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This letter contains the comments of Williams ~ “&nd —

Dear Jeff:

Agegcciates, Inc. on selected data reviewed at the NTS data review
segsion held in Denver on July 24, 1984, In those cases where
the data file supports a published repeoert bv the U.S.G.S5.. we
have combined the review of the document with the review of the
data file. Please consider this letter to be our trip report for

the aforementioned data review sesgsion on NTS.

Well VH-1

This raw data file contains pump test and recovery test
results for open hole VH-1 bottomed at a depth of &97.25 #eet.
All the tests performea were pumping tests or recovery tests.
The data were analvsed by the Jacob streight line method or by
the Theis log=log curve match method. Pumping test | was
conducted at & pumping rate of 61.46 gpm for a period of 120
minutes. The test results were considered unanaly:aple. 1

agree, Test A was conducted at S3 qgpm over an open hole to a
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depth of 2,500 feet. The nine minute pump test was terminated by
a pump failure. The results are considered to be unanalyzable.
1 agres. Pump test 2B was conducted at a pumping rate of 60 gpm
fo;;fzﬂ'?i .p?::riod .of‘::;r;n minutes. The semi-log plot was analyzed by
thé;ggcqq straight liq? methcd which vyielded & preliminary T
value o{'e,eoo gpd/ft. The analysist considered this value to be
unrealistics he concluded that the hole was partially plugged
bacause the water emanating from the hole was very dirty. In
addition the water leve} at the beginning of pump test 2A was
15.9 feet higher than the water level at the beqinning of pump
test 2B. Pump test 2C was conducted for a period of 7.5 minutes.
However, the flow meter did not functidn properly and the test
wae digscarded. FPump test ZD was run for a period of 230 minutes
during which time &41.%9 feet of drawdown aoccurred. However the
discharge gluctuated widely so the data were not analyzable.
Test 2D was conducted for 460 minutes at a very appreopriate
pumping rate of 1,225 gpm. The semi-log plot shows at least two
recharge boundaries to which straight lines were fitted. Three
approximate values of T corresponding to the three straight line
segments were calculated to be 1,000 gpd/ft, 2,100 gpd/ft, and
85,000 gpd/ft. The latter figure probably reflects a recharge
boundary that is considerably more permeable than the rack
matrix. The analysist used the pump test recovery data as
supporting data to conclude that the T value is 1.:50 opd/¢ét. In

my opinion the analysis is defensible. Fumping test 5 wae
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conducted for a period of 5.9 days. A semi-log plot of the data
is difflcult to. analyza. The transducer was raised 10 feet
during the test. An effort to correct the graph for this raise
proved to be less than straightforward. The effort essentially
went to confusing reversal of drawdown. Consequently very little
was derived from this effort. Test 4 was a recovery test from
test 3. The racovery curve on a semi-log plot does not look
normal. 1t would be difficult to defend a reliable T value from ;
thig curva. Test S was a constant Q drawdown test. The semi-log
plot does not look normal. Different portions of it can be
ana{yzed ueing the Jacob method or the specific capacitv method.
The curve probably is affected by boundaries (more than one).
Test & was a recovery test from pump test's. The recovery pe?iad
lasted 1,300 minutes. The seml-log plot of the recovery curve
does not 1lecok normal. A T value was calculated using the Jacob
maethod, but it would be difficult to defend. The file contains a
report entitled "Temperature Correction”. This report describes
the method by which temperature in a pumping well is used to
correct the water level reading in that well for density changes
during pumping. The analyses show that approximately six inches
of correction are necessary over a depth of about 1,800 feet.
Some of the test’s water . level readings were corrected for
density due to temperature differencest! othere were not. The

unusual nature of the aforementioned curves may be explainable
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by density variations. This terminates my remarks on the file
for wall VH-1,

We were presented with certain semi-log graphs af drawdawn
and racovery data for well H-4, A gechydrology report is in
manuscript form for this well. However, the U.S.G.S. was willing
to allow us to look at the raw data only. The raw data are
presanted in the §$rm of the graphs discussed below.

Figure A-~Water level drawdown versus time for pumping test
2, depth interval from Si{9 to 1,219 m. Figure 4 is a semi-1o0g9

graph of drawdown in meters versus time after pumping started in

minutes. Drawdown continued until four minutes into the test.

At that time there was a water level rise of approximately .8 m.
At 10 minutes into the test water levels began to decline again
with about .6’m of drawdown. At 20 minutes another water level
rise occurred. Temperature variations may explain this unusual
curve. .

Figure YS--Water level drawdown versus time +oE pumping test
S, depth interval from S1° to 1,219 m. Figure S is a semi-log
graph aof drawdown in meterg versus time after pumping started in
minutes. The same situation occurred that- occurred 1in the
previous figure. Approximately .9 m of drawdown occurred in the
first five minutes, At that time a water level rise of
approximately .8 m occurred. At 10 minutes into the test water
levals began to decline again. Temperature variations may

account for this curve.
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.._“}Figure é~-Water level recovery versus time for pumping test
2; dépth interval from 519 to 1,219 m. Figure & is & semi-lag
grapﬁ of residual drawdown in meters versus time after pumping
stopped in minutes. Residual drawdown increased ¢the +first .2
minutes then began to decreasé for about .4 minutes and then
again bagan to decrease to approximately 1.4 m approximately 8
minutes i{nto the test. At that time residual drawdown began to
decreasa continuously until the last measurement approximateiy 30
minutes into the test.

Figure 7--Water level recovery versus time for pumping test
3, depth interval from S15 to 1,219 m. Figure 7 is a semi-log
- graph of regsidual drawdown in meters versus time after pumping
stopped in minutes. The first measﬁrement was taken at two
minutes into the test. Residual drawdown was approximately .8 m
at that time. Residual drawdown 1;crea§ed to approximately 1.5 m
approximately 8 minutes into the test, then began to decline to
approximately .2 m at 30 minutes into the test, which was the
last measurement taken.

Figure E--Semi-logarithmic graph of water level drawdown
varsug time for pumping test &, depth interval from 519 to 1,219
Me Figure 8 ig a sami-logarithmic graph of drawdown in meters
varsug time after pumping started _in minutes. The first
naasurement was taken at one minute into the test. Water level

decline was approximatelv 1.5 m at that time. Drawdown continued

until approximately four minutes into the test when water levels
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began  to rise to approximately .S m. Water levels fluctuated
until approximately 80 minutes into the test at which time water
levels began to decline continuocusly to approximately 4.8 m at
approximately 10,000 minutes into the test.

Figure S--Logarithmic graph of water level drawdown versus
time for pumpiﬁg test &, depfh interval from 519 to 1,219 a.
Figure 9 i{s a log-log graph of drawdown in meters versus time
after pumping started {in minutes. The first water level
measurement was taken at approximately one minute into the test
at which time drawdown was 1.5 m. Drawdown increased until
approximately four minutes into the test .and began to decline
until ten minutes into the test and fluctuated and then began to
increase again for the duration of the test until approximately
1,000 minutes. This test would be difficult to analyze unless
some hydrugeo;pg;é explanation for the curves can be developed.

Figure 10--Water level recovery versus time for pumping test
&, depth interval from 519 to 1,219 m. Figure 10 is a semi-log
graph of residual drawdown in meters versus time after pumping
stopped in minutes over time after pumping started in minutes.
Regidual drawdown increased from approximately four minutes into
the test, which was the first measurement, until approximately
800 minutaes into the test. That portion forms a fairly straight
line. After 800 aminutes intoc the test the slope steepens
significantly until approximately 30,000 minutes into the test.

An apparent boundary is indicated.
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Figure 11--Borehole flow and temperature survey for test
uell' USW H-4 shawing percent of pumping rate produced for
intervals from S35 to 1,219 m. Figure 11 is a graph of depth in
meters below land surface versus flow rate in l¢sec. Figure 11
shows the percentages of flow from each particular unit
intersacted by the borehole. ‘

Figure 12-—Water level recovery versus time during injection
tests for depth interval from 555 to 404 m. Figure lé is a semi~
log graph of head in meters above static water level versus time,
in minutes. Water levels declined continuously from
approximately .4 minutes into the test until the end of the test
at 200 minutes. However a somewhat wavy line is drawn through
the data. It appears that one or more boundaries are affecting
the data.

Figure 13~-kater level recovery versus time during
injection test for depth interval fram 604 to 652 m (full coluamn
of water). Figure 13 is a semi~log graph of head in meters above
static water level versus time in minutes.' The recovery curve in
figure 13 has the same characteristic shape as the recovery curve
in figure 12. This is to be expected since the only difference
between the two tests is that the recovery test of figure 13
included 48 m more of borehole length.

Figure i14--Water level recovery versus time during injection

test for depth interval from &04 to 452 m (one-third column of

water). Figure 14 is a semi-log plot of head in meters above
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static water level versus time in minutes. The first water level
measuremaent was taken approximately .15 minutes. Water levels
recoveraed continuously from that time on to static water level at
approximately 50 minutes into the test. However, a straight line
cannat ba drawn through the data points. The data points form &
continuous curve.

Figure 1S—--Water level recovery versus time during injection
tegst for depth interval from 652 to 70! m. Figure 15 is a semi-
log graph of head.in meters above the static water level versus
time in minutes. The first water level measurement was taken
approximately .3 minutes into the test. Water levels recovered
continuously from approximately 300 m sbove static water level to
static water level in approximately five minutes. However, the
data plot does nat form a straight line.

Figure lé~-Water level recovery versus time during injection
test for depth interval from 703 to 735 m. Figure 16 is a semi-
log graph of head in meters sbove static water level versus time
in minutes. The first water level measurement wasg taken at
approximately .3 minutes. Water levels decayed to static water
levels by two minutes into the test.

Figure 17--Water level recovery versus time during injection
test for depth interval from 735 to 767 m. Figure 17 is a seﬁi-
lcg graph of head in meters above static water level versus time

{in minutes, The first water level measurement was taken

approximately .1 minutes into the test. Water levels decaved
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cbnttnuously to static by approximately ten minutes into the

text,

Figure 18--Water level recovery versus time during injection
test for depth interval from 783 to 832 m. Figure 18 is a semi-
log graph af head in meters above static water level versus tinme
tn mtnutés. The first water level measurement was taken
appraxinately .2 minutes into the test.' Water levelgs decaved
continuously to static by approximately five minutes into the
test.

Figure 19--Water level recovery versus time during injection
test for depth interval from 832 to 850 m. Figure 19 is a semi-
lag graph of head in meters above static water level versus.time
in minutes. The first water level measurement was taken
approximately .2 minutes into the test. Water levels decayed to
static water level within five minutes of the test.

Figure 20-~Water level recovery versus time during injection
test for depth interval from 855 to B73 m. Figure 20 is a semi-—~
log graph of head in meters above static water level versus time
in minutes. The first water level measurement was taken
approximataely ..2 aminuteg into the test! water levele decaved to
gtatic within approximately four minutes.

Figure 21--Water level recovery versue time during injection
test for depth interval from 873 to 892 m. Figure 21 is & semi-
log graph of head in meters above static water level versus time.

in minutes. The Ffirst water level measurement was taken
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approximately .2 minutes into the test. Water levels decayed to
static water level in approximately 10 minutes.

Figure 22--Water level recovery versus time during injection
test for depth interval from 892 to 910 m. Figure 22 is a semi-
log graph of head in meters above static water level versus time
in minutes. The first water level measurement was taken
approximately .2 minutes into the test. Water levels decayed to
static within approximately 5 minutes.

Figure 23-~Water level recovery versus time during injectien
test for depth interval from 910 to 928 m. Figure 23 is a semi-
leg graph of head in meters above static water level versus time
in minutes. The +first water level measurement was taken
approximately .2 minutes into the test. Water levels decaved
continuocusly to static within approximately 7 minutes.

Figure J4--Water level recovery QQrBus time during injection
test for depth interval from 928 to 1.219 a. Figure 24 (s a
semi~log graph of head in meters above static water level versus
time in minutes. The first water level measurement was taken
approsimately .3 minutes into the test. Water levels decayed to
approximately static within approximately 10 minutes.

Figqure 25--Water level recovery versus time during injection
test for depth interval from 1,173 to 1,192 m. Figure 25 is a
semi=-lacg graph of head in meters above static water level versus

timﬂ.in minutes. The firgt water level measurement was taken
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approximately .2 minutes into the test. Water levels decayed to
static within approximately & minutes.

Figurae 24-~-Water level recovery versus time during iﬁje:tion
test for depth interval fraom 1,195 to 1,219 m. Figure 26 is &
, s.hi—log graph of head in meters above static water level versus
time {n minutes. The firet water level measurement was taken
approximately .3 minutes into the test. Water levels decayed to

static within approximately 10 minutes.

Initial Head Messurements for the Injection Tests

Figure 12, tha_initial head measurement was IS0,
Figure 13, the initial head was approximately 475 m.
Figure 148, the initial head was approximately 1&0 m.
Figure 15, the initial head was approximately 300 m.
Figure 14, thae initial head was approximately 275 m.
Figure 17, the tnitial head was approximatelv 375 m.
Figurae 1B, the initial head was 350 m.

Figure 19, the iﬁitial head was approximately 340 m.
Figure 20, the initial head was approximately 410 m.
Figure 21, the initial head was approximately 380 m.
Figqurae 22, the initial head wag approximately 375 m.
Figure 23, the initial head was approximately 375 m.
Figure 24, the initial head was approximately 3350 m.
Figura 25, the inttial head was approximatelv 280 m.

Figure 26, the initial head was approximafely 400 m.
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According to Jim Robison, the tests that produced the data
graphs in figures 12 through 26 are actually slug tests. These
are plotted on semi-log plots of head in meters above static
water level versus time in minutes. This method of presentation
of tha data plots could be mistaken to be semi-~log plots of
constant injection tests rather than slug injection tests on the
basis of the data above. The semi~-log graphs should consist of

time after injection started plotted against the ratio of head at

time t to the head at the time injection started (H/He).
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Well USW H-5
PBentley, C.B., J.H. Robinson and R.W. Spangler, 1983,
Geohydralogic Data for Test Well USW H-5, Yucca Mountain
Area, Nye County, Nevada: U.S.6.S. Open-file Report B3-853.

Well H-S was drilled to a total depth of 1,219 m on June 23,
1982, Geophysical logs were run in test hole H-5 to define
lithology, correlate with logs of nearby wells and collect data
on porosity in fractures, obtain fluid levels, locate casing

perforations in cement, and guagé the diameter of the well.

Hydreleogic Testing and Water Sampling., Pumping Tests

Drawdown and recovery tests were conducted in conjunction
with four pumping pericds, after test well USW H-5 had been
drilled to its total depth, cased to 790 m and caging perforated
balow 707 m. Data plots of the drawdown and recovery tests for
the third pumping pericd, and for the recovery test for the
fourth pumping period are presented in figures 4 through é in the
published daocument. Drawdown data for pumping perieds 1 and 2
are not presented ;n the published document, presumably because
they do not form a straight ltne'or gmooth curve as shown in the
raw data +filae. The semi-log plot of drawdown data for pumping
period | showed that drawdown did not begin until approximately
.7 minutes into the test., Water levels decreased at & consistent
slope until approximately one minute at which time the slope of
the data changed. The slope flattens out until approximately 40

minutes into the test. At that time the data steepens for
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_anather 10 minutes and then flattens again until the end of the
test at 100 minutes. Qverall there are four changes in slope

dﬁring the duration of the pumping test. A semi-log plot of

drandown data for pumping period 2 indicates that drawdown from

Iappraximatoly «15 minutes until .S minutei formed a curvalinear
linet from .5 minutes to the end of the test at approximately 55

minutes the curve is a fairly straight line and analyzable.

Figure 4 of the published report is a graph of water level
drawdown againegt time for pumping test 3. The depth of interval
ig from 707 to 1,219 m. This curve is a semi~log graph of water
lavel drawdown in meters versus time after pumping started in
minutes. The semi~log plot of the data forms a curvalinear line
with the shape very similar to the Theis curve. Unfortunatelv.
this is a semi-log plot.

Figure 5 of the published document is a water level recovery
graph for pumping test 3. The depth interval is from 707 to
1,219 a. Again it is a semi~log plot of residual drawdown in
metere versus time after pumping stopped in minutes. . The s2mi-
log plot again forme a curvalinear line very similar in shape to
& Theis curve.

Figure & of the published document is a water level recovery
graph for pumping test 4. The depth interval is from 707 to
1,219 nm. Figure & is a semi~log graph of residual drawdown in

meters versus time after pumping stopped in minutes. Again the
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graph forms a curvalinear line with a shape very similar to the

Theis type curva.

Packer Injection Test

Packer injection tests were conducted by using inflatable
packers to isolate test zones! tests were performed at intervals
where hole size and configuration allowed setting of the packers.
Water was injected into the interval between two packers or
"between one packer and the bottom '04 the hole. Decline of
hydraulic head with time was monit;red in the 1solated interval.
Elevan tests were conducted in test well USKW H-E Ffor the
intervale between 790 and 1,219 m. Injection curves are plotted
in figuras % thraough 19 af the published document. The ratia af
hydraulic head after injection (He) to initial hydraulic head
(Ho) is pleotted against time since injectgon began. Semi-log
graphe of the water level data for the injection tests form
fairly smooth curvalinear curves for figures % through 14. Water
lavel data presented 1i1n figures 15 and 16 form distorted
curvalinear curves on semi~-log plots. The reasan for the
distortion ie not explained in the published document. However,
the distaortions could be attributed to the high initial head
during the tests which mavy have opened <fractures within the
formation. Water level data presented in figure 17 also are
distorted but not to the same degree as fiqures 1S and 146. Water
level data presented in figures 18 and 19 form smooth curvalinear

curves.
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Note: Figure 7--Borehole flow survey 1 showing percent of
total pumping rate produced by intervals. This figure shows that
the interval between 700 and B0O0 m produces most of the water
pumﬁud from the well. The interval +from 800 to sapproximately
1,100 m prcducés much less water. This is probably the reason
uﬁy the data plots for figures 4, S, and & form curvalinear

curves rather than straight line plots for the pump tests.

Well G=1
The drilling polymer u:i:od for G-1 had a higher viscosity
than the formation water so the results of testing 1n G-1 are

questionable. *
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Review of Well H-1, Data Report
Rush, F.E., W. Thordarson, and Laura Bruckheimer. 1983,
Gaochydrologic and Drillhole Data for Test Well USW H-t,
Adjacent to Mevada Test Site, Nye County, Nevaca:
U.8. Geological Survey Open-file Report 83-141.

This review covers the above document in combination w.th
raw data observed at the Data Review qusan for NTS held at cthe
U.E.6.S, offices in the Denéar Federal Center on July 25, 1984.

This document presentg data collected to determine hydraul:ic
propaerties of the rocks penetrated in test well USW H-1. The
repart contains data on drilling operations. litholegy. borehcle
geophysics, hydrelogic monitoring, core analysis. ground water
chemistry, and pumping and injection tests for this well, This
ravien will concentrate on the pumping and injection tests (slug
testg)., The well is lucaéed in Nye County. Nevada. approximately
140 km northwest of Las Vegas. 1t is 1located in an easterly
draining canyen of Yucca Mountain. northwest of Jackass Flats.
The well was drilled to a total depth of 1.829 m on November 22,
1580. The well was drilled with rotary drilling equipment using
alr, datergant and water for chip removal.

Tha report contains data on 48 core camples that were
removad from the unsaturated and saturated zones. Measurements
included deneity, matrix porosity, pore saturation, and pore
water content. Horizontal and vertical saturated hvydraulic

conductivity measurements were made on samples from the saturated

zone. The hydraulic conductivities for the saturated zone ranged
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from 10=4 to 10~7 m/day. Matrix porosity ranged from 20 to
approximately 30 percent, although a few samples fell outside
this range. The tests show that the matrix permeability is
several orders of magnitude lower than the permeability values
determined from the slug tests and pumping tésts discussed belouw.

The borehole flow <survey lag presented in the report
indicates that the waell has three major producing zones. These
zones are located between depths of S$72 m (the water table) and
655 m, between 490 m and 700 m, and between 740 m and 790 m.
These were the zones that received primary attention during pump
testing in particular. The borehcle flow survey graph presented
in the report is not consistent with the borehole flow survev
data presented in the raw data file. According to the data file
the borehcle flow survey was conducted throughout the length of
the hale but only the upper 1,000 m of hale.data are presented in
the subject report. No explanation is given.

Bath the report under‘review and the data presented in the
file {ndicate that the hzsad distribution in the borehole
increases vertically with depth. The water level for the depth
zone 572 to 488 m above sea level is 729.9 m above sea level.
The head reading for the depth zone 1,112 to 1,115 m above sea
lavel is 780.8 m above sea level.

Drawdown and recovery tests were conducted for the interval

870 m to &B8 m before casing was set. Two additional pumping

.tests ware conducted between the depths of &87 m and 1,829 m
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after casing was set to 488 m. Drawdown test datea were plotted
in the form of drawdown versus time after start of pumping on
semiloqg paper. Recovery test data were plotted with residual
drandown against time on semilog paper. The number of pumping
test curves and raecavery curves reported in the document under
reviaw is in agreement with the number of tests reported in the
raw data fila. The only difference between the pump test data in
the raw data file and tha pumping test data in the document under
reviéw is that the raw data file contains the drawdown data for
well G-1 due to the pumping of well H-1i{ the report under review
makes no reference to this curve. The semilog graphe of drawdown
vargus time and recovery data versus time should be amenable to
analysis by thae Jacab straight-line method.

Data for six injection tests +for packed-off intervals
between depthe of 487 m and 1,829 m are presented in the report
under review. The ratio of hydraulic head at a given time to
initial hydraulic head is plotted against time since injection
began. The number of injection (slug) tests in the raw data file
is not equivalent to the nunmber of injection tests presented in
the report under review. Ingpection of the list of tests
included in the raw data file Eeveals that 117 injection tests
were attempted in this interval. 0OFf the 17 tests. one test was
congidered too short for analysist! three tests were not used
because the ¢tool failedt two tests were not used because of

packer failurei three tests were listed &as na gqoad without
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e#pl‘nation: and two tests were listed as good with gquestions.
Thase reasons account for the presentation of only six sets of
test results in the document under review. Twent--nine other
tests were either ettempted or conducted in well H=1. _ These
tests consisted of swabbing tests and shut-in tests. Shut=-in
tests are not defined in either the data base or the document.
However, the test 1list in the data base for well H-1 indicates
that some of the shut-in tests were considered to be good. Jim
Robigson’s explanation for the shut-in test is that the tubing is
evacuated and the shut-in tool opened in order tao watch the
prassure change as a ccnsequen;e of opening the tubing to the
formation pressure. Alternatively the tubing is evacuated and
the A tool closed in order to watch the pressure build up between
the packers. In any case the decision was made to use only the
injection s8lug tests for which the data are reported in the
review. Apparently this was somewhat of an arbitrary decision.

but it explaings the presentation of onlv six tests in the

document under review.
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Review of Well H-1, Interpretative Report
Rush, F.E., W. Thordarson ana D.G. Pyles. 1984,
Geohydrology of Test Well USW H-1, Yucca Mountain,
Nya County, Nevada: U.S.G.S5. Water Resources
Investigations Report 83-4032.

This documant contains the U.S.G6.S."s analysis of the data
that are presented in open-file report B83-141. Items of interest
that I have not already pointed out in my review of open-file
repart 83-141 include the following.

1. Table 8 of the docukent describes the water vielding
characteristices of the zone abave the water table. It should
be noted that water under positive pressure is reasonably
common in this drill hole (H-1). Evidence for this statement
consists of descriptions of dripping water or small streams
cf water or seeping water emanating from the walls of the
hole.

2. The zone fram 452 m to 453 m ie the most productive zone in
the borehole. The interval from 752 to 1,829 m prnduced no
detéctible flow of water as did the no flow zone from &94 m
to 7346 m. Thig result is somewhat interesting because the
result of the slug lnjectioﬁ test revealed trancemiesivities
that sugqgest that portions of the hole among these depths
should have yielded water. The values are indicative of
marginal aquifers. The most probable explanation for this

inconsistency is that the trace ejector survey was not

sensitive enough to detect the flow.
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3. Piezometers weare installed permanently in well H-{ to measure
'.qgtnr levels 1in four zones. These zones )*e! 1) 440 m, 2)
738 to 741 m, 3I) 1,112 to 1,115 m, &nd &) 1,507 to 1,804 m,
Water levels in the two shallower piezomsters are at
" essentially the same depth ag the composite water level
mnaasured prior to piezometer installation. The water level
in the deeper zone was approximately S2 m higher than the
water level in the ghallower zone as of September, 1982.
These data suggest that the vertical mavement of water in
the hole is upward toward the more permeable tones neir the water
table. This document atates that water below approximately 700 m
probably is artesian (confined) because the bedded tuff present
at this depth commonly has low permeability. In summary, the
water level data indicate that the system at the lccation of well
H=1 I8 canfined and that the vertical component of the potential
gradient is directed upward_toward two aquiferse located at depth
intervals S72 to 440 m and 738 to 741 m. The analysis of pumping
teat data digcussed under my review of report B83-141 reflects the
fact that the data used fit analytical curve matching techniques
reasonably wall with one exception. Figure 14 in the report
under review presents an attempt to analyze water level drawdown
in pumping test 3 in the zone from 487 to 1,829 m uging the Theis
method. The curve fitting procedure works very poorly for the
drawdown curve. It appears that some hydrogeological phenomena

ig operiting that precludes an adequate fit of the field data to
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the thecretical curves. The other-curves and their matches can
be defended. The analyses yield transmissivity values for the
afarementicned upper two permeable test intervals as follows!
The +¢irst pﬁmptng test over the depth interval 572 to 488 m
yi,ldcd 4 transmissivity value of 154 m3/day. The recovery for
this interval yielded a T value of 183 m3/day. Both these values
are the result of applying the Jacobs straight line method and
the Theis method to the data. The transmissivity values for the
interval 687 to 1,829 m ranged from .41 to 1.4 m3/day. These'
numbers apply te the entire section between 87 m and 1,829 =
below ground surface, These values can be divided into
tranemigsivity of particular portions of the section by using the
tranemissivity data in combination with the borehole flow survey
leg. This wae done by the U.S.G.S. and the resulte presented in
Table 11 on the subject report. The results show that the
tfansmissivity of thisg entire depth interval, even on a permeable
unit basis, is very low relative to the aforementioned permeable
sections of the Prow Pass Mamber,

Injection test results and their analysis also are preseﬁted
in the subject document. The results of the injection tests shaw
that virtually all the permeability in the hole is abave the &87
to 694 m depth interval. The quality of the injection test data
already have been discusged in my review of open-file raport 83—

141.
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In summary, the issues that are most significant with

respact to this review and with respect to the data base examined

a4t the NTS data review session in Denver on July 23-27 are as

follows,

1.

2.

The portions of the data base that are presented and analyzed
in the document are amenable to analvsis by the straight line
method, the Theis equation or bv slug injection test methods.
Two of the tests that were analyzed by matching to the Theis
equation are marginal with respect to closeness of fit. 1t
is possible to defend more than one match, same of which
would suggest that baundaries are present.

The shut-in test portion of the data base wasg omitted in the
analysis. The reason for this omission is not pregsented in
the report. A considerable amount of time. mﬁney and energy

were devoted to conducting the shut-in tests.

Saevanteen slug 1injection tests (these tests are incorrectly

called injection tests in the report) were conducted in hole
H=1 but only six sets of results are presented and analvzed
in the document under review. The rationale for omtting the
elevaen tests incldded equipment failure, packer failure, &nd
length of test. The omission of all the tests that were
omitted can be defended on the basise of the information
presented in the data base.

Thae water level data and the analvsis of it suggest that the

vertical component of the hvdraulic gradient is directed
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upward in this hale. The aquifer th;t acts as a "“"drain" is
located near the top of the zone of saturation where the
hydraulic head is lower than at the bottom of the hole. Most
of the data curves it the match curves for confined aquifer
analysis, This is somewhat surprising for the upper
aquiferst tha reason for the data not m?tchinq water table
type curves ought tc be addressed.

The injection teats in this document and the aformentioned
cpen-file report are actually slug injection tests. Théy are
noct 1injection tests inm the usual sense of the word where
water is injected into the hole under a constant injection

rate or under a constant head.Review of Well UE-2Sh #1
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Review of Well UE-ZTb #1
Lobmeyer, D.H., M.S. Whitfield, Jr., R.R. Lahoud, and
- Laura Bruckheimer, 1983, GBeohydrolegic Data for
Teat Well UE-2%b #1, Nevada Test Site, Nye County, Nevada,
U.S5.6.8. ODpen-file Report 83~BS5S.

This document presents the data base for the hydrogeologic
testing conducted on test well UE-25b #1. The well s locatad in
Nye County, Nevada. approximately 145 km northwest of Las Vegas
on the Nevada Test Site. The well is located in a major wasgh
which trends northwest from 40 Mile Wash on the east flank of
Yuccq Moun}aiq. During the hvdrogenlogic testing program. well
UE-25a #1 was used as an observation well. Thie well is located
107 m south-southwest of well UE-2Sb #1 in the same wash. The
total depth of well UE-285b #1 is 1,220 m. The well was drilled
with air rotary and foam. Initially the hole was drilled to a
depth of 579 m and tested. Subsequently the hole was enlarged.
cased and deepened to 1,220 m. The second episode of testing was
canducted shortly after deepening. The third episode af testing
utilized packers to determine the vertical head distribution for
the four most productive zones. The well penetrates the usual
luquuncé of alluvium, Paintbrush tuff, anh Crater Flat tuffe,
fAccording to the report, the Topapah Springs Member of the
Paintbrush tuff, the Bullfrog Member and the Tram Member of the

Crater Flats tuff are the most indurated tuffs in the section.

Prasumably thie means they also are the most fractured.
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»”5Thq-report contains & section describing the hydrologic
prpﬁnﬁﬁics of core samples obtained from the hole. The tests on
ﬁﬁq corq samplas ware parformed by Sandia Naticnal Laboratory.
Maértx porogity was measured on 127 core samples from the
(ntlrval 389 to 1186 m. According to the data presented in the
rpporﬁ; the percent porosity is in the order of 23 to 27 percent
in the Bullfrog Member and in the upper portion of the Tram
MHembar. Porosity decreases to 10 percent or lese in some
portions of the Tram Member and in about 20 percent of the Prow
Pass Member. Only limited porosity measurements uéra taken above
the Prow Pass Mamber cf the Crater Flats tuff,

Geophysical logs were used to help select hydraulic test
intervals., These logs included the down hole televiewer, the &SP
log and the temperature log.

Water 1level observations and measurements were made during
drilling, during hydraulic testing and after tésting' was
completed. The purpcses of the measurements were: 1) to locate
possible perched water {n the unsaturated tone, 2) to determine
depth at which water saturation occurs, and J) to determine
hydraulic heads in the well for spaecific zones (vertical
diltribution' of hydraulic head), The f;ur most productive zones
as identified by tests between packers and by borehole
geophysical logs were between the depths of 544 to S83 m, S8%5 to
622 m, 7689 to 826 m, and 648 to €684 . The water level

measuraements for these intervals were respectively, 471 m belaow
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land surface, 471.3 m below land surface, 471.5 m below land
surface and 471.4 m below land surface. These data indicate that
the vertical component of the potential gradient is very nearly
zero in this well,

The document lists 24 separate tests that were conducted in
borehole UE-2%b #1. Most of the tests were labeled injectian
tegts, but three of the tests were pumping tests. Most of the

injection tests were conducted between straddle packers. All
three of the pumping tests were conducted acrioss the apen hole
without packers. As discussed previously herein, some confusion
exists with respect to the term injection tests. The U.5.6.S5. is
ustﬁg the term to be synomynous with a slug test. This test is
accomplished by 4open1ng the tool between two packers or between
one packer and the bottom of the hole to a column of water
roiching land surface in the tube that connects the tool to the
land surface. The decay of the head in the tube is measured by
the falling water level or by falling pressure as the water flows
into the portion of the section tﬁ;t is being tested between the
packers. These tests should not be confused with the standard
term injection test which usgually means pumping water into a
packaed off zone either under constant head or at a constant
tnjection rate. This distinction is important because the
mathods of analysis of the two types of testes are completely
diffarent, The radius of the tubing in which the water level was

measured ag it was allowed to fall was 031 m in all cases. The
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data are plotted as the ratic of remaining hydraulic head to the
original head (h/ho) against the 1bg of time on semilogarithmic
paper, The method of analysis pf thesé data requires that the
rasulting curve be matched against a family of type curves
published in Water Rescurces Research by Papadapoclus. Eredehoeft
and Coopar in 1973, The article is entitled "The Analysis of
Slug Test Data". The curves for &ll .the tests are presented in
the report under review. In my opinion, only a few of the test
results will match a type curve closely. Mast of the data
definitely do not constitute textbook'cases.

The pump tests that were conducted at the site were
conducted over the 1ntnr;al 471 to 1,220 m. The first test
stressed the aquifer at 13.4.1/sec. The relatively low rate was
a consequence of the limitations of the pump (1S 1/sec). A
second pumping test was conducted after the importation of a
larger pump. This test pumped the system at 32 IIseé, but the
rates ranged from 246.5 to 356.8 l/sec. The third test stressed
the s?stcm at J8.8 l/gec., As stated previously, well UE=25a #1
wag usaed as an observation well during the pumping tests. This
cbservation well responded to both test 2 and test 3 (the higher
punping rate tests)i however the response was go slight that data
may be difficult to analyze. They cannot be analyzed &t the
scale on which they are plotted in this document. In my opinion
the test data from the first pumping test cannot be analvzed.

The curves contain fluctuations that preclude the application o+
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standard curve matching techniques. With the data available in
thio report it is not possible to speculate on the causes of the
anomalous drawdown data. The drawdown and recovery curves for
the second pumping test are more standard in shape3 they can be
analyzed. However the drawdown data in particular reflect the
influence of boundaries. The drawdown data for the third pumping
test also can be analyzad, but thése data alsc reflect the
influénca of bounderies. Recavery data were not takeg for the
third pumping test because the recovery data for the second
pumping test were considered adequate for purposes of hydraulic
property determination,

The borehole flow survey for well UE-25b #1 shows the
influence of the aforementioned four permeable zonmes. The graph
shows that the praoductive portions éf this borehole are separated
b§ very tight rock. The aforementioned pumping tests were
conducted throughout the entire open hole! consequently, the
borehole flow survey graph may explain the barrier boundaries
that are reflected by the pumping test data. But other
hydrogeologic explanations probably can be defined as well,

With the exception of the confusion over the definition of

an 1injection test (versus €lug test) {t seems to me that this

‘report is written clearly and accurately. [ can see no reason to

question the test results aside from the fact that the injection

tests perhape may not match appropriate type curves very well.
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Review of Well H-4, Data Report
Craig, R.W., R.L. Reed and R.W. Spengler, 1983, Geohydrologic
Data for Test Well USW H-&, Yucca Mountain Area, Nye County,
Nevada: U.S8.6.S. Open~file Report 83-8%5&.

This review covers the above document and the raw data base
as examined at the NTS data review session held in Denver,
Cclaorado on July 23-27, 1984. The document under review presents
the results of two pumping tests, water level measurements, tests
on core samples, a borehole flow survey, packer~-injection tests
(actually slug injection tests), and chemical analysis of water
for borehcle H-é.

Analysie af core :nns{sted of measurement of density, matrix
porosity, pore saturation, hydraulic conductivity, and pore water
content, A total of 47 m of core were collected in the depth
interval 333 to 1,220 m. A total of seventeen segmeqts of core
were collected. The document does not contain any of the results
of the analysis of core. |

According to the report, two pumping tests were conducted in
the well. Drawdown and recovery analysis were applied to the
results. However, Jim Robison revealed that additional tests
have been conducted since the report was completed. The results
of these tests were not available. The two tests described in
the report covered two productive intervals identified on the
borehale flow survey log. These intervals extended from the
water table at approximately 525 ¢t to approximately 780 ¢ft. The

resulte of the tests are presented in the form of semilog graphs
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of drawdown versus time and residual drawdown versus time. The
Jacob straight line method of analysis should be applicable to
both sets of curves. However, breaks in the curve indicate that
a log~log plot of the data would fall beneath the Theis curve at
later times. Transmissivity values are not calculated in the
report. They have been calculated in the data file but I have
agread not to comment on them. Some of the curves in the data
file are presanted in the form of log-log plots of drawdawn
against time %or the lower zone extending from approximately &35
m to 780 nm. A packer wag set approximately at 780 m and at
approximately &25 m in order to conduct a pumping test of ‘the
lower productive zone. The resulting curves suggest that this
zone i leaky for one reason or another. Mare than one
explanation fcr the apparent 1leakage ie possible. In this
cantext the term leaky must be used with disgression.

During the first pumping test of the entire section, the
pumping rate was 28 1/gec for 4,822 minutes. This test was ended
prematurely by mechanical failure of the pump. Consequently no
recovery data were obtained. Pumping test 2 was run for 2,226
minutes at a pumping rate of 27 l/sec. However, no data are
available for the period 114 to 1,789 minutes because the
monitoring instrument wag removed to allow access for the
borehole flow survey tool. A complete recovery Ccurve was
ocbtained. The data sehould facilitate the assignment of

transmisgivity values to the entire section of 2,525 m and 800 m.
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The borehole flow survey can be used to divide the transmissivity
among tha two aforementioned permeable depth intervals in the

hole. The tests mentioned above that were run subsequent to the

praparation of the report under review can be used to check these

procedures. The question raised by the three sete of tests |is
how to. interpret the apparent leaky characteristics of the two
aquifers in combination or of the lower aquifer. The leaky lower
aquifer would make the combined test appear to be leaky even {if
the upper aquifer is net leaky. None of the tests displavy the
characteristics of delayed yield. Consequently the system must
be acting as a confined system,

The packer injection tests were conducted in the well to
obtain transmigsivity valuegs for the relatively low permeability
zone between depths of B803 m and 1,200. me As explained
praeviocusly the packer 1injection tests are in reality slug
injection tests that ghould be analyzed by the Papadopolus-
Bredehoaeft-Cooper methods. Slug 1njecticﬁ tests  for the seven
intervals are shown in the report. These tests are identified as
test 1| in the depth interval 581 to &07 m, test 2 in the depth
interval 4606 to 640 m, test 7 in the depth interval 835 to 8&% m,
test B in the depth interval 871 to 1,220 m, and test 10, depth
interval 1,155 to 1,220 mnm. Data are plotted in the form of
standard slug teets coordinates of H/Ho versus time. Several of

the curves probably will not fit type curves very well. Two of
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the curves (test 7 and test 8) have anomalous humps that should
be axplained in some manner.

The raw data base examined at the workshop indicates that
ten slug injection tests were performed on well USW H-é.
Co_mparu'on ef the report with the data base reveals that test 9,
test & and test S were not used‘in the report. Examination of
the field data suggest that test S was not used in the report
becausae it was not run for a sufficient length of time. The
total length of the test was 3.9 minutes. The reason for the
length of the test is not obvious. Apparently test & was not
used because the shut-in test fellowing the slug injection test
ravealed that somcthlhq had gone wrong with the system. Test §

was not used because tha curves revealed that something had

malfunctioned.
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Th§ following comments are notes made by Dr. George
Bloomsburg on his observations of data for the unsaturated zone
and ralated events that transpired at the subject data review
session. These notes have been edited and reviewed by Roy
Williams. These notes pertain to the ground water flow analysis
modeling of the Franklin Lake playa since this involves
unsaturated flow data. These notes also cover the eite
‘ungaturated zone hydrology section which primarily caonsists of
data taken from wslls UZ-1, G-1, G-2, 25C1 and H~1. All these
wells have some sort of data taken will be of interest for

clagsifying the unsaturated flow zone.

July 24, Denver Egde;af.genger

The wmeeting started about 8:40, The mo&eratar was Bill
Dudley of the U.S5.G.S5. who explained the objectives of the
warkshop. The primary objective ig to prepare the NRC and their
consultants for the Environmental Assessment, The discussion
during the meeting would be on the facts of the data and not
cpinions uo there should be no analysis or discussion of
analyeis. After the introductory remarks mentioned previously,
we divided up into the various interest groups. For the
unsaturated +low analysis, Fete Ornstein of NRC., Scott Tyler of
Dasert Research Institute, Tom Nicholeon of NRE and 1 talked to
Farvez Montaser of the U.S.G.S. We first discussed how we would
apprcach the data review and what we wanted to look at firet., UWe

were infaormad that there were video tapes available of well U2Z-1
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that we could view ta get some idea of the fracture pattern. UWe
yiewed the tapes and then discussed various aspects of drilling
Eechntques and cementing techniques and the perched water table
during the drilling of UZ-1.

We next looked ﬁt the design of the instruments for this
well. Basically after the well was drilled, the instrument
column was constructed above ground by fastening the
ﬁsychrometerc haat .dissipatian probes,: and pressure measuring
devices, to a 4~-inch PVYC pipe. . The cables to the various
instruments were then extended up through the pipe. The pipe was
placed in the borehole and.the borehole was then backfilled. The
various instruments were isolated from each other by the use of
bentonite backfillt the backfill consisted of e€ilica flour
alongside each instrument which provides a very fine-grained
material which is relatively inert. For the oaperation .af the
psychrometers, the moisture in the parent material must move
through the egilica sand and affect the vapor pressure of the air
at the psychrometer. A complete well log is available shawing
the location of all the psychrometers and the heat dissipation
probes. A neutron log also was obtained of the well before the
ingtrumente were placed in positiaon. The neutron log was used to
determine the moisture content. The moisture content of the
drill cuttings was determined at various elevations by taking the
cuttings to the labératory and using the psychrometer to

determinae the moisture potential in the cuttings. Data are
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in!lable for the moisture content and fluid potential of the dry
cuftinds as well as inplace values from the neutron log and the
data from the psychrometers in the hole.,., The fluid potential of
tha top faw tens of feat is lower than at greater de;ths where
the Topopah Formation cccurs. The potential in the Topopah
Formation and the moisture content is relatively constant. Data
are available from the psychrometers as well as from thé heat
diesipation probes for tha entire length of hole UZ-1. The time
data fram the psychrometers were sufficient to determine how long
it tock for equilibrium to occur. This equilibrium period was as
lang as 220 days in the case of one level. Qther psychrometerse
did not require as -long to reach equilisrium. The heat
dissipation probes were placed near the psychrometers. They were
aleo designed to measure the potential in the parent rock. They
appear to be saiisfactary for up to five bars potential but were
not good for the 15 bars for which they were intended. When the
heat dissipation probes were installed, they were surrounded with
silica flour that was wetted to one bar tension. This was done
80 that the silica flour would be on the draimage part of the
historesis curve.. The S0-day equilibrium value from the
psychrometer as well as the dissipation probes agree in general
with the laboratory data far the general moisture or potential
distribution. Considerable scatter is displaved 1in all these

data as one would expect.
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' All the above discussion pertains to well UZ-1. We next
went to the available data on well H-1. For this well, as well
as for some other test holes, cores are available which have been
investigated in the laboratory for parosity, relative
conductfvtty, and porosity saturation relationships. The pore
size digtribution was determined by using mercury porosimeters.
The saturated conductivities were, in general, determined by gas
flow methods because of the very low values of conductivities.
Those values do have to be corrected to the permeability of water
by using the Klinkenburg process. The relative conductivities
vare then calculated by the Brooks-Corey:relationships and bv the
mathods uf Maulem for determining relative conductivity from the

mcisture content potential data.

Meeting of July 25. 1984

Tom Nicheolson, Pete Orstein. and Scott Tyler and 1 again met
with Parves Montaser, The first data reviewed related to the gas
permeability measurements of cores removed from wells G-1 and E-~
2. Thase data were plotted as permeability K versus the
raciprocal presasura. According to the Klinkenburg effect thig ts
a plot which removes the compressibility- and slip flow effect
when permeability (s measured with a gas. Some of these data
appear to have considerable scatter and a consistent difference
from what one would ordinarily expect. The expected plot tg a
straight line. When this straight line is extended to & very

large value of pressure, the permeability should be that of a
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liquid. However, on many of these tests the pressure
measuraments are erratic and it would be difficult to fit &
straight line to the data. In other instances the data appear
much as & desaturation problems as the pressure increases or the
gsaturation decreases, the permeability decreases.

I am very puzzled by these data. Parves stated that this
process ig worked out in his PHh.D, dissertation. 1 will need to
obtain a copy of Lt in order to understand just what he has done.
Mercury injection was used on the cores to determine the
relationship bgtween saturation and pressure. These data mav
then be used by either the EBrooks-Corey or the Maulem
relationships to determine the relative permesbility pressure
relationghips. Two of the cores also will have complete
laboratory data abtained for the relative conductivity.

Some discussion 1nvolved the measurements of ga&s movement,
thermal gradient, thermal conductivity capacity, and vapor
movement upward from the water table as measured in well UZ-l.
Some discuseion also transpired on H-1 and the fact that it was
drilled with focam 30 that the naturgl moisture content and
related properties as measured by the cores in the laboratory is
comewﬁat suspect. We then discussed the UIN wells, & series of
relatively shallow haoles which are to be used to characterize
infiltration conditions. These holes are designed for neutron
probes so that moisture content can be measured to depths of 100G

feet. These holes will be drilled with no drill pad and there
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will 5! minimum surface disturbhnce. It is hoped that the data
cbtained from these may be such that the effect of infiltration
events can be measured. Some discussion also centered on well
UZ-4 and the high constructicn costs.

Oﬁ the afternoon of July 25 a discussion was presented by
John Cernecke of his data on Franklin Lake playa. The reason for
cbtaining data on the playa is that a sensitivity analysis of the
mathematical modeling and parameter determination has revealed
that the amount of evapotranspiration (ET) or discharge from the
ground water flow system at Franklin Lake playa is very important
to determining the transmiesivity values. Consequently they have
drilled a number of shallow holes at Franklin Lake playa to
measure the moisture content at various depths. 'These data will
provide a means for determining the upward flux through the <soil
profile which then evaporateg from the surface. The water table
is relatively shallow over all of this regiont! it ranges from
floging wells at the narthern end to a depth of about 13 feet at
the center. The drilled holes show that the vertical gradient is
upward., There are four tensiometer nest locations which consist
of +From ¢twa to twe!ve tensiometers each. The cores which were
removed whaen the tensiometers were put in place will be analvzed
in the laboratory for the relative conductivity-moisture content
relationghips. These data, along with the tensiometer readings.
will facilitate determination of the upward flux bv simplv

applying Darcy's law to the upward flow. Another method of
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dqtermining ET will be based on the Eddy correlation process.
This method {s basically an energy balance equation that relates
to the net radiation sensible heat, soil heat flux, clayton heat
of vaparization of water to the avapotranspiration rate. The net
radia$1cn is measured with the net radiometer which has an upper
hal+ .qloba for incoming short-wave radiation and & lower hal#
globe for outgoing long-wave radiation. The sensible heat is
measured by taking the cross product of air temperature and
vartical wind speed ten times per second. The soil hﬁat flux is
measured with a plate buried just below the surface of the soil.
The thermal conductivity of the plate is.appraximately equal to
that of the g0il. The plate measures the temperature gradient
vertically across itself to compute heat flun into or out of the
ground. A data logger at each installation integrates all the
above parameters and records the data.A The data obtained +for
this mathad so0 far shows the avapotranspiration to be a maximum
of .3 cm/day in the month of June. The Walker—-Aken method 1s
another method which will be used for determining ET which is an
ampirical correlation with elevation. Some discugssion ensgsued
about this method as to whether it should be corrected for
temperature when the correction is made for a possible 4%
increase in precipitation during fluvial times. In general, the
results of the modeling effort resulting from this ET computation
reportedly agrees fairly well with the field data. However, we

did not see any data to prove this.
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We prepared a list of data which we w;nted to obtain from
Parves Montaser. Tom Nicholson, Pete Ostein and 1 reviewed these
data in detail. We first reviewed the psychrametric data +rom
borehole UZ-1. The +4imnal result of this work is plotted as
matrix potential versus depth in the hole. Weather data obtained
included rainfall, temperature, relative humidity and barometric
readings from a weather station in the vicinity of the hole. One
question raised was precisely where the weather station is
located. 1In addition to the psychrometers, head dissipation
probes also ara placed in the hole. The ocutput from the head
dll;ipation probes also are plotted as matrix potential versus
time. Nothing appears to be unusual about these data.

We reviewed the design of the UZ-1 hole. This hole is 48
inches in diameter +for approximately 10 feet?! 3I& inches 1in
diameter for another 20 feet: and 17~1/2 inches in diameter over
the remainder of its depth. Gas permeability values were
reviewed. Thesae data are plotted as permeability in millidarcies
versus the inverse inlet pressure. Many of these sets of data
appear to have problems. These data should plot as a straight
line of positive slope. However, many ser of data have sections
;f negative slope with minimum and maximum points. These data
should be reviewed in great detail and perhaps some of the tests

repeated in order to be sure that there are not mistakes or

mal functiong of the equipment.

.
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Another factor that should be noted about these data is the
wide range of values of permeability in the Topopah Formation.
These values range over approximately six orders of magnitude
which waﬁld make modeling the flow system very difficult. We ran
the linear regression on a typical set of dataj the resulting
correlation coefficient was above: .9, which 'would indicate
reascnably good correlation. However, the data do not appear to
be consistent. Moisture retention curves from H-4, G-, and G-2
. were reviewed. These data consist of matrix potential versus the
volumetric water content. Calculated values of relative
permeability as a function of moisture content for G-1 and G-2
aleo are available. The equations used to calculate the relative
permeabilities will be reviewed. It was stated previaously by
Parves Montaser that relative permeabilities.would be determined
experimentaily on several samples. It would be advisable for the
gample from G-2 collected at 1,395 Ffeet to be analyzed for
effective permeability in the laboratory because the calculated
values do not appear to be consistent with the moisture release
Curves. It also would be advisable that another sample from G-1
at 500 feet be tested enperimentally. This observation also is
becausae the moisture characteristic curve does not appear to be
cengistent with the calculated relative permeability curve.
These data also appear to reflect a wetting process so thev

require some explanation.
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Several plots of permeability as histograms were available

alsoi however, it is not clear from which well they were

.collacteds the permeability values are negative which is not the

usual,

A 'number of questions ware raised during the review of the
water contents of the cores from the H-! hole. These questions
areae: 1) What foam was used for drilling? 2) What is the
hydrophobic nature of the surfactant in the foam? 3) What is the
effect of the surfactant on surface tension? 4) What is the
overall effect of surfactant on water content?

The thecretical fracture computations and the plots of
permeability to liquid and gas versus the pressure or saturation
were raviewed next. The computer programs that generate these
curves appear to work satisfactorily. However, we would like an
explanation of the helium porosity experiments mentioned durlng
the review. The techniques, assumptions, and how the test is
conductaed are the pertinent paints,

This completes the observations made by Dr. Eloomsburg.
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1 am sending this portion of our trip report so that you can
digest’ {t expeditiously. I will prepare and send .the

observations of Jack Hess on hydrochemistry and by Marty Mifflin
on the WT wells as soon as [ receive them and review them.
If you have any questions, please call.
Sincerely,
ﬁ%/ E. weléta ‘”""/4("
Foy E. Williams
Fh.D. Hydrogeology
Registered in ldaho
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