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/ inspection only to the staff of the Nuclear Regulatory Commission prior to
the NNWSI Hydrology Briefing, September 20-21, Golden, Colorado.

Also enclosed is a 1ist of these references plus others that have been
made directly available to NRC.
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Background References
for _
NNWSI HYDROLOGY BRIEFING FOR NRC
September 20-21, 1983
Golden, Colorado

(I1tems marked with an asterisk (*) are draft interpretive reports or information
not yet approved by the Geological Survey for release; they will be made available
for inspection only. Items not marked with an asterisk do not require further
approval and are being provided to NRC directly for advance inspection.
Reference items provided in January 1983 are not included in this list.)

Ref.
No.

1. Letter, Dudley to Vieth (8-19-83)--Summary of hydrogeologic conceptual model
and calculations of ground-water flow times.

2. Report--Rush, F. E., Thordarson, William, and Bruckheimer, Laura, 1983,
Geohydrologic and drill-hole data for test well USW H-1, adjacent to Nevada
- Test Site, Nye County, Nevada: U.S. Geological Survey Open-File Report 83-141,
38 p.

3. Report--Scott, R. B., Spengier, R. W., Diehl, S., Lappin, A. R., and
Chornack, M. P., 1983, Geologic character of tuffs in the unsaturated
zone at Yucca Mountain, southern Nevada, in Role of the unsaturated zone
in radioactive and hazardous waste disposal, Mercer, J. K., Roo, P. S. C.,
and ggr;ne, I. W., eds.: Ann Arbor Science Publishers, Ann Arbor, Mich.,
p. 289-335.

4., Report--Waddell, R. K., 1982, Two-dimensional steady-state model of groun&-'
water flow, Nevada Test Site and vicinity, Nevada-California: U.S. Geological
Survey Water-Resources Investigations Report 82-4085, 72 p. '

*5, Manuscript--Draft test proposals (hydrology) for the NNWSI Exploratory Shaft.

\/*6. Manuscript--Bentley, C. B., 1983, Geohydrologic data for well USW G-4, Yucca
Mountain area, Nye County, Nevada: U.S. Geological Survey Open-File Report
(in review).

*7, Manuscript--Bentley, C. B., Robison, J. H., and Spengler, R. W., 1983, Geo-
hydrologic data for well USW H-5, Yucca Mountain area, Nye County, Nevada:
U.S. Geological Survey Open-File Report (in review).

*8. Manuscript--Claassen, H. C., 1983, Sources and mechanisms of recharge for
'ground water in the west-central Amargosa Desert, Nevada--a geochemical
interpretation: U.S. Geological Survey Open-File Report 83-542.

*g, Manuscript--Craig, R. W., Reéd, R. L., and Spengler, R. W., 1983, Geohydrologic
‘data for well USW H-6, Yucca Mountain area, Nye County, Nevada: U.S. Geological -
Survey Open-File Report {in review).
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*11.

*12.

*13.

*14.

*15.

Manuscript--Lobmeyer, D. H., Whitfield, M. S., Jr., Lahoud, R. R., and
Bruckheimer, L., 1983, Geohydrologic data for test well UE-25b#1H, Nevada
Test Site, Nye County, Nevada: U.S. Geological Survey Open-File Report
(in review).

Manuscript--Benson, L. V., Robison, J. H., Blankennagel, R. K., and Ogard, A. E.,
1983, Chemical composition of ground water and the locations of permeable zones
Zn the Yucga Mountain area, Nevada: U.S. Geological Survey Open-File Report

in review),

Manuscript--Rush, F. E., Thordarson, W., and Pyles, D. G., 1983, Results of

‘hydraulic tests in well USW H-1, Nevada Test Site, Nye County, Nevada:

U.S. Geological Survey Water-Resources Investigations Report (in review).

Manuscript--Spaulding, W. G., 1983, Vegetation and climates of the last
45,000 years in the vicinity of the Nevada Test Site, south-central Nevada:
U.S. Geological Survey Open-File Report 83-535, 205 p. (pending U.S.
Geological Survey Professional Paper.)

Manuscript--Thordarson, W., 1983, Geohydrologic data and test results from
well J-13, Nevada Test Site, Nye County, Nevada: U.S. Geological Survey
Water-Resources Investigations Report 83-4171.

Manuscript--Waddell, R. K., Jr., 1983, Geohydrologic and drill-hole data fdr
test wells. UE-29a#1 and UE-2%9a#2, Fortymile Canyon, Nevada Test Site:
U.S. Geological Survey Open-File Report (in review).



August 19, 1983

D. L. Vieth, Director ,

Waste Management Project Office
U.S. Department of Energy
Nevada Operations Office

P.0. Box 14100

Las Vegas, Nevada 89114

Dear Don:

The way that water moves within and is controlled by the geologic
framework is very important to evaluations of Yucca Mountain as a

‘possible repository for nuclear waste. Therefore, for your informa-

tion and to eid in any evaluations, described below is the current
conceptual model of the geohydrologic framework that was favored by
Geological Survey representatives as well as attendees from Sandia
National Laboratories, Lewrence Livermore National Laboratory, and

Los Alamos National Laboratory at e meeting in Las Vegas on July 26,

1983. '

Figure 1 shows the conceptual geologic framework of Yucca Mountain.
Rock units are defined on the basis of their hydrologic properties
rather than geologic origin.

A. Hydrostratigraphy

That portion of the Yucca Mountein site that would contein the
repository consists of the following units in increasing order of
depth. .

1. Surficiel upnits. Densely to moderately welded tuff of the
Tiva Canyon Member of the Paintbrush Tuff forms a caprock of
this portion of Yucca Mountain and dips from S to 8 degrees
eastward, resulting in & relatively planar eastward-sloping
land surfece. Dissection of the caprock by channel erosion
is essentisglly absent at the western (topographically
higher) part of the area, but the planer surface becomes
increasingly dissected eastward. Channel cutting has
removed part of the Tive Canyon Member elong upstream
reaches, end all of the Member along main channels in the
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eastern part of the area. Alluvium and discontinuousg rem-
nants of the Rainier Mesa Member of the Timber Mountain Tuff
overlie dissected portions of the Tiva Canyon outcrop/
subcrop erea. The Tiva Canyon Member is sufficiently frac-~
tured that ground-water movement is considered to occur
through fracture flow; porous flow is presumed to be domi-
nant in the poorly consolidated elluvium and other. surficial
materials. Direct evidence of recharge rates or infiltra-
tion capacities has not been obteined, but the surficisl
materials are considered to be moderetely permeable and ceap-

"able of sccepting recharge at flux rates commensurate with

those estimated by water-budget studies in the southern
Great Basin or with those evident from independent measure-
ments or estimates of flux in the ground-water system. The
surficial units are above the water table.

Upper clastic unit. This unit consists of bedded and non-
welded tuffs of the Pah Canyon and Yucca Mountain Members of
the Paintbrush Tuff. The unit occurs beneath the Tiva Can-
yon Member where it is present end beneath elluvium where
the Tiva Canyon hes been removed by erosion. The tuffs of
this unit are vitric, highly porous, and poorly indurated.
Although specific data are not avsilable, the upper clastic
unit is considered by inspection to have & moderastely high
matrix permeebility and thus not to limit the prevailing
recharge flux; flow is presumed to occur principally through
the matrix pore spece. The unit is above the water table.

Densely welded unit. This unit consists of a thin upper
vitrophyre, & thick centrel zone comprising several densely
welded ash-flow sheets, and a thin lower vitrophyre, all
within the Topopah Spring Member of the Paintbrush Tuff.

The unit is sbove the water table at the proposed repository
location. The matrix of the densely welded unit is very low
in permeability (Ref. 1) but the rock is pervasively frac-
tured. Based on characteristics of cores, fluid losses dur-
ing drilling, end the productivity of wells that penetreate
it beneath the weter table elsewhere, the dénsely welded
unit is presumed to have & high fracture permesbility and
not to limit the prevailing recharge flux.

(The proposed repository at Yucca Mountain is in the
lower half of the densely welded unit. It is reason-
ably expected that the lateral, upper, and lower boun-
daries of the disturbed zone will also be contained
within the unit.)

Lower clastic unit. A series of nonwelded ash-flow, ash-
fall, end reworked tuffs comprises a hydrostratigrephic unit
that includes the lowermost part of the Topopsh Spring Mem-
ber and the tuffs of Calico Hills (informel neme). This
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unit is above the water teble benesth the western part of
the disturbed zone and partly below the water table beneath
the eastern extent of the repository. Nesar: the eastern and
northern boundaries the unit is pervasively zeolitized and
aergillized (Ref. 2), &t the southwestern corner it is vitrie
(Ref. 3).

Both the vitric and zeolitic facies of the unit ere highly
porous, based on avallable measurements of core samples

(Ref. 4); 30 percent by volume is probably a conservatively

low value. Measured values for the saturated hydrsulic con-
ductivity of zeolitic samples from two core holes at Yucca
Mountain comprise & unimodal distribution with e most fre-
quent value of ebout 5 x 10~2 m/yr. Velues for vitriec
samples comprise a bimodal distribution with most frequent
velues of sbout 1 x 10~% m/yr and 1 x 10-1 m/yr. Porous
flow is believed to dominate in the unsaturated zone, where
the value of saturated hydraulic conductivity is greater
than the value of prevailing downward flux,

Older volcanics. Rocks older than thée Calico Hills tuffs
occur partly above the water table beneath the western half
of the disturbed zone and below the water table there and to
the east. Nonwelded to moderately welded tuffs predominate
over thinner intervals of densely welded ash-flow tuff,
bedded esh-fall tuff, and decitic lave and flow breccia.

The rocks are commonly zeolitized and ergillized (Ref. &)
where they have been sampled. Hydraulic testing, (Ref. S)
including flow surveys while pumping, has shown the rocks to
be moderately to highly transmissive with fracture premeabi-
lity domineting. Bulk transmissivity is varieble from place
to place, and flow surveys demonstrate that there is no
clear stratigraphic control on the locations of permeable
zoneg. Hydraulic tests show that en average hydreulic con-
ductivity of 1 m/day characterizes this unit where it is
highly fractured. Although matrix porosities are commonly
in the range of 20 to 30 percent, (Ref. 6) field tests have
not yet been done to determine effective porosity. Assuming
that flow paths will pass through a variety of both highly
end minimally fractured rocks, an effective porosity of 2
percent is selected for computations.

Pre-Tertiery rocks. Carbonate rocks have been encountered
beneath the Tertiary volcanic sequence at a depth of about
1250 m in only one drill hole, UE25p#1l, loceted about 2.5 km
east of the proposed repository. These consist of fractured
and brecciated dolomites of probsble Silurian age. Recent
testing shows that they are highly permeable with fracture

. flow predomineting, but values of hydraulic conductivity and

effective porosity are not available. Geophysical evidence
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(Ref. 7) indicates that Paleozoic rocks are either not pre-
sent beneath Yucés Mountain itself or el#é occur at gresat
depth (> 3,000 m) beneath the thick section of volcanic
rocks.

B. Structural Flowpaths

The area of principal interest, informelly termed the “central
block,” is bounded on the west by s fault, topogrephically expressed
by Solitaerio Cenyon, that significantly offsets the target horizon;
on the north by & probeble fracture zone topogrephically expressed
by Drillhole Wash; on the east by several small faults; snd on the
south by an asrea of closely spaced small faults and frecture zones
(Ref. 8). Minor faults of small displacement also occur within the
central block; hydraulic characteristics of these faults remain to
be determined. ‘

For the purpose of geohydrologic evaluation, it is assumed that
fracture end fault zones are preferentiel pathweys for flow in rocks
that have insufficient matrix permesbility to allow passage of the
prevailing flux under the prevailing hydraulic gradient. It is
further assumed that the repository would be within only the central
block. (Information that is presently available, however, does not
preclude expansion beneath Drillhole Wash to the northern block.)

No multiple-well test data are available (though tests are planned)
to either show the degree of hydraulic continuity and interconnecti-
vity of the fracture and fault zones, or the resultant anisotropy of
bulk transmissivity.-‘ﬂence, the hydraulic conductivity (1 m/day)
chosen (A.4 above) for calculation of ground-water velocity in the
satureted zone to the accessible environment is that determined from
tests (Ref. 9) in Well J-13 east of the site and in UE25b#1, e hole
that penetrates the fracture zone beneath Drillhole Wash; also con-
servative is the assumption that this and other potential pathways
are hydrsulically continuous to the accessible environment along a
straight-line flow path.

C. Recharge

Recharge is estimated by two independent techniques. The first is
derived from perturbstions of the geothermal heat flow by the down-
ward flux of water in the unseturated zone and in the uppermost sat-
urated zone. Calculations published to date (Ref. 10) indicate s
Darcian flux of 1-10 mm/yr. Further analyses that are underway
indicate that the upper limit will probably be adjusted downwerd as
more data and anslyses become available; therefore the assumed value
of 8 mm/yr is considered to be conservative.

The second technique utilizes relationships among recharge, altitude
zone, and precipitation that have been developed by the U.S. Geolog-
ical Survey in water-budget studies in cooperation with the Nevada
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Department of Conservetion and Natural Resources (Ref. 11). For the
Yucca Mountain aree and altitude zone, the annusl precipitation is
150 mm to 200 mm (Ref. 12) and the part of that estimated to
recharge the ground-water system is 3 percent (Ref. 13). The
resulting value of 4.5 to 6 mm/yr Darcian flux compares fevorably
with the 10 mm/yr or less estimated by the hest-flow analysis.

Within the local setting, the persistent soil-moisture deficiency
indicates that only major, runoff-producing precipitation events are
likely to produce recharge. This local recharge is probably concen-
trated areally in the major ephemeral weashes that define the boun-
daries of the centrel block at Yucca Mountain. The actual recharge
in the interchannel and undissected arees overlying the proposed
repository is probably less then the 4.5 to 10 mm/yr range
established sbove. A value of 8 mm/yr selected for travel-time cal-
culations is believed to be conservative, perhaps highly so.

D. Conceptual Flow Model and Travel Time

Figure 2 shows schematically the various segments of the flow paths
discussed below.

1l. Unsgaturated Zone

Infiltration that descends beneath the surficiel zone of
evaporastion and upward vepor transport moves downward
through fractures or alluvium to the upper clastic unit,
which is unsaturated. The hydraulic potential of water in
the matrix is less thean atmospheric, and the permeability is
moderately high; because the unit is stratified, the lateral
permeability is probably higher than the vertical. Large
lateral hydraulic gradients exist from rocks having & higher
degree of saturation to those with lower degrees of satura-
tion, resulting in the probable dominance of latersl flow
until metric potentials (fluid tension) are nearly equalized
through the rock mass. Therefore, nonuniformly distributed
recharge becomes more uniform both areally and in time.
Under & vertical hydraulic gradient of unity, the unsatu-
rated flux moves by porous flow downward to the densely
welded unit, where the significent frecture permeability can
easily transmit an 8 mm/yr flux. The interconnecting, non-
vertical fractures vary in aperture and therefore in mois-
ture tension as well, further dispersing and attenuating the
flow. Travel time from the disturbed zone to the top of the
lower clastic unit is not considered in the analysis.

Assume first that the upper range of the bimodally distribu-

ted permeability predominates areally in the vitric tuff of
- the lower clastic unit. Under the unit hydraulie gredient

(i=1) in the unsaturated tuffs, the maximum flux (g pa¢)
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that can be transmitted without at leest pertiesl rejection
is equal to the saturated hydraulic conductivity (kg):

ez = (ks) (i) = 100 mm/yr
Similerly, for the zeolitic tuff, gpay = SO mm/yr.
Therefore, both tuff facies can readily transmit the con-
servatively high recharge flux of 8 mm/yr.

There are not yet sufficient data to estimate the velocity
of unsaturated flow through the lower clastic unit by
rigorous methods relating the dependency of hydraulie com-
ductivity end effective porosity to ambient moisture con-
tent, flux, and pore geometry. However, the few measure-
ments thet sre availeble indicates near-saturation (95%)
and low matric tension (1 bar) in the clestic tuffs.
Therefore, a reasonable prediction of average velocity can
be obteined by the relation,

v e (—3—y Kk 9 _.0088IC _ 4 6067 myyr.
g q max = T n .30

The thickness of the lower clastic unit ranges from about
70 m at the southern end of the central block to about 150
meters et the northern end (Refg 2, 3, 4, 14). Dividing
this range by the seepage velocity results in calculated
travel times of 2,600 to 5,600 years.

Alternatively, if the lower range of permeability measured
in the vitric tuff is stratigraphically continuous (which
iz not known to be the case), the recharge could be
rejected and diverted eastward and northward to the zeo-
litic facies. Ageain, conservatively estimating that all of
the recharge might flow through only half of the cross-
sectional area, where the lower clastic unit is at least
100 m thick, the calculated travel time is 1,900 years.

2. Saturated Zone

Measurements of hydraulic, potential, temperature and
depths of permeable zones in boreholes indicate that flow
patsh in the older volcanics benesth the water table are
tortuous, preferentially following fractures where they are
open and favorably oriented. Permeable fractures occur
with the greatest frequency in the upper 500 m of the satu-
rated zone. That fracture properties vary in space is
indicated by the fact that transmissivity or storage coef-
ficients appear to change during hydraulic testing, as the
zone of influence of the test expends from the borehole
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The water table to the north and west of the proposed
repository site, end beneath the westetn part of the cen-
trel bdblock, is higher than that further south and eest by
several tens of meters. Data are sufficient to indicate,
though not yet to demonstrate conclusively, that the Soli-
tario Canyon fault is not & major pathwasy for southwerd
flow despite its favoreble orientation with respect to the
regional southward direction of flow.

Beneath the eastern half of the disturbed zone and to both
. the east and south, the water tsable is nearly flat and is
difficult to charscterize. Tentative results of an ongoing
drilling program suggest that, from the southern end of the
disturbed zone, flow is southward but that, from the cen-
trel and northern parts, flow is generally eastward. The
general southward direction of. regional flow is well docu-
mented (Refs. 12a, 13, 15) and constrains this eastward
flow from the central block of Yucca Mountain. The most
probable pathway is eastwerd or southeastwsrd to a position
beneath Fortymile Wash, about 7 km east of Yucca Mountain
and then south-southesstward following the trend of the
wash. Such a curvilinear path would increase the sctual
distance of flow to the accessible environment to more than
10 km. For purposes of the caslculations that follow, it is
conservatively assumed that neither curvilinear nor tortous
flow paths significantly increase the 10-kilometer distance.

Similarly, no credit is taken for transit times beneath the
lower clastic unit under the disturbed zone, although most
of the flux through the disturbed zone will be signifi-
cantly delayed in this segment of the total pathweay.

The calculation of flow time to the accessible environment
is as follows:

Hydraulic conductivity, k = 1 m/day or 365 m/yr (See
A.5 above), for a unit hydraulic gradient,

Hydraulic gradient, { = 1.6 x 10~4 (Distance-
weighted average of gradients between UE25b#1 and Well
J-13 and between Well J-13 and Well J-12, based on-
measured hydraulic heads and distances. The first
segment has e gradient of 2.0 x 10-4 over a distance
of 6.4 km; the second has & gradient of 1.1 x 10~4
over & distance of 4.7 km).

Effective porosity, ne = 0.02 (See A.5 zbove.)

Average velocity along flow path,
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(k 1) (365) (1.6 x 10™%y~ 2.9 m/ye
= 8 =

R 0.02.

e

v

Travel time for 10 km,

10,000
2.9 o _
Regional investigatlions provide checks on the resson-
ableness of the calculations. Hydrasulic snalyses of
Pehute Mese, which is comprised of similar rock types,
provide a probable velocity on the order of 5 m/yr
(Ref. 16). Carbon-14 sges of ground water im the vic-
inity of Yucca Mountein are in the reagne of 10,000 to
13,000 years (Ref. 17). If it is assumed that these
waters are derived from the head of the regional sys-
tem at Pahute Mesa, 65 km to the north, the calculated
maximum ground-weter velocities are 5 to 7 m/yr. Add-
ition of recharge between the basin extremity and
Yucca Mountain would result in lower celculated velo-
cities. Hence, & saturated-zone velocity of about
3 m/yr and & 10-km travel time in excess of 3,000
years are reasonably expected from both site-specific
and regionsl information.

t = = 3,400 years
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Figure 1. Hydrogeologic model of proposed Yucca Mountain
repository site, Vertical exaggeration is about
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Conceptual flow model. See Fig. 1 for identification
of hydrogeolagic units. Dashed flow arrows in the
lower clastic unit depict the possible rejection of
flow by the vitric facies and resulting concentration
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