been collected from J-13, and we.will attempt to experimentally determine

sorption ratios for these materials in the future."-

Considerably more work wouid be needed to quantitatively establish the

.particulate-sorbed contribution to total radionuclide transport. -Particulate

concentrations sorption ratios, relative transpo'rt'velocities, etc., would

need to be-determined-at a number of locations along representative

groundwater flow paths to arrive at a more realistic'assessment of

sorbed-radionuclide fluxes at Yucca Mountain. However, based on the above

analysis, and considering the conservative assumptions employed throughout, it

can probably be safely assumed that the transport of particulate-sorbed

radionuclides by groundwater flow will constitute a negligible component of

the total waste element flux at Yucca Mountain. It is highly probable that

dissolved species or natural colloids will comprise a much more important

component of the overall flux.
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'Fig. 1. 'Relative importince'of particulate-sorbed-vs dissolved.waste
element transport.as a function.of sorption ratio and.
particulate concentration. z/c ,O'.V implies that 10%of the
'total'amount of'waste element present is sorbed, and 90% is
dissolved...
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