Department of Energy
Washington, DC 20585

0CT 51992

Mr. Joseph J. Holonich, Director
Repository Licensing & Quality Assurance
Project Directorate
Division of High-Level Waste Management
Office of Nuclear Material Safety
and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Holonich:

In its Phase I review of the U.S. Department of Energy’s (DOE)
Study Plan 8.3.1.2.2.3, "Characterization of the Percolation in
the Unsaturated Zone-Surface-Based Study," the U.S. Nuclear
Regulatory Commission (NRC) requested that DOE provide references
cited in the study plan that are not readily available in the
public domain (enclosure 1). Enclosure 2 contains the references
requested for Study Plan 8.3.1.2.2.3.

If you have any questions, please contact Mr. Chris Einberg of my
office at 202-586-8869.

Sincerely,

John P. Roberts

Acting Associate Director for
Systems and Compliance

Office of Civilian Radioactive
Waste Management

Enclosures:
1. Ltr, 3/26/92, Holonich to Roberts,

w/encl
2. References for Study
Plan 8.3.1.2.2.3

(Not Record Material)
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cc: w\enclosures
Alice Cortinas, CNWRA, San Antonio, TX

cc: w\enclosures

C. Gertz, YMPO

R. Loux, State of Nevada

T. Hickey, Nevada Legislative Commission
M. Baughman, Lincoln County, NV

J. Bingham, Clark County, NV

B. Raper, Nye County, NV

P. Niedzielski-Eichner, Nye County, NV
G. Derby, Lander County, NV

P. Goicoechea, Eureka, NV

C. Schank, Churchill County, NV

F. Mariani, White Pine County, NV

V. Poe, Mineral County, NV

E. Wright, Lincoln County, NV

J. Pitts, Lincoln County, NV

R. Williams, Lander County, NV

J. Hayes, Esmeralda County, NV

M. Hayes, Esmeralda County, NV

B. Mettam, Inyo County, CA

C. Abrams, NRC
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Mr. John P, Roberts, Acting Associate Director
for Systems and Complfance

Office of Civilian Radioactive Waste Management

U.S. Department of Energy

Washington, DC 20585

Dear Mr. Roberts:

SUBJECT: PHASE 1 REVIEW OF U.S. DEPARTMENT OF ENERGY (DOE) STUDY PLAN FOR
CHARACTERIZATION OF THE PERCOLATION IN THE UNSATURATED-ZONE -

SURFACE-BASED STUDY

On May 10, 1991, DOE transmitted the study plan, “Characterization of the
Percolation in the Unsaturated Zone - Surface-Based Study® (Study Plan
8.3.1.2.2.3) to the U.S. Nuclear Regulatory Commission (NRC) for review and
comment. NRC has completed its Phase I Review of this document using the
Review Plan for NRC Staff Review of DOE Study Plans, Revision 1 (December

6, 1990).

The material submitted in the study plan was considered to be consistent, to

the extent possible at this time, with the NRC-DOE agreement on content of
study plans made at the May 7-8, 1986, meeting on Level of Detail for Site
Characterization Plans and Study Plans. The NRC staff recognizes that some of
the information required in the agreement, especially many of the technical
procedures for field and laboratory tests, cannot be provided until the
prototype testing described in the study plan is completed. The staff did not
consider that the absence of such information compromised its ability to

conduct 1ts Phase I Review of the material provided. However, the NRC staff «
requests that the procedures, methods, and other relevant details be provided
to NRC for its review as soon as that information {s avaflable. 54

Among the references listed for this study plan are several which have not been
provided to NRC and are not read{ly available in the public domain. We
therefore request that DOE provide the NRC with the documents which are 1{sted

in the Enclosure.

A major purpose of the Phase I Review is to identify concerns with studies,
tests, or analyses that, §f started, could cause significant and {irreparable
adverse effects on the site, the site characterization program, or the eventual
usability of the data for licensing. Such concerns would constitute objections,
as that term has been used in earlfer NRC staff reviews of DOE's documents
related to site characterization (Consuitation Draft Site Characterization Plan

and the Site Characterization Plan for the Yucca Mountain site),

It does not appear that the conduct of the activities described in this study
-plan will have significant adverse impacts on repository performance and the
Phase I Review of this study plan identiffed no objections with any of the

214 enoLosusg 1
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activities proposed. This decision was influenced by the following
considerations: 1) the information from this study plan 1s important to site
characterization; 2) there does not appear to be & noninvasive method of
collecting the data; 3) the study plan commits to sealing each unsaturated zone
borehole within the Conceptual Perimeter Drift Boundary; and 4) the study plan
has outlined a process to develop acceptable borehole sealing requirements and
approaches. The NRC staff expects that proper sealing of boreholes will be
performed consistent with 10 CFR 60.134 (a) which states, "Seals for shafts and
boreholes shall be designed so that following permanent closure they do not
become pathways that compromise the geologic repository's ability to meet

the performance objectives for the periocd following permanent closure." These
conclusions regarding boreholes described in this study plan should not be
construed to mean that the NRC has reached the same conclusions with respect to
additional or other borehcles not identified tn this study plan ({.e.,

study plan 8.3.1.2.2.3, Revisfon 0).

After completion of the Phase I Review, selected study plans are to recefve a
second level of review, called a Detailed Technical Review, based on the
relationship of a given study plan to key site-specific {ssues or KRC open
items, or its reliance on unique, state-of-the-art test or analysis methods.
We have decided not to proceed with a Detailed Technical Review of this study
plan at this time, in part because the technical details required for such a
review will not be available until the prototype studies are completed.

If you have any questions concerning this letter, please contact Charlotte
Abrams (301)504-3403/FT1S964-3403 of my staff.

Sincerely,

Joseph J. Holonich, Director
Repository Licensing and Quality
Assurance Project Directorate
Division of High-Level Waste Management
0ffice of Nuclear Materfal Safety
and Safeguards

Enclosure: As stated

cc: R. Loux, State of Nevada

C. Gertz, DOE/RY

S. Bradhurst, Nye County, NV

M. Baughman, Lincoln County, NV

D. Bechtel, Clark County, NV

D. Weigel, GAO

P. Nfedzielski-Eichner, Nye County, NV
C. Thistlethwaite, Inyo County, CA

VY. Poe, Mineral County, KV

F. Sperry, White Pine County, NV

R. Williams, Lander County, NV

P. Goicoechea, Eureka County, KV

L. Vaughan'1I, Esmeralda County, NV

C. Shank, Churchill County, KV

T. J. Hickey, Nevada Legislative Committee
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ABSTRACT

A gev tise function has been defined vhich coa~
siders varistions of gas wiscosiLy and compressis
bility as a function of pressure, vhich in turn is a
function of time. This function appears to be
siailar to the resl gas pseudo-pressure, a(p)-of
Al-Hussainy et al., takes fato sccouant the

tion of pressure, - Hovever, this is an approxizmate
function as opposed to = ’. This tise function
will be referred to fn paper as the
pseudo=time, t..(p). This function has af
postetreatment pressure buildup analysis of frace
tured (including MHF) gas wells by type curve anal-
sis. Resulte of computer sisulated pressure
uildup snalysis fadicate that the use of t_(p) pro~
vides satisfactory values of computed fractlire
lengths fa fractured gas wells.

In this paper the real gas pseudo-time s
described and its applicaticn is demonstrated by
gpesns of example probleas. Although the discussion
in this paper is ited to pressure buildup anale
ysis of vertically fractured gas wvells, the utility
of this function is oot meant to be restricted to
such wells only.

INTRODUCTION .

In recent years, type curve analysis metbods?
have become well knowvn {a the petroleum industry for
analyzing both {:enn:e dravdovn and buildup data in
oil and gasg wells., These methods are meant to be
used ia conjunction with the conventfonsl methods
vhenever possidle. Exceptions appear to be MHF gas
vells vith finite flow capacity fractures vhere con-
ventional methods are aot ceadily spplicadle and, at
least to date, oaly type curve methods appesr prace
ticsl to deteraine fracture length and fracture flow
capacu{. Although the majority of published type
curves,® including those for MHF wells,?’3 are based
on the pressure drawdown solutions for liquid sys-
tems, they csn be used in an approximate fashion to
analyze pressure data from real gas wells., The
first requirement is that the dimensfonless pressure

sl gas

References and illustraticas at end of paper.

varistions of gas.viscosity and g-factor as s func~ -

snd time variables are appropriately defined for gas
vells. &raﬁg » to use the 1fquid systes t
curves for an li“ vgu. disensionless varisbles
are defined a3 follovs:

Dimensionless pressure,

Pud ® %E‘%}l )

(In ST units, the aumerical constant i3 1:28x10°3)

Dimensionless pressute, for s gas well, may also be
expressed in teras of 4(p%) or 4p.

Dimensfonless time,

th, 2 2:6% 2100 1t

)
)y x¢

(Ia ST units, the aumerical constant is 3.6x10°7)

The definition of dimensfonless fracture
capacity remains the sanme. .

I."w

Note that in Eq. (1), the resl gus
g:eudo-p:euure, a(p) of Al-Hussainy et al.¢'$
s been used to take §nto account the vaciations ¢
gas viscosity and z-factor ss a function of
pressuze. In Eq. (2), viscosity-compressibility
{pc.), 1is shovn to be evaluated st the initial
resir‘air pressure,

In analyzing pressure drawdovn data from real
gas vells using a thuﬂ system type curve, it is

- recormended chat the real gas pseudo~pressuce s

2.2.1.2L3
Ewnct. T
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used and A{a(p)) te be used in Eq. (1) is defined as
follevs: _

ala(p)] = nip;) - alp,,) O

It has Deen also estadlished thrt in snalyzing
presasure dzawdown dasta from gas wells by type curva
matching, reasonable angvers are obtained {f the
{pe,) product in Eq. 2 is evaluated at the initial
resécvoir pressure.!

In anslyzing pressure bufldup data using drawe
dova tyze curves, EEE additionsl restriction which
should be isposed is that the producing time, ¢
prior to shutein is significantly greater than Pthe
shutein time, At that i3 (t_+¢ At)/At o 1). This
should apply to both ofl andPgas vells. In the case
of gas vell buildup analysis, A{n(p)] is defined as

follovs:
aln(p)] = nlpy,) = 8(ps.0) ()

Hovever, in using type curves for analyzing
pressure buildup dats especislly from fractured gas
vells (even if the effect of producing time is
insignificant), it is mot clear as to vhich pressure
level the (pc,) product in the dimensionleys tera
should be evallated. The question arises whether
the (pc't) product should be evaluated at (1) the
fnitial ceservoir pressure, (2) the final flowing
pressure pricr to shutein, or (3) some average prese
sure, Results of this study f{ndicate that the use
of any one of .the sbove three pressure levels is
less than sstisfactory. In general, the use of the
fnitial reservoiripressure resulted in 2 {racture
length value greater:thaa the-actual; the use of the
final floving pressure provided a computed fracture
length which was smaller than the actual; snd the
use of an average pressure provided a fracture
length value which vas different than that used in
the computer model.

To overcome the above difficulty, & unew time
function has been studied. This has aided us in
postetreatment pressure buildup analysis of frace
tured (including MHF) gas wells. This function con-
siders variations of gas viscosity and compressidil-
ity as a function of pressure, vhich in turn is a
function of time. This function is naned real gas

seudo=time, t.(p). in this paper. This !unct.gon
Es analogous to'the real gas pseudo-pressure, a(p)
of Al-Hussaiay et al.,¢'S which includes the

effects of pressure dependent gas viscosity and
z-factor. It should be emphasized that t_(p) is an
spproximate function as opposed to m(p). *However,
it provides reasonable values of fracture lengths {n
pressure buildup anslysis of vertically fractured
gl:lvellt and should be most useful for MHF gas
wvells.

The discussion in this paper will deal with the
applicability and limitations of liquid system draw-
down type curves in analyzing pressure bufldup data
from gas wells. However, type curves for only vere
tically fractured wells wvill be coansidered.

The discussien viil also include a descripticn

of the nev time function, its computational proce~
q

"REAL GAS PSEUDO-TDME" == A NEW FUNCTION FOR
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TYPE _CURVES FOR VERTICALLY FRACTURED WELLS

During the past few years, type curves have
sppeared in the petroleum literature vhich caa be
used to analyze pressure datz from vertically frac-
tured wells. Gringarten et al.® presented type
cucves for infinite flov capacity fractures. Since
their type curves could oot be used for HHF vells
vith finite agacit feactures, Cinco et s1.3 sad
Agarval et al.2 published nev gets of type curves
(g.ni.u lfi'::tnre 30:’;:”:1:1) t:rcmus. Con~
stant vellbore ra cguu o rten

+* are shown {n

t al.® and Agarval et al Tigs. 1
and 2, tespecuuly.! Since all these type curves
are based on the pressure drawdovn dats {n liquid
systeas, it may first appear that they may not be

used to analyze (1) pressure bufldup dats in ofl
vells, sod () preassis drasiovn ind boilie-dita tn
55: vells, Rescits of this study indicate that the
above type curves can be used, at least {a sa
approximate fashion, to anslyze a variety of drav-
dowvn and buildup prodlems provided certaia restric-
tions are realized and & few modifications are made.

These restrictions will be examined next. )

1. Use of Drawdown Type Curves for Buildup

Let us ficst esamine the validity and limita-
tions of liquid systea drawdown type curves (sce
Figs. 1 and 2) to analyze pressure dats in
oil wells. Before these type curves may used,> it

{s important to note tha duration of producing time,
t’ compared to shutein s Oe _
a) Saall producing tise

If the gotoduclng time, ¢t , prior to shuteia is
relatively short such that ftPdoes affect the pres-
sure transients due to the subsequent 1dup, dzav-
down type curves should pot be used. Ia this case,
pressure tuildup type curves aeed to de geserated to
include the effect of producing time. This aspect
of producing time and fts effect on type curve anale
ysis has been discussed recently by Raghavan.?

Fig. 3, taken from his paper, presents buildup type
curves for a vertically fractured vell vith {afinite
flov capacity fracture (for x /ze = @), Dimension~
less pressure rise p s has béen plotted as a func-
tiocn of dirensionlesd shut~in tise, . A f[amily
of type curves is shown with dhensionlefs prodecing
tice, g, 23 3 parameter. This figure clearly
shovs the'limitations of drawdown type curves for
lul.{ztng pressure buildup data collected after

snall producing times. The effect of small pro~
ducing time will not be considered in the subject
study. However, a future paper is planned to cover
this aspect.

b) Long producing time

If the producing time prior to shutein is sig-
aificantly long (that is (t_ + &4t)/at = 1) so
that it does not affect the*transients due te prese
sure buildup, dravdewn type curves may bde used to
snalyze pressure buildup data. This should be
obvious from Fig. 3. The basis for this is depicted
schematically in Fig. & im which the pressure
behavior i3 shown durimg both constant rate drawdown
and pressure buildup perieds. According to the
pressure traasieat theory 8p during pressure deav~
down should be equal to that during the pressure
l;uildup (for t=3t) provided they are deficed as fol-
Vol i Sd
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(Ap)dnwdm B PPyt . (6a)

= (initial reservoir pressure)
~=(vellbore floving pressure]

(BPpyiraup * PaePe eae (6b)

= (shut-in pressure)
={vellbore flowing pressure
ia sdseace of shut-{n)

However, since Pt ¢4t is mot readily availe-
able, (8p)y,514,p 18 gofnally defined st equal to

Py * Ppeod)-
Thus there is a difference between the (Ap)““dm
and the vay (ﬂp)hu“w sre calculated. This dif-

fereace s equal to (PAt=0 = Pg_+at) and is shown as
the cross hatched ares in Fig. I 4

To further lavestigate this difference, an HIF
simulator? was used to simulste pressure buildup in
an MHF gas wvell, using the liquid system analogy
(pc, = constant). Reservoir acd fracture data are
shofa in Table 1. The vell wvas alloved to produce
at a constant rate for 180 days followed by a pres~
sure buildup test for 14 days. Pressure drawdown

and buildup dats expressed as 4{a(p)]/q s function - '

of time (¢t or At) in days are plotted on coordinate
graph paper and are shown in Fig. 5. Aln(p)] is

‘Jefined zs follows:

/ -
M""ndnwdm £ '(P‘, hd '(’vt) (7a)
and
AlaP) g1 dup = ®(Ppe) = B(Pgeg) ()

Kote that there is virtually no difference between
the drawvdown and buildup dats at early times. How-
ever, the difference gets bigger as time increases,
This differeace {s due to the way Ala(p)] up 18
calculated. Also shown on Fig. S as the LESifP

hatched area is [%(Paesg) © '(’t’Mt". vhich is.

equal to the above difference. Thus there is a
bazic difference betveen the drawdown and buildup
type curves. However, in many cases this difference
is not significant. This fact should also de
appazent from Fig. 3 where the difference between
the drawdown and buildup curve for long producing
times is shown to be small. This indicates that in
liquid systems, for large producing times, pressure
buildup data can be analyzed using drawdowa type
curves to cbtain resasonable answvers.

2. Use of Liquid System Type Curves for Cas Vealls

Next, we will examine the applicadility of
liquid system type curves for analyzing pressure
drawdown aad pressure buildup data obtaimed from
real gas wells.

a) Gas well drsvdown dats

To use the liquid system type curves for gas
well dravdovn data, it is cecomnended that rezl gas
pseudo-pressure, o(p) is used fa the dimensionless
pressure (p o) term and (uc. ) evaluated at the ini~
tial reservoir  pressure isSut{lized in the dimea=
sionless tise (‘Dx‘) tera. Fig. 6 shovs the
comparison betveen the drawdown type curve for
11quid and real gas systems. Dravdowvn dats were
geaerated using the MMF simulator and ceservoic data
shovn in Table 1 and gas properties data shown in
Table 2. Results indicate that the use of a liquid
systoa type curve for gas well dravdovn dats is rea~-
sonable provided that the above mentioned conditions
are wet.

If one gesuons the applicadility of these
type curves for & particular ’u geservoir because
of mutgﬁu properties and/or reservoir pressure,
as suggested in & cecent paper:, type curves could
be generated using an appropriate (pc,) function,
temperature, and pressure ranges specfuc to the
reservoir under study. These type curves should
thea be used for pressuce transient snalysis of data
from that reservoir.

b) Gas well buildup data

To use the drawdown type curves for gas wvell
buildup dats, considerations regarding the duration
of producing time, as discussed earlier, should also
apply. Coasequently, in this study {t will be
assunmed that the effect of producing time on pres~
sure buildup data {s insignificant. The effect of
the (pc,) product on pressure buildup data will be
asinly fonsidered. As mentioned earlier, for pres-
sure buildup analysis it is not clear as to the
pressure level at vhich the (pc ) product i{a the
dimensionless time term should Be evaluated.

To study this problea, the MHT gisulator was
utilized to generate pressure buildup ‘data on an MHF
gas well using real gas properties. Reservoir data
and gas properties used are showva in Tadbles 1 and 2.
As vag done for the liquid case, the well vas pro-
duced at a constant rate for 180 days followed by a
pressure buildup for adbout 3& days. Pressure drave
down and bufldup data expressed as Ala(p))/q as
function of time {n days are plotted and showva on
Fig. 7. HKote that this figure is similar to Fig. §
presented earlier for the liquid case. Jlm(p)] has
been appropristely defined.. Also shovn en Fig. 7,

as the cross hatched ares, is (a(pyep) = "’:FOA:”.

Hotice that there is a marked differeace betveen _the
dravdown and buildup type curve. This difference is
euch grester than that shown by the cross hatched
ares, mentioned above and discussed earlier.

The big difference in the drawvdown and buildup
curves for gas vells {s due to large vacriations of
(pc') ot (pc.) product as”a function of pressure.
For®gas wellf, (pc ) is approximately equal to
S *(pc ). Fig. 8 fhows the graph of (uc ) vs prese
s8ze t8c the simulated gas well duildup ®case. Note
that the vaciations {n (pc_ ) are such lacger in
the low pressure range (scy‘belcu 2000 psi) than
those in the high pressure range (say above 3000
psi). This indicates that during the pressure
buildup, changes {n the value of the (uc‘) preduct
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will be more severe at a lowver pressure than at a

higher pressure. In the absence of the effect of

producing time, this should explain the large dif-
ference between the drawdown and buildup curves.

The effects of variatfons of (pct) product as a
function of pressure on drawdown data are well knowm
in the petroleum {ndustry. As early as 1962,
Carter® proposed s method to find formation flow
capacity based on dimensionless time correlation.
vherein viscosity and compressibility vere point
time functions. Al-Hussainy et al.® established
that solutions for the flow o% ceal gases should
correlate as functions of dimensionless time based
on initial values of viscosity and compressidility.
Unfortunately, there is only limited work done to
iavestigate the effect of (pc.) variations oa pres-
sure buildup data in gas welll. Recently, Scott®
suggested consideration of the varistions of (pe. )
as point time functions in pressure buildup mlish
of MHF gas wells.

During the course of this study, s nevw time
function has been developed which takes {ato accouat
the varistioas of (pc, ) product as a function of
tise and pressure. This function appears to provide
excellent engineecing answers wvhen applied to gas
vell buildup data. This function will dbe discussed
aext.

REAL GAS PESUDO-TDIE, t,(p)

Al-Hussainy et sl.% defined pesl gas pseudo=
pressure,

. |
o(p) & 2 f M ORORG (8)
’C

wvhich takes into sccount the variations of gas vise-
cosity and z-factor as a fuactfon of pressure with
Py 23 & low base pressure.

In this paper an analogous function is defined
as follows:

t
E() e [ 0t 9)
‘ e BCRE (R

(-]

vhere §§ and &, are used to denote viscosity and
systes conptef'sibuuy as a function of time rather
than ¢ and ¢, wvhich are usually expressed as funce
tions of presSsure. 1If € _(t) is redefined as 2
function of pressure, a fev function is cbtained as

P [a
d
t(p) = j e, () dp (10)

P,

vhere p and ¢ ace fenctions of pressure, This
functfon is réferved to as real gas’pseudo-time,
t‘(p). in this paper. ;

If tims and pressure are assumed to nrf
linearly with each other, over small time incre-
ments, Eq. 10 can be approximated as

St - t,) '

Kots that in Eq. 11, ¢, represents flowing tiae for
a drawdowvn test and lh!!t.-ia time for 2 buildup test.
£q. 11 may be rewritlen as

S (e ee )
g(pjuz:_l_.l.l.(x(,).“, O an
a (P -p ) ‘ 1

3=t 3 %=1

vhirs an {ntegral
I(p) "/"> ﬁﬁ%‘ﬁ (13)
Po

can be evaluated bdeforehand wsing ¢ and ¢, as funce
tions of pressure. In Eq. (13), p_."is a fow base
pressure and p s the maximum ptesgure of iaterest.
The above integral, expressed in graphical oc
tabular form, can be used {n conjunction with Eq. 12
to compute real gas pseudo time, ¢t (p). Since ¢
rather than ¢, is acormally availabld as a function
of pressure, the folloving relaticnships may be
utfilized.

€ = s‘ e. * So e ¢ 8' €, ¥ ¢ (14)

For & gas wvell, Eq. 14 {s usually approximated as

L] S‘ A 1s)

Going back to Eq. 11, it should be noted that

during the time intecval, &t , = ¢t = t. . and the
p, 5 3 welvls

pressure change, &p, = p pj 4 cosity=
compressibility p:od&ct dct’j ﬂ defined by

P
J
1 | d
tﬂc'_fj ® Ap‘J’J . vb)ctlpf (16

vhere, § 21,2, ..., 8
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This definition in Eq. 11 gives Eq. 19 appears very siailar to Eq. 2 vhere time

(t) has been replaced by ((pe ), ¢ (p)]. This ség-

e gests a correspondence betwees lhe cesl time snd the

at pseudo-time. This also implies some correspondence

s ()= Z m‘t)- (17) between the floving time for a drawdovn test and the
t’s shut~in tise for a buildup test as well be shown

i=1

Eq. 17 clearly indicates that the units in
t_(p) consist mot only of time but s combination of
» viscosity, and compressidility.

COMPUTATION OF REAL GAS PSEUDO-TIME, ¢ (p)

Since Eq. 12 for t_(p) contains an integral,
1(p), given by Eq. 13, &omputation can be performed
using efther graphical or tabular data. Simply, it
¢aa be accomplished by means of & cosputer or a desk
calculator. Trapezoidal or Sispson‘s rule can be
used. Integration can bde performed by resding mid- -
point values of (1/pc. ) from the table or graph and
sultiplying by &p. Cleputations of I(p) utilizing
gas properties in Table 2 are outlined in Table 3.
Fig. 9 shovs a graph of (1/i2c,) and I(p) as a funce
tion of pressure. Although ot showvn, it is also
useful to prepare a similsr graph for real gas pseu-
do-pressure, af{p). Thus I(p) and m(p) curves pre-
pazed for the gas ia a specific reservoir can be
used as master graphs for future wells ia that res-
ervoir. The I(p) curve is used in conjunction with
Eq. 12 to convert real times to corresponding pseu~
do-times for the specific application.

| CERTAIN USEFUL ASPECTS OF t_(p)

Before discussing the application, let us con-
sider certain aspects of resl gas pesudo-time,
t (p):
a

Definition of dimeasicnless time
¢ t.(p) is used to express the dimensionless
tine ters, 'Du‘, thea

-4
-636
22682107k )

‘Dut
=g

(18)

Siance the viscosity-compressidbility product is
already included ia t_(p), it does mot appear in
Eq. (18). To express an snalogy between Eq. 18 and
Eq. 2, the above equation can be multiplied and
divided by (ic,), evaluated at the initial reservoir
pressure. Thif i:ovldes *

t

tpex. = 2:636 x 10°%

Qase)
£ O(Hcg)‘x‘z

[luey)y * e (p))

It should be noted that in Eqs. 18 an
geaeral defimiticn of dimensionless time, has
been used. Accordingly, it may represent dtnesuon-
less dravdowva time or dimensionless buildup tise
depending oa whather t.(p) ia £q. 12 has been calcue
lated using the floving time, t, or shutein time,
at.

19, a

pext.

" Correspondence betveen flowing and gshut={n times

The subject correspondence f{s being establisbed
based on certain ebservations rather thsa cigorous
sathematical solutfons.

Although the use of the creal gas pseudo-tise,
t_(p) i3 aot meant to be restricted, this study
points out that the dimensionless time (see Eq. 18
or 19) for gas well buildup data correlates much
better as a fuaction of :.(p).

Based on the earlier work of Al-Hussainy et al.¢,
it appears creasonsble to assume that the dimensiom~
less time for pressure dravdovn data should corre~
fata as a functfon of the (uc ). product evaluated
at the f{nitial reservoir prufnte as shown in Eq. 2.

A comparison between Eq. 2 and Eq. 18 or 19
iwply the following correspondence between the
. floving time, t, and the shut-in time, &t:

t L]
rp—c‘—,z t.(l’) (20)
or,
t ~[uc,), - ¢ (p)] 21).

It should be moted that the shut-in time, A,
is already included in t.(p). The use of the adove
concept appears to provide s number of practical
benefits.

1. This sllovs us to use the same definition of
the dimensisnless time (see Eqs. 2 and 19) ia
type curve analysis for both pressure dravdowa
and buildup data.

2. In perforaing type curve snalysis of tde com~
biaed pressure dravdown and buildup data from
the same well, it is possidle to plot dravdowva
data as a function of time (t) and duildup data
as a function of [(pct *t_(p)] using the same
graph or tracing paper. ‘Th!s concept, slong
vith the superposition principle, was utilized
in a companfon paper by Bostic et al.®

This also permits us to compare drawdovn and
buildup data from the same gas well, as shown
fn Fig. 10. This will be discussed mext
showiag the application of t‘(p).

APPLICATION OF REAL GAS PSEUDO-TNIE, ¢t (p)

To fllustrate the applicatfon of real gas pseu~
do-tioe, let us coasider the pressure drawdowva aad
buildup data, shown in Fig. 7, for the gas well
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case. These data have been replotted in Fig. 10 and
are shown as Alm(p)])/q ss a function of time (t or
at) ia days. Ia this figure, solid liae with cic-
cles represeat the drawdown data vhereas the solid
line with trisogles i{s for the buildup dats. As
sentioned earlier, there fs a considerable differ~
ence between the two curves. These bufldup dats,
being so much on the pight side of the drawdown
curve, imply that the use of (pc ) at the {anitisl
reservoir pressure will gesult 1X computed fracture
length which is much greater than the sctusl. Thais
aspect will be investigated later by means of type
curve anslysis.

To use the concept of resl gas pseudo-time,
£q. 12 vas used {n conjunction with Fig. 9 to con~
vert shut-in time, At, to t.i(p). Eq. 21 vas uti-
1lized to express these data™in terms of equivalent
floving tise, t or (pc.) w..(p). It ensbled us to
compare drawdown snd bufl data on an equivalent
time dasis. Pressure bufldup data plotted as »
function of (pc,.) -t‘-(y) are shown as the dotted
line with tmnflh. Note that the result was to
sove the buildup dats (shown as trisngles) hocizon~
tally from the solid line on the right to the dotted
line on the left. Also the modified buildup curve
came very close to the drawdown curve, This figure
slso indicates that real shut-in times, At, are
equivalent to only about 60% of the equivalent
flowing times, t. For example, the real ghute-in
time of 6 days {s equal to only sbout 3.7S days of
the equivaleant flowing time. It {s possidle to plot
shut=in tise, 4t as a function of equivalent flowing
tine, (pc. ).t _(p). This is shown in Fig, 11. The
solid 1inf fepfueuu the gas case and the dotted
line is for 1liquid case. This figure clearly shows -
that shutein times fur liquid case are equal to the
equivalent floviang times, vhereas they are much less
for the gas case. Tais indicstes that a graph
similar to Fig. 11 should also prove useful in the
design of a pressure buildup test on an MIF gas
well. For example, if a pressure bufldup test is
required to be run for sn equivalent flowing tizme of
€& days to cbtain the desired information, it may be
necessary to ruan the test for about 10 days, wvhich
is almost twice as long.

Let us zext consider the effect of ("‘t) pro=
duct evaluated at different pressure levels on the
type curve anslysis of gas well bdbuildup data. The
values of computed fracture lengths will be compared
against the actusl total fracture length of 1000 -
feet used in the simulator. Pressure drawdown and
buildup dats presented in the preceding example will
be utflized for this purpose. Fig. 12 shovs a sum-
ilog graph of pressure bufldup snd drawdovn data
expressed in dimensionless quantities. Dimension-
less pressure, p ., has heen plotted as s function
of dimensionless time, . For drawdown data,
(pc,) product ia the dtnenfionless time vas evalu-
ated at the init{al reservoir pressure. This curve
will be considered as the reference type curve.

Data curves for buildup dats have been plotted
using the (pc, ) product at the initial reservoir
pressure, p,, and the final wellbore floving prea=
suzre prior lo shut={a, p » $Since the data curve
using (uct) is on the x*iﬁg-hand side of the draw-
deva type eﬁrve. matching will provide computed
fracture length vhich is greater than the actusl.
Oa the other hand, the data curve using pc, at

Pac=o® being on the left-hand side of the feference

type curve, provided a computed fracture length
which fs smaller thsn the actual. A third data
curve is also shown vhich utilized Eq. 18 to fncor=
porate the concept of ceal gas pseudo-time function.
Results of curve matching, using the pev time func-
tion, gave rvesults vhich are close to the actual
fracture length.

N

Table & provides s cospsrison of fracture
lengths, computed by type curve analysis, using the
(prc, ) product in the dimensionless time term at vare
touf preasure levels. Results of four sets of sisu-
1ated gas well buildup data are shovn, vhere both
the value of fracture leagth and the level of final
flowing pressure p vers varied. Inmspection of
Table & ceveals thit Desults are affected by the
(pe,) product used and the level of the final
noﬁm pressure at the instant of shutein. The use
of (pcc) provided values of computed fracture
length ch are too optimistic. The effect is
further exaggerated at a lower value of the floving
pressure. The use of the (yc ) product at p t
provides a low but reasonabletvalue f P & gh-
tively high, otherwise it provides pcsuﬁsue
values of fracture length. The use of ceal gas
pseudo-time provided computed fracture length values
sinilar to those entered in the simulator. Based on
a aumber of computer runs, it sppears that the con~
cept of real gas pseudo-time function {s useful {a
snslyzing postetreatment dufldup dats from fractured
(including MHF) gss wells.

Steps Used in Applying Real Cas Pseudo-Time Function
or_Type Curve Matching

The folloving step-by-step procedure should be
useful £n applying the concept of real gas pseudo~
time to gas vell buildup data for type curve
eatching purposes.

Step 1

Prepare a tadble of gas properties as shown in
Tadle 2. Compute real gas pseudo-pressure, a{p) and
integral, I(p) as a function of pressure and plot
thea on coordinate graph paper.

Step 2
Tadulate pressuce duildup datas, Ppy V3 &,

Usiag tke adbove figure, coavert Par to -(p“) and
compute Alaflp)] = .(’A‘) . .(’At‘o).

Step 3

Using the figure for I(p) and Eq. 12 convert At
to t_(p). It should be moted that t (p) already
contiing the (ve,) product.

Step &

Ploc Alm(p)) vs t.(p) on a tracing paper utie
liztng the appropriate type curve. Type cucve
matching should be done {a the usual manner. For an
MO well, if formation flow capscity is known a
priori, the vertical position of the data plot may
be fixed oa the y-sxis of the type curve. Othervise
the matching should be done by sliding the tracing
paper parallel] to both x and y axes.
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Step S
Once & match is obtsined and & match poiat {s
tlected, the fracture length is calculated as

. ﬁss&:m“k i, (ply

. (22)
lm‘lu

In regazd to the ¢ term in the above equatien, the
following should be pointed out:

I£ the (pc,) product {a the resl gas pseudo-
time, t (p), i3 based on the system compressibility,
c, =8 "c ¢S ¢S e'u.uenommldum
t5tal forBstly tn YheVsyltea.

If gas compressibility, c_; has been used .
fastead of €,, then ¢ should beSreplaced by hydro- °
catbon porosf:y. L] .

Once the value of x, is determined, the frace
tuce flow capacity can b‘ determined by Eq. 3 as

(kt") = G‘w)(kx‘) ad-ft (23)

CONCLUDING REMARKS

As 8 result of this study, the folloving
tensrks sppear warraated:

\_ e A nev time function [real gas pseudo-time,

t_(p)) has been developed which has afded in
postetreatment pressure buildup analysis of
fractured (iacluding IOIF) gas wells.

2. This functiocn is analogous to the real gas
pseudo-pressure, a(p) of Al-Hussainy et sl.?
Although {t i{s mot & rigorous functioa, {t pro-
vides excellent engineering answvers for verti-
cally fractured gas well bufldup analysis.

3. There is & basic difference betveen the drav-
down type curve and the buildup type curve
becsuse of the different vays Sla(p)] or &p are
calculated for pressure drawvdown and dufldup..
Hovever, drawdown type curves may be used for
buildup dats provided the producing time prior
to shut-fn {s leng (that is (t’ ¢ At)/4t 1),

4. TFor small producing time prior to shutein,
buildup data should aot be analyzed by dravdown
type curves.

S. To use liquid system type curves for gas vells,
the folleving points should be noted:

s) For analyzing gas well drawdown dats, the
use of liquid system type curves appears

reasonable provided that the real gas pseu-

do~pressure is used in the dimensionless
pressure term and the (pc ) product in the
dimensionless time is evallated st the inie
tial resesvoir pressure. However in cer~
tain cases, because of unususl gss
properties or reservoir pressure, type
curves should be generated using the appro~
priate (uct) functicn, temperature, and

Ala(p)) = difference in real gss pseudo-

pressure ranges sod then used for the spe~
cific spplication.

b) For gas vell bduildup data, t.bc use of (pct)

product at the fnitial ceservoir pressure
provides optimistic values for fracture
lengths whereas the (pc.) at the final
floving pressure p:ovid%s pessimistic
values for fracturs length. 7The use of the
real gas pseudo-~time provides satisfactory
values of fracture length.

6. Due to the effect of variations of (yc )
on gas well buildup data, £t asy be necés~
sary to run & buildup test tvice as long ss
it is normally cun. This aspect should be
considered in the design of pressure
buildup tests on MHF gas wells.

7. Although the discussfon {n this paper {s
1imited to pressure buildup analysis of
vertically fractured gas wells, the utilfty
of the real gas pseudo-time £3 cot mesat to
be restricted to such wvells only. For
exasple, this function vas also found very
useful for gas wells in analyzing welldore
storage data, linear flov data, etc., to

nase & fev,

HOMENCLATURE

< = formation compressibility, psi”}
(i s _

< = gas cowpressibdility, pst”t (pe”h)

<, = ol coopressidility, psi~}(Pa~h)

& = system compressibility, psi”}(Pa"h)

E'_ . = gystem compressibility ss a fuace
tion of time, ’“-l(h-l)

c, = vater compressibility, psi”}(Pa"})

Fep = dimensionless I:;:tuu flov
capacity (see Eq. 3)

b = formation thickness, ft (m)

Ip) = integral fn.Eq. 13, psi?/cp (Pa¥/e)

k = formation permeability, md
(10"3m?)

K & Cractuce pernesbility, od (10" im?)

a(p) = real,gas pseudo-pressure, p:tzlcp

(MPa"/pacs) (see Eq. 8)

pressures puzlep (HPlzIPl'l)

P = pressucre, psi (MNPa)
Py = {nitial pressuce, psi (MPa)
Pac = shut-in pressure, psi (MPs)
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t,(p)
(e, (P)y

(‘(t)
®ox
ac,,

*Dax,
(*pax,)),

£

4

at

& ghut={n pressure at the fastant of
shut={n, psi (IPs)

= dimensionless shut-fn pressure
rise (see Ref. 7)

= disensionless pressure or pressuce
drop (see £q. 1)

= wellbore floving pressure, psi
(fPa)

= pressure change, psi (MPa)

= change, ® Pyaye P8l
¥Pa) Caee £q. 1) ~ a1 P

= dif{emcs in squares of pressures,
pai

= flov cate, MCF/D ("stacdard® a3/d)
= gaturation, fraction

u gas saturation, fraction

= ofl saturation, fraction

= water saturation, fraction

s floving time, hours

& real gas pseudo-time, hours-psi/
(hour:-h’h-s) (su.tq.u::)P i

® resl gas pseudo-time for match
point, hoursepsi/cp (hours-FPa/Pa°s)

= s function defined dy Eq. 9

= dimensionless time based on x, (see
£q. 2)

£ dimensionless shut-fn time (see

e dimensionless time based oo t (y)
(see Eqs. 18 and 19)

= dimensionless time based oa t_(p)
for match point (see Eq. 22)

= producing tise prior to buildup,
hours

8 ghut~in time, hours
2 tipe interval, tj AT hours -
= gesecvolr temperdfure, *R (K)

= distance from vell to the reservoir
boundary, ft (m)

s fracture half length, ft (m)
s real gas deviation factor
z viscosity, cp (Pa‘s)

= viscosity as a function of time,
cp (Pa-s)

(pc‘) - = viscosity~compressibility product,
A cp/psi(Pa-s/Pa)

(vt‘)‘ = vincouty-co-pnuthinty product
at fnitiasl resecvoir pressure,
cp/psi(Pa~s/Pa)

(yct) 5 = ::n:ositrco-ptentbuuy product

given {nterval,
cp/psi(Pass/Pa) (see Eq. 16)

4 & delta or difference

¢ a formation porosity, fraction

} 4 = gigma or susmation

ubscripts ’

D 2 dimensionless flov capacity

D & dimensionless

Dx‘ & dimensionless based on Xg and tise

Dax‘ e di{mensionless based on X a0d pseu-

' do-time

a = gppacrent or pseudo

e o external boundary

£ = fracture or formation

g = gos

3 & faicfal

J 2 {ndex for summstion

.| = match point values

n z {ndex for summatijon

] = oil

P & producing

t = total

v . = vater

wf ° % wellbore floving

REFERENCES

). Earlougher, R. C., Jr.: Advances in Vell

Test Analysis, Monograph Series, Society
of Petroleun kngineers of AIME, Dallas
(1977) 5, 264.

Agacval, R. G., Carter, R. D., and Pol-
lock €. B.: “Evaluation and Performance
Prediction of Low-Permeability Gas VWells
Stimulated by Massive Hydraulic Frace
turirg,” J. Pet. Tech. (Macch, 1979)
362-372.

Cinco-l., H., Samaniego-V., F., and Doaine-
guez=A,, N.: “Transient Pressure Behavioce
for a Well With a Fiaite Conductivtty

Vertical Fracture,” So¢. Pet. Eng.
(August, 1978) 253-264.




- e .

SPE 8279

RAM G. AGARWAL

‘o'

5.

6.

7.

Al-Hussafny, R., Ramey, H. J. Je., and
Cravford, P. B.: "The Flow of Real Gases
Through Porous Medis,” J. Pet. Tech. (May,
1966) 624-636; Tians., AIME, 237.

Al-Hussafay, R. and Ramey, H. J. Jc.$
"Application of Resl Gas Flow Theory Co
Vell Testing and Deliveradbility Fore-
casting,” J. Pet. Tech. (May, 1966)
631‘6‘23 !f.n'-. ‘m' 231.

‘m‘.fm. A. CQ. hw. B J. Jro. and
Raghavan, R.: “Unsteady-Stste Pressure
Distridution Created by a Vell With a
;lule laztgxuoanduguugy :e:r.lcal s76)
cactuce oc. Pet. Eng. J. (August 1
3‘7-360;'1'1':“.. AINE, 257.

Raghavan, R.: "The Effect of Producing
Time on Type Curve Analysis,” subaitted to
SPE of ADNE. ]

8. Cacter, R. D.: “Solutions of Unsteady-
State Radial Gas Flow,”™ J. Pet. Tech.
(May, 1962) $59-554; Traas., AIXE, 225.

9. Scott, J. 0.3 “Application of a New
Bethod for Determining Flov Charactecis~
tics of Fractured Gas Vells in Tight .
Sands,”™ paper presented at 1979 SPE Syspo-
sium on Lov Permeability CGas Reservoirs,
Denver, Colo., May 20-22, 1979.

10. Bostic, J. N., Agarval, R. G., and
Carter, R. D.: “"Combiped Analysis of
Post-Fracturing Performance and Pressure
Buildup Data for Evaluating an MHF Cas
Vell,” paper SPE 8280 presented at SPE
S&th Annual Fall Meeting, Las Vegas, Eev.,
Sept. 23-26, 1979.

-e

TABLE 1

Reservolr and F

Reservolr Data

Reservolr pressure, p;

Reservoir temperature, T
Formation thickness, h
Formation permeability, k
Formation porosity, ¢ -
Initial gas saturation, Sg
Production Rate, ¢

Fracture Data
Total fracture length, 2x¢

Fracture flow capacity, kfw

Dimensionless fracture
capacity, FC D

ure Data fo

AHE W

5000 psi (34.5 MPa)

720 9R (400°K)

50 ft (15, 2m) 2
.01 md (9.9 x 10%um®)
.07 fraction
.50 fraction 3
500 Mct/D (14,158m” I D

1000 ft GO5m) 2
50 md-f (15 x 10° pm’m)

10



JABLE2
- Gas Properties for Slmul.ated MHF Gas Well

Pressure  Viscosity  z-factor G . mip)
(psh Gt Meaction)  (psi™h tpsticp)

0 - 1,000 - -
00 0147 S 10.6x10%  25x10
20 055 .81 8.0x10°  10.0x10"
0 0% .0 560x107  asx1
200 .0120 B9 29x107  373x10
000 0197 ST 1x10%  ss.6x10
%00 026 S84 43x10%  75.6x10
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1.0 INTRODUCTION

Fiuld Injectlion oF withdrawl (production) fieid tests are
used to evaluate the In situ permeability of & geologlc }ormatlen
sub Jected to natural overdburden and confining stresses. Labora-
tory teatlnqiof core Is ancther method comonly used - to evatuyate
tormation permeabliity. Unfortunately, laboratory nerm;ablllty
tests require subjecting the drill core to stress condlitions
expected In the fleld In order- - to accurately determine In situ
permeabilities; this requires prior kéowledge of the stress con-
ditions Including stress directions and magnitudes. In addition,
the In situ permeabliity of fractured formations with high frac-
ture permeadliity would be éroasly underestimated |f Iaborntorf
test reaulfa on core, which usually represent matrix permeabll}-
tles, are used exclUSIVelYe . . : ap- -, feo oo o e

Another alternative to maasurlng~permaablllt9 directly. from
cores or In situ fleld tests Is to use a fracture model to
estimate permeability Indlrectiy (van Golf-Racht, 1982; Rissler,
1978; . Snow, . 1985)... Fracture.data,. Inciuding -fracture.orlenta-
tions, lengths, surface coughness,. densities and, apertures, are
collected from drill hole video,. catlper, core and geophysical
loés and then used directly in.a fracture model to compute forma-
tion permeabliity. This method |Is somewhat restrictive because a
large fracture database Is required to characterize the forma-
tion and determine permeablility; .there ls a great deal of uncer-

tainty assoclated wlfh measuring In situ fracture aperture
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Analysis of the test results |s dependent upon flow domain
boundary conditions, the type of fluld Injected Intoc the forma-
tion (l.e., water or gas), the saturation state of the formation,
and the type of test conducted (e.g., steady state, transient, or
Instantaneocus injectlon).

Single-hole fluid Injection or production fleld tests are
8180 commonly used to evaluate”rgservolr or aqulfer parameters.
These tests utllize only one active well and no obao;vatton
wells. Formation parameters are evaluated from data (flow rates,
pressures, and temperatures) collected from the single borehole.
Single-wall tests are cften preferred over multiple-well tests

because of the obvious cost-saylnga of driliing one hole over.

driiting multiple holes. From a technical standpoint, however,

.alnqle-well Lrests  cannot, he . used to ldentlfy flow. _domaln

(‘ r

\-

boundariea nor lnvest!gata anlsotropy,_‘ ln addltlon. cross=hole
testing has the advantage of generally Investigating more reser-
voir volume than a alngle-holo_tést (Earicugher, 1877).

33ve;dl eiplo?aidry shaft (ES) tesats wiill utllizs cross=-hole

--1* nq.~\ - ‘ ‘-‘,

teats as ahown ln tablo 2.4-1.: Thesa ES tests are deslgned to

satisfy Oepartment of Enernv (OOE), Nuclear Regulatory Commisaion
(NRC) and Environmental Protection Agency (EP&) reguiatory
Issues, guldetiines and technical positions; and address issues,
programs, and information needs put forth In the Nevada Nuctear

waste Storage' investigations (NNWSi) Project lssues Hlerarchy.

The NNWSI) hierarchy lssues or programs pertalining to the use of

cross-hole tests In the ES are also listed In table 2.4-1, and

2.4-3



Briefly described- below along with a short description on hew
cross=hole testing wlfl be uttilzed during each ES test. Note,
that onty hierarcny i1ssues applicable to cross-hole testing are
described; however, other Issues and I(nformation needs not
addressed by cross-hole testing, but addressed by other aspects
of each ES test, may apply. The NNWSI hlerarchy [ssues herein-
after referenced In this test plan is the version dated June 23,
1987. A detalled written description, purpose and rationale for
each ES test can be found (n Part |1, Chapter 4.0 of the NNWSI
Exploratory Shaft Test Ptan (ESTP).

1. Radlia! bdoreholes test: Cross-holie water Injection

- testing will be conducted across four . hydrogeclogic contacts.

These tests wiil be used to determine whether the contacts act as

‘barriers to flow allowing perched water:conditions- td*form" The

barrters  may “be created by capllitary actlon “{a flne-grained
layer overlying a coarse-grained layer) or by high percoiation
rates causing ponding on top ¢f a Ilow  permeability tayer.

Lateral flow of DOPChéd water along dipping conihcts could resuit

Pt

"in a “preterentlal pathway for radlonuclida migration and:- water

fiow (Montazer and Wilson, '1984)% ““NNWS! ‘hlerarchy performance

‘lsSue; 1.6.1 and 1.8.3 address the need for site Information and

dealgﬁ concepts to ldentify the fastest paths 6! likely -radlo-
nuclide travel and to calculate the ground-water travel time

along these paths.




effects. The excavation effects test addresses NNWSI hl;rarcny
Issue 1.7.2; determination that the subsurface condltions
encountered and the changes In those condlitions during construc-
tion and waste emplacement operatlions, are within thel iimits
assumed In the licensing review.

5. Inflitration test: The ES iInfllitration test Is designed
to study water flow through a fracture network and Imbibition of
water Into matrix blocks. Cross=hole gas Injection testing wlfl
be used to characterize the fracture network (l.e., estabiish
continulty between borehcles, and determine fracture permeabili-
tles and apertures) before and after the Introduction of water
into the system. NNWS| hilerarchy site prqgrﬁm 1.13.2, descrip-

tlon of the unsaturated zone hydrologlic system at the site, also

‘applles directly to this test.

e LR e

1.1 PURPOSE
The purpose of this prototype test is to develop a standard

CPOSS-hOlé pneumatic and hydraullc test system that can be used

. In_ . the following. ES - hydroiogic tests proposed. by the.: U.S.

Geological .. Survey: 1). radlal boreholes test; 2) Callco - Hlills

- test; J)-bulk permeablliity test; 4) excavation effects test; .and

§) .inflitration test. The test system is made up  of several
components lIncluding test hardware, software, technical proce-
dures, -data anaiyses,-and fleld test confliguration. : Developing,
testing,-. and re£1nlng each of these components durlng prototype

testing will Increase thg llkellhood that ES tests that utili1ze
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1.3 OBJECTIVES

‘The primary objective of the pneumatic and hydraulic cross-
hole prototype test Is to develop and/or reflne fleld equipment
(hardware), software, technical procedures, analyses, and fleld
test conflguration. A summary of specliflic objectives follows:

A. Desl?n. fabricate and test a straddle packer system for

measuring In situ permeabliities as small as 1.0E-17 m2

(0.01
mdarcy) with a confldénce level of 95% (2 standard deviations).
8. -ngelop a fleld test cbnflgura;lén for- testing & hydro-
geoclogic contact In order to detect lateral filow atong the
contact. Develop methods of analyzing cross-contact tests,
conduct cross-contact tests in G-tunnel, and prepare flinal proce-

dures- for ES cbntact testing.

C. Develop a fleld test conflguratlon for determlnlng the

RARE . S w3 S BY el b RIS TN

permeablllty Of a kﬂOWﬂ fault, develop methods of analyzlng fault

b e e

VIR B - e

tests, conduct tests along a known fault in G-tunnel and prepare

final procedures for ES fault testlﬁg.

D. Develop analytlcal method Of lnterpretlng CPOSS—NO'C gas

LA T 4 PR A PR - L e,

'lnjectlon tests for determlnatlon of the 3-dlmenslonal gas per-

. P
o ey ' --o'

meablllty tensor, conduct cr033-hole anlsatropy tests in G-tunnel
A

LB s Jom: o C e

) ln support of the bulk permeablllty nrotatype test. and prepare

RES

final procedures for Es testlng.

.2.0 DESCRIPTION OF WORK . . ST - : . e .

-ﬁrototypeu.cfoss-hole - pneumatic and hydraullc testing ' con-

sists - of - three actlvlﬁles including 1) laboratory ' testing,

204-9
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.lnjéctlon borehole.

communications with Roger Zimmerman).

Upon leaving the flow regulating and monitoring manlifold,
the fluld will filow through a flexible hose to the fluld Injec-
tion (withdrawl) |line. The InjJection line consists ofia. high-
pressure, 1.27 cm (0.5 inch) Inside diameter, thick-walled, nylon
tube. The Injection 1|ine extends from the collar of the hole
through the packers to the test Interval underqround, Fluid is
removed from or Injected Into the test interval and geocloglic
formation via the fluld Injection llne.

A.straddle packer system, conslstlnq'of at most four Inflat-
able packers placed In sertes and separated from one another by
spacer rods or well screens, Wwill Be placed Iin the active bore-
hole (Figure 2.4-2). Gas or waéer will beAInjectéd'ln;o tﬁe tpat
interval (solated between the second and third packers In the
/ In the case of gas withdrawal, gas will be
pumped from the test interval using a vacuum pump.  In both
cases, the pressure response caused by Injectlion or pumping will
be monlitored In the test hole and in the adjacent observation

borehole(s). The observatlon borehole(s) will aliso contain a

- - K, Kt

| -
straddle-packer system thus provldlng up to three observatlons

\

- -.‘ bR RS B .

zones. - per hole where the response fl‘dﬂ fluid Injection can also

. _’\

be monltored. In addition to the test Interval, the test bore-
hole contalins two guard zones which straddie the test (nterval.
These 2ones wlll-be used tovmonltor fluld leakage from the test
Interval past the packers straddllng the test zone (past the

second or third packers in Figure 2.4-2). it should be noted

2.4-13
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-&

that the straddie-packer system Is constructed so that indivicual
packers ean be removed from the system thus making the string
shorter. A shorter string may be reguired If the desired test
interval lles close to the collar or bottom of.the hote, however,
it may result Iin the loss of one Oor more guard zones. Three
types of sensors will be utlllized for monitoring In situ fluid

pressure, fluid temperature, and relative humidity In the guara

and feet intervalis. They Include satrain guage pressure

vy

RESS ]

RO

.»

transducers for measuring absolute pressures, resistance tempera-
ture devices (RTDs) for meeeurlnq temperature and thermocoupie
psychrometers for measuring relative humidity. Electrical leads
for the sensors will be routed threugh the peckere using gea and
weter tight connectors to the collar of the arill hole.

THPBO hydrdgeclcglc COHd'thﬂS have bﬂﬂﬂ eelected in G-
LA

Tunneal for the activities deacrlbed In thls Dfotetype test
grogram: 1) cross-contact testing will be performed between the

welded unit end underlylng trensltlcn unit both beilonging to the

Grouee Cenycn memger; 2) feult testing wlll be conducted along a

LTay e g ™ . Y B DA

known fault intersecting the zeelltlzed nonwelded Tunnel Bed <«

s IR A S e S L .

unit; end ). frecturelmetrlx eermeeblllty teetlng will be per-

} AR T b : “
formed on Unit B, the densely welded unlt cf the Grouse Canyon

member. Theae ectlvltlee simulate teetlng cendltlene to be en-

- 4 - T < . R N IR e 1T : <

countered durlnq the redlal berehelee. Cellce Hllle. end bulk

o, . W « o

,permeeblllty ES hydrclcclc teeta. reenectlvely. and are described

In greater detall beilow. Theee tests will be used to evaljuate

the performance of the experimental equipment described above and

2.4-’6



Ilying layer.

 Lateral flow may occur along a dipping hydrogeoioglc contact
when a caplilary barrier Is present or when 2 coarse-gralined
layer overlles a flne-grained tayer and the flow rﬁte s
relatively high creating perched water condltlons. Lateral filow
conditlons may exist at Yucca Mountaln or could exist If climatlc
condlitions change. Lateral flow along a contact to a fault, such
as the Ghost Dance fault, could result in a preferential pathway
for water and contaminant quratlon.

Cross-contact testing In G-tunnel will allow examinatlon of
the concept of caplliary barriers and lateral flow along contacts
prior to ES testing. The test configuration and local geologle
\\// conditions at G-tunnel are Il lustrated In Figure 2.4-3 and the

(:) location of the proposed test Is shown In Flgure 2.4-4. Simllar

i;?coﬁdlflons} ; wélded unit ov;;lying:a rubbl; zonL and partially
welded to Aonwelded zeolltlzed :ﬁff. are expected to exist Iin the
ES at the contact between the Topopah Springs weided unlit and
'Ca!lcg Hills nonwelded unit. The qontrast in pore size between
Unit B (the deﬁ;ely w;lded. vitrified, fractured unit of the

. %Grouse Canyon Mémber) and underliying rubLle zone:- of Unit A
- (tran;ltlon zZone between Unit B and nonwélded Tunnel! Bed §),

should provide an opportunity to test the concepé of capllilary
.’barrlers and lateral flow‘cguseduby“these7§ondltlons. The con-
trasthiﬁ"BSFe slze betweenﬂtﬁe coarsg-gralﬁéd-rubble zone (top of
Unit A, Grouse Canyon member) aﬁd underlying flne-grained,

(:9// partially welded tuff (middie of unit A) should provide an oppor-
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be used tc determine .the moisture status of the surrocunding rock

prior to fluld injectlion. The video logs will be used to view
changes In iltnology'and locate ocpen and closed fractures. The
video logs will also be usﬁd to estimate In situ fracture aper-
tures and determine fracture orientations. Oril! cores will. be
togged for lithology and the following fracture characteristics:
1) fracture location;: 2) type (open, closed, natural, drilling
Induced); 3) aperture size; 4) f11! matertal (If present); 5)
closed by homogenecus or diffused fii1 material; 6) fracture
trace (regular, irregular, contlinuous or dliscontinuous); and 7)
fracture-wall description (rugcse, sﬁootn. polished, creeping).
in addition, one core sample.per hole will be tested In the-
taboratory to determine the following hydrologlc prbpertred and
functional’” retationshipsy -« 1) -asarecelvedt volumetric o water
content; ‘5) aaérecéiéedfwater potentlal; 3J) porosity; 4) water
saturated and gas saturated permeabilities; S) relative permea-
blltty versus saturation; and 68) water potential ‘versus
saturation® (molature characteristic curves). -:This Information
will be usea’to sslect test Intervals. =~ = & 1 %

| ‘Before 'éneﬁﬁitlé"*ér hydraulic cross-hol;\ tests are
conducted, instruments to * be" placed 'downhoie«- (pressurs
transducers, thermocoupies, and psychrometers) ilong with surface

Instrumentation -~ (flow meters, pressure tranducers and

. PO Y .
thermocoupies) “wil! be callbrated: in the laboratory. “The test

"tool “will then be transported to G-tunnel and-assembled near the
z .

collar of the hole. Leaks In- the system willl be detected. prior

204-21
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observed. The packers will then be reinflated and the observa-
tion zones monitored for an Increase In pressure. In the event
that no preéaure reséonse is observed, an observation zone will
be positioned below and slightiy down dip from the overlying
Injection Interval. The gas will be shut-off and the injection
tocol pulled from-the hole 8O the psychrometers can be removed
from the 'system prior to water Injection. The pyschrometers wil}
also be éemoved from- the obsarvation tool If a pnreunatic
connection was found.

The second stage of the second test series begins by placing
the tcol(s) back In the borehcle(s), Iaflating the pack;rs and
monitoring any Increase (n pressure dus to previcus stress’
nerlods (gas ln;ecthn enlsqdes). lf tho pressure beglﬁs to
cllmb the packers w!l[upf qeflated and tho hole wlll _stand open
untlli atmoaohgrlc equ}llbglym“[s reacned. Again, tha_?qlea will
be sealed and'water'lnjeetlcn will proceed. Water, containing a

tracer, Wl!l be anected lntc the upper hole and the pressure

B responsa witl DO MOﬂltOPOQ in both the UDQQP and Iower boreholes.

- N S ~RENO S ‘;c; .'J.-CQ- ’ gl N

The retaon for drllllnq the holes un dip parallel to the dlrec-

e 20 D X \

tlon of dlp now bocomes apparent. Flow frem the lnject!on

FE B T SRS ST DY e oL,

BOFQHO.Q to the rubbdle ZOnQ and along the contact |8 essentlally

a 3-dlmenslonal problem; hOWOVQf. tthQ are only tWO observation

LS I

nolnta. the lnjectlon and observation boreholes. which aonly

‘w

provice a 2-dlmenalonal look at the 3-dlmenslonal probiem.

Therefore, the third obaervatlon point becomes the drift I(tself.

water flowing down dip from the Injection borehole should Inter-

2 . 4-23
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between gas-phase and (lquid-phase permeadbliities measured for

the same volume of rock can be obtalned.

2.1.3 Fracture/Matrix Testing
This work Is Intended to support cross-hole testing needs of
the Bulk Perﬁeab!llty prototype test. This section wilil deiérlbe
In general terms why cross-=hole testing between boreno;;s iIs
Important. For a detalled description of why and how cross=hole
testing will be utilized in the Bulk #ermiabl}lty prototype test,
the reader should refer to the Bulk Permeablllty Detalled Test

Plan.

Cross=-hole tests are used to determine the radius of
C .ldfluence of a slnqleéhote;teét. The rhydrologlc naramgtetya
(2)" ‘measured using a cress-hole test are representatlve of a mueh

N R A L TLonee Al preteuala e o ye

larger VOIUMQ of rock than |8 SGMDIQQ durlna a alngle-hole test.

b
~

Another very lmnortant feature of thls methcd la lt allawa one to
evaiuate the concept of representing a fractured rock mass as an
anlsotroalc porous medlum (Hsieh and otnara. 1988; Snow, 1988).

._...,_. ~

CfOSS-hOIQ tests can bQ USQG tO ldentlfy fOltﬂfGS 8UCh.&8 faults

'c;' L AN ', .. “ " r‘h-" - - i-'e&- ..
and larqo conductlng fractnres which othorwlso mlqht go
aaiNelr Lo LY RO J S R + -

unaetectod using a alncla-hole test (Haleh and Neuman.Alsas).

LT

,ersa-holo testing wil} bo conducted betwoen threa boreholes

ln GTUF . durlng the Bulk Permeabtllty prototype teac to

L AEmNS g, - R LT e g . o . Ly

)
PRV ~ . L

'ﬂVQSt'Q&tQ thﬂ concant Of FQD'&CIHO a fractured rock medlum by

an eqgulivatent anlisotroplic porous medlum. Three holes drilled
(:y,/ parallel to the axlé of the Bulk Permeabliity drift will be

2.4-29



2.2 EXPERIMENT PARAMETERS
2.2.1 Control Parameters
The coﬁtrol sy;tem for this prototype test consists of a
‘Jow=pressure/flow regujator used to regulate the filow of gas from
a high pressure gas cylinder. In addition, the flow regulating
and monitoring system described In section 2.1 will be used to
control the rate of flow. The pressure transducer located Iin the
injection 2zone will be used to trigger the closure of a solenoid
valve on the fiuid injection line when pressure-puiss testing
(Instead of constant flow testing) Is desired.
coarse-pressure/fiow aa]uatmants are to be set manually
using a pressure regulator located on the high pressure gas
cytinder. A filow control needle valve, located upstream from the
Sesl . flow meters,>will also be operated manually:to provide flne fiow
cont}oc.l The autnut'froﬁ the floﬁ meters will aliow the operator
to monitor and adjust the flow rate when desired. The control
parameter Is flow rate.

Pressure=-puise. .testing may: be conducted as part.-cof the
*"OVQrall*ﬁtest1ﬁg-=pronram§f*-A':pressuro-pulae-tegt~ conslists of
"+ ‘“jnjecting’a:stug: (pulse) dixqtsvinto-tnenteat interval as quickily
as possidble and then monttoring tho<decay.ln~pressu}e with time.

in this case, & solenoild valve located near the Injection

" -7 7 interval®Twould ¢ be “‘opened and closed by the data - acquisition

system. The valve would open when prompted by the operator and

close "when the pressure In the test Interval reached a user

*

€:}’/ g speci'ftled - timit. The pressure transducer located in the test
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time in hours, minutes, and seconds.

Volitages are measured for two purposes. First most,
instruments must be'energlzed.ln order to work. Previocus G-
Tunnel testing has shown that It Is important to monitor, and
record excitation voltages so that strange ocutput behavior from
sensors can be compared. with spuricus. excttation voltages (R.
Zimmermann, Sandia National Laboratories, 1987 G-Tunneil Faeillty
tour). It is also lmportant ‘to store output valtagea from
sensors 8o -that post=tast recalibrations can be used: to' re-
evaiuate the data |f necessary. Also, these msasurements provide
backups to converted measurements in case algorithms need to be
checked and provide a vital backup In case the converted data are.

not properily recorded In the DAS. Lo .

S A 1B N L N e et Fo e, TTF DD R n)y
2 3 OPERATIONAL AND MEASUREMENT EQUIPMENT . . .
"'n,x’ . -’. - T e e RS ~ .

2.3.1 Oneratlonal Equlpment.
(a) Inflatable packers - Pneumatic type iInflatable packers
are to be used In the atradal;-packer tool. -Maximum recommended
packer inflatlom-pressures range:from 1.7 to 2.0 MPa. " |
"< (b) Low-pressure’flicw-regulators-« A “low pressure reguiator
(pressures -*less than 1.0 MPa) will-be used as a:coarse:fiow rate
regutlator. g oo
(c) :Pressure pulse cylinder - This cylinder wiill. be Ilocated

down hole -negr*'the- teat interval. <1t will be™used::durtng

- pressure<puise testing asithe-source-for the siug or puise.of gas

injected Into the teat Interval.:- (t has & maximum: rating .Of
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pressures.’

(c) Maximum mass-flow rates for gases - Equipment .ls
currently designed to handle flow rates of 50,000 SCCM -(Standard
Cubic Centimeters per Minute).

(¢) Maximum volumetric flow rates of water - May exceed 40
Ii1ters/minute depending upon test-interval length and-number of
open fractures l(atersecting the Interval.

(e) Maximum retative humt&lty - High humidities are only a
problem Insofar as the proper cperation of the Data Acéulsltlon

System (DAS) Is concerned.

2.3.2.2 Sensors Requlred

(a) Températubé - Resistance temperature detectcr (RTos)‘

wlll be usod to measure fluld temperature during teatlnq. These

BRI A > B A o

'devicas cuefate on the slmole DflﬂClﬁlO that a change in

Je™ u: . - -

electrlcal reslstance of a wlre ls a functlon of temnerature.
RTDs are more accurate than tﬂermocouoles (+/=-0.3° C versus +/=
1.0 ° C, respectively) but are aiso somewhat fraglle. Therefore,

Type-T COop.r-constantan thormoccuples witl alao be consldered.

- T - X -

e

(b) Pressure = PPQSQUPO trnnsducers OPQ ueeded tc opesrate

o—_’.

at amblent temperatures (approx. 20 * €) up to pressures of 0.7

e IR 5 Vg

MPa Iu tne tast lntarval - 2.0 MPa for monltoring packer

Pt 4

Inflation, and 20. 7 MPa for monltorlng fllllny of the presaure
«r ce- abe: o -

pulge cyllnde(. Accuracies are dependent upon the ooeratlng

range of the transducer, but.readings will not vary from the true

value by more than +/= 0.25 % of full scale.
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Q;)\vj Assurance (QA) Leve! Ill, callbration requirements llséed In
Chapter 12 of the Quality Assurance Manual (NNWSI|-USGS-QMP-12.01)
do not apply. Guldeiines listed In Chapter 12 only apply to QA
Level | and 11l activities. Instead, accepted. industry standards
or procedures will be adopted and used to callibrate prototype

test instrumentation.

2.4 FIELD OPERATIONS
Fleid preparations for each éxperlmentﬂglscussed in sectlion
2.1 are described be}ow.
(a) Four dlamond-drilled holes of speclfled depths,
, locatlons, and orlentations are requlired for cross=hole testing
(REECO) . The dimensions of the holes have been specified as HQ
(i)“/ and thé length of the contact-test holes are 60 feet. The lehgth
':of_'the-;fault-tgst holes Is dependent-upon the location of ~the
drilling alcove; _Holes~willube located and orlented by the oP I
and should be drilled to within +/- 0.5 degrees of the specified
directions. Three addlitional holes drilled parallel to the
proposed . bulk.permeabiljty room will also be cross-hole tested.
Funding and. drilling-speclfications for thess hotqa -will -come
_.from the bulk permeablllity prototype -test. Catre e
Ab) ...Water- must . be. avallable at the - test lc&atlons for
Injection Into the formation. o
(c) .High -pressure.gas cyllinders containing nitrogen- gas
should be -located at the test holes during cross-hole testing.
They shall be secured so that accidental puncture or valve stem

2 . 4“'37



2.5.2 Analyses

Scoping caluculations and data analyses are two very
important components of this prototype test. Scoping
cafculations will be used to design or select. equipment, design
test conflguratlons. and predict test performance prior to
conducting the fleld test, Data analyses consist of Interpreting
the test data after It has been collected. Analytlcel and
numerical -techniques will be developed and used In scoplng and
datza analysis work. These techniques will also be directly
appllcable‘ tc ES hydrologic tests tnat utiiize cross=hole

pneumatic and hydraullc testing. -

2.5.2.1 Scoping Calculations
E / ' Scopling slmulatldns are being performed to determine ' the

_ maxlmum dlstanee the upper bdrehole eould lle above tne densely
welded unlt Blrubble zone contact (Flgure 2. 4-3) so tnat lateral

e Y

f low cendltlons will develop wlthln 6 tc 12 months after start of

the water Injectlion cross-ccntact test. Iin acddlition, numerical

simuiations are being used to predlct the lnjectlen flow rates
. - YA, LY U s . .
and pressures requlred to eatabllsh the eaplllary barrler.

cwers g - .
.

Prellmlnary results from 1-dlmenslcnal slmuletlons uslng the

L L <. 2 ‘i e & e "."‘|

flnlte element, unsaturated fldw ccde UNSATZ (Davis and Neuman.

1983), are described below. The lnvestlgators would like ¢to

P w
- . (Y

gratefully acknowledge Mr. Edward lecklls‘ efforts._ wnleh

- S g _
Included conductlng the caplllary barrler slmulatlons end
preparing the text prdvlded herewltn.
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Figure 2.4-7. EFFECTIVE CONDUCTIVITY/PRESSURE HEAD CURVES
USED IN 1-DIMENSIONAL SIMULATION.
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" ssecond constralnt.,nLy LTS ot dEELo

than the saturated- conductivlty of the upper unlit, thereby
eliminating any chance of the capillary barrler forming; 2) when
the effectlive conductivity In the lower layer becomes higher than
the effective- conductivity In the upper layer, the caplﬁiary
barrier will have falled as a mechanism for retarding éownwprd
flow and‘lpduclnq-lateraf'fﬁcw“arbnc“an'Interface."'Therefoﬁﬁ?aha~
witt want: to keep the pressure heads along the- Interface befow
the *“cross ‘over' point on the effective- conductlvlty-prqs§9ke
head curves. 3) Because the test must be conducted within a time
frame éf € to 12 months, the wetting front must reach the contact
from the borehole (35 cm In this case), the capllilary barrier
must be established, and the formations response to the siowing
of the wetting front must be observed at the Iinjectlon boreéhdFe.
-+The': third - constralat ‘Wil I ‘Brobably not ‘be éo"ns"’l‘?tent" * "\fl tN "'the

o) coea Y - Lt

R PR TV
In® the 1-dimensional simulations the prescribed pressure

head at the upper boundary surface was Increased from 0.0 to 1.0
zito. 10.0 meters In separate simulations.  This was done (n' order
eto ¢ determine:’ both ‘thé: l’e'ﬁgtﬁ';"ii'f’-"’tlme‘ ‘required for "the .wéi?ﬁ%é
--front to'propagate- from Tthe ‘upper surface fo é'tié""i'n\té'i:'ff.dée Under
different head conditions, as well as 'how the value chosen as the
prescribed pressure affected the length of time the caplliary

. barrier maintalned Its ‘effectiveness ‘In retarding downward flow.
~For the materials used ‘in these simufations, ~“the timé at “which
the caplilary barrier lose€s Its efféctiveness Is thé time~"at

! .
which the matric potential at the node along the Interface

2.4-43
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B achliaves .- a value greatsr than -1.57 meters. The changes.. in
matric potential versus time ars shown for the Interface nodea In

Figure 2.4-8 for each of the three cases.. Nc,\ta. the caplliary
barrier |Is sustained for shorter perliods of time the larger the
pressure head becomes at the Injection bdundary. This.. is

- evidenced- by the-timerit.takes.the,.pressure head.values.  toaliknd

from thelr;_lnltlal valuyes of -11.353 metars to. the "cross agver®

point of ,A-lt'.57_.meters_ln Figure g.q"-a., AT e i .a a3

in 1=-dimensional simulations [t --seemss possiblex-:to
demonstrate the presence of a capllilary barrier by monltoring how
the surface-flux rats decreases with time. Figure 2.4-§ shows

the decreass In the flux at one of the..two.nodes along the upper

;boundgry -.(the location of the borehole)_;-__fon-two cases.

i the,_
O m-f | rst case.,,,the .column .consists . entirsly ofi welded, tuff..q,. imethe e
= IS ». "‘&* B - "-' [REARN S ﬁ 4 I‘

second case-. the tuf! overl les the rubble zone‘.n.z#he’wlnter.faco
liles at a depth of 35.0cm (1. ft.). -.For the homogeneaus
materlal, the flux declined smoothly. For-.the two -layer case,
wg_ne l'_n‘l E I al decline.in flux _f_o.l‘Lows; the c&gve -for, -the homogeneous
. case; however, .from approx! mate i:y;:;l_ 30 days o 80, days.:into <&he
-3 imu _‘a*t‘ ton , there I3 a ,;haqé decl.ine, in the sgrgf@cp;if_dux-. zAfter

180 days the flux appears to have leveled off. at.- a nconstant

- - H . coA e <
a - ¥ .- . -

value. . L : “ -
e Qngg;_“\:a .constant positive pressure .the surface .fiux,: in.ca
homogeneous ng_qgérlal_‘tgradua..l,l_y decl.ines .and approaches -~ a- value
equal to the hydraullc conductivity. of the material;as :the total

;\ head gradlent approaches unity, that Is,.. the gradlient of .the\/
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Figure 2.4-8.

CHANGE IN MATRIC POTENTIAL VERSUS TIME FOR
THE O.O M, 1.0 M, AND 10.0 M PRESSURE HEAD
INJECTION SIMULATIONS.

2 - 4-‘5
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Filgure 2.4-9.
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\) matric potential becomes zero. in the two layér case the lower
material iIs unable to transmit water Away from the interface: - as
‘fast as It can be delivered to the Interface: when the Interface
matric potential Is less than the "cross over® potentlial. Hence,
the moisture content and matric potential in the upper Ilayer
increase at - a  rate ‘greater’*than that which': occurs whédtWehe:
materlial Is homogeneous. This causes the total gradient near'the
upper surface to approach- unlity much qulicker than ‘tn V'€he
homogeneous -case resulting in a reduced flux rate-as- Ind!caié&" in
Figure 2.4-9. Similar results were obtained for the cases’ In
which the pressure was maintained at 0.0 and 10.0 meters at the
upper nodes. ] | .

' - Based ‘on the 1-dimensional slm;.llatlons presented above. "

-—~appears"that°’ a borehole located apnroxlmately 36 cm“"bove“’the

- 4

- .a ’

contact | ln e-‘i’unnel -and a’ constant pressure translent“‘test
analysis ' could be used to characterize a hydrogeoclogle contact.

it remains to be-demonstrafed. however, that a similar decline In

~ fluxes‘can beobserved w'vhen flow-1s 2% ‘or 3-dimenslicnal, In'which
- n'case lateral f10w: above the Intéfface ‘and awdy 'frém the injéétion
“Polnt NI possible ! 1? '2-difiens rSnal ‘Siiitat ions wi I'i 'b6"°c6nauc€'ed
‘In - future Sscoping work'In afYattempt to address thls-concéfn ‘and
to determine the range of flow :rates that might be encountered-in
the “fleld.%Z8 This® concludés - the scoping  work perférmed” on
capltiary ‘rbarriers “to ‘daté; mil'gas ' flow*scéping -"simutations

conducted thus far are ‘described:in detallibelow.™ v’

/ Another“numerical model, DGAS2, coded and valldated by R.W.
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Healy of the USGS central regton research branch, I!s being used
for gas. flow simulations. DGAS2 Is an- undocumented, block cen-
tered, finite. difference, |inear and axisymmetric flow code
dew.sloped especlally for simulating Isothermal gas fiow through

porous . medla. It is beling used for scopling and data analysis

.puUrposes for this.QAsleved Ll prototype tasting activityseongy.

......

The 'code's use.in support of QA.-level | and Il NNWSI|-USGS work. |s

. strictiy prohiblted..by NNWSI-USGS~-QMP-3.03, Rev Q... In the.avent

that It becomes desireable to use DGAS2. during, ES hydr:;.lcg.lc
testing, the code wilil be documented and verlflied according . to
NNWS | -USGS-QMP-3.03, Rev O.

In any event. . DGAsz was verlfled by comparlng DGAS2 output
results to. exnerlmental and -numerlcal .results obtalned from ‘a-
tudyt cpresented lg.a,classlca!,.pape: by Bguce and.others.-(1983)."
Bruce and others (1953) deveioped a flnlte dl-‘;;erence. Afsﬁ_ﬁher.ulal

gas flow code. They compared .thelr numerical solutions with the

t’?SUltS fﬁm a ,lapora;oa_'y _Study (gas depletion .In a . ilnear

,‘sy_;‘ten_:) ,1Spechficall Y, -des_l—glled wto ,verlfy the.model .; , They, s, found

.cthat, . .the. dlfferencg“&betweeg, ~the . numerical,, - ;o,l,umgl_bng,gnd -

b,e{gggygental ly mdetemkned..d'ata.,qas. we.ll within the &experlmmt_a'l

L error., .. le”lSO,.-rthO MtCh Detween -the.numerlical.- 3olutlon from

OGAS2 . and Bruce.and.others’ _(.1953) experimental data - was also

very . good., AAI:o. orDGASZ solutlons for. radial gas flow were,,:in

s o ot

.very - good Qav.'ug_f.j:gtu_erlt,.\,,wltth._.;.numelf_I_t_:‘:u .3olutlions presented.s:in

graphical form In Bruce.and others (1983).. . ..: . - o:vz_zao.

.-Preliminary. scoping .;;:a iculations weres performed using DGAS2.
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The objective of the simulation was to determine the location of
the 0 over-pressure Isobar (radlus of Influence) with time given
an Injectlion Interval of 61 cm (2 ft.), Injectlion pressure of 304

kPa absolute (~203 KkPa over=pressure), and formation gas

permeabliity and porosity of §.0E-18 mz and 0.17, respectively.

- e e A rtes L

The permeablllty and DO?OSltY values specifled &bQVQ are bases:on

& range of values (1.1E=-13 to 6.9E=-19 mz and 0.34 to 0.09)
determined | from laboratoryf.anAlyses of Top?pah Springs.
unfractured dritli cofaim” é;; Bermeablllty values < (1.0E=17 ¢to
§.0E=-17 mz) for the Grouse Canyon densely welded matrix aiso lle

In this range. The Grouse Canyon permeabillity values were not

_.known by the Investlgators durlng the tlme DOflOd ln which these

slmulatlons were conducted. ‘ Lo

Oue to symmetrylETonlyCthe%upper ha.traf'the test Interval
—— vk .~o-’-$¥~ . 'A}"' ’;‘

”was slmulated as shown In’ Figure: 2.4-10. The 3.7 meter wide by o

2.5 meter high axisymmetric flow domaln was simulated using a
3600 nodal point mesh. Gas was Injected Intoc the fiow domain via
10 constant pressure nodes evenly spaced over a 30.5 cm (1 foot)
Interval located on-the axis of the radial domain. Flgure 2.4-11
Indicates the hortizontal Ioc;tlon (radlal direction Bply) of the
0 over-pressure Iscbar with time as the pressure fron; propagates

away from the lnjectlon point. The pressure front reached the

&y

e ARSI g Jepl Aem b -
outer boundary of the reservol},fs thc horlzontal dlrectlcn (3.7

meters) In 1 day.- This Indicates that the proposed gas Injection
tests can be conducted In a reasonable time frame glven the

conditlions described above and test confligurations presented In
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sectlion 2.0.

2.5.2.2 Data Analyses

Analysis of test data Is compilicated b& several ‘factors
lncludlng comp i ex .boundary conditlions such as layered medla,
unsaturated fluld f[p:biffg“g:3§:;2l:w). transient gas flgw. and
fracture-matrix Interactions.  In each case listed above, the
nonl inear form of the governing partlial differential equations
(PDEs) and complex boundary conditions make these eqﬁﬁtloﬁs
extrémely difficult or Impossible to soive anailytically. At

pressnt, few analytical solutions to unsaturated filow PDEs exist.

Oftentlmés. simpiifying assumptlons ars made In order to solve

‘these equations (Hillel, 1971) which can result ln transformlng_'ﬁ

them Into problems which may no longer represent‘u true flow

" -
g

_cdndltlonsr- ‘The same I3 true for the.treatment ofitranslent gas

S ’ -

flow. Due to the nonlinear form of the gas flow PDE 1t has not

been possible to derlive expliclt solutlons fOf general boundary

ey . v amcame ot

and  Initlal- conditions. However, 'steady state analytlcal

‘§ solutions can be readl1y-“dertved for gas fiow problems having

various flow domaln boundary. conflgurations (see Muhkat. 1937 for
greater detall on this subject). Approximate . methods of
transient gas fiow analysis have also been presented by several

authors Incliuding Muskat (1937), thz and others (1959), Rowen

TYand Clegg>(1962), *A1YHussalny and Gthers (1986), < and Earloujher

(1977). An exampie of developmental work underway at the USGS for

analyzing cross-hole gas injectlion tests using an approximate

2.4-52



o

.-

&

SN
e

method of analysis |Is described below. Numer ical models such as
TOUGH (Prueee. 1985), which can handle water, water vapor, and
gas. transport, or UNSAT2 (Davis and Neuman, 1883), which Is an
unsaturated flow model, willl also be utliized extensively for
data analyses.. ) |

Hsleh and Neuman (1985), and Hsleh and others (1985)
develcoped a field method for determining the 3-dlmenslonai

kY -

hydraullc conduetlvlty tensor and speciflic staraqe of en

~m e - K TV oS

anlsctronlc porous ék fractured medlum Thelr method uti!izes
cross=hole testing, that Is, Injecting water Into (or wlthqrawlng
fluld from) packed-off sections of the active borehole and
menltorlnq the trenslent respcnse ‘In nearby observetlon
boreholes. An Important feature cf thelr method is It allows the

-

Inyestlgator ta determlne the anlsotreplc nature of the medium
;. ‘,'-.'t-’ -

wlthout prior knowledge . of. prlnclpal hydraulic conductivity
directions or magnltudes. virtually all of the previously

proposed methods required that one or more principal dlirections

.0 be knewnbprrorwto-thewfest'(Panadopulos:uteasrvﬂantusu.:1988: and

oz

- Aot

»

-

-

F_—
Xy

SROW.-‘,HQGS):."'?- 2 IR ek T3 HIGY A5 THu ol v meprie.

.
1Y

T in Vo Hsieh 7 and ¥ Neuman' ) 2¢C1988) theya present.: theoretical

" expressions “describfng transientrand:steady state head response

In monitoring Intervals-of arbitrary‘lengths and- orientations,

" caused * by constant=rFate&injectioninto (ortwithdrawl!- from)- test

: \
intervais ““having simtiar-or-différent lengths and orilentations.

" Hsleh ‘and ‘Netindn‘s (71986) 'theoretidal *development begins with the

continuity equation for-an Incompressible fluld flowing through a
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fractured. rock mass treated as -an equivalent homogenecus,

anisotroplc porous medium. The governing POE I3

3h 1
- ' v E™mas & . v (a.)Bb
.\- woe s SOF B Y] melz .

. . v AN A
WHQPO v * lﬂd ‘V are tﬂa ﬂlVQfUOﬂCO and cradlent operators,

- LA LI . .A.r‘_‘__ TR ~ LN 'ﬂy!;‘
fﬂsncctlva.lyt K '3 tno RYdflu"Q c°ﬂﬁu°t'V|t’ tﬂﬂscrt 3"3. is
spacific atorage: € |$ time; and h IS hydraul 1¢ head. HQ'Q“ and

Neuman solve this eauatlon for the polint sourcelnolnt observatlon

C!SO. thﬂn QXDPOSS thO analytlcal solutlon In tarms Of thG‘

f.:..'u ‘.o - ‘ . A ‘_'_.. L ...,*é.‘&;,; ‘l .
dlreetlonal hydraullc conductlvlty as follows:
RS L - - [ R v—oa - .- -~

. b as 8ot er&f-\#
mi.aam 8AY  IG s L oo lqo"“ ra 312 % B t2b et T .,M.’mm.

T Qg o[ fas] Y\ ST el)sc

VETIUEADY D ! 3 azl. 314 Jrc N - .c(Z)'w

ah = arfc 6 Xt
4rD d

ASK; o e} >C
[ RS - - ol -t PR 1 P P
srs where,dMu3lsttheihead dncreasenat. tnev,cbacrvatlom POInts1.Q i3 the
yclumctrlc Injection rate at the nelnt sourca-.anl(d,wl.sa the
iasizdirectionaku.hydraulic canductivityu rels; tno,,naqlusn fromr the
-~z~DOIALS s SOUPCE: tOrather observation -poOiNt g-.erfs(.- ).. is.. the
complementary error-function (see Carsiaw.and {aeaer. 1959. for a
- ~43 thoroughatreatlise-cn the .complementacry .erron,fungtion),.and.D I3
e tné--; detcmlna\htrot Ko ~i»-Artype ,qul:;y,o 'wa3 produged  so., -that, the
-4+ wflald-data coulﬂf-be-.‘aix‘a/lyzed .graphically. ,.1n.turn, results,from
type ;curve- matching. could . b used ..to..dafine the ,hydraull

R
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conductivity . elllipsoid from which the principal hydraulic
conductivitieés and thelr directions coﬁld be computed. A-similar
Qnalytlcal technique iIs being developed ;a part of this
prototype test for the case of comaresalbie gaé flow, Data
coltlected during the third phase of prototype testing described:
eariler In section 2.1.3 Fracture/Matrix Testing, will be
analyzed using thess technlques: Pretiminary work In this area
has begun for Isothermal gas €low andwﬂsvsummarlzedrbecowuf

One major problem with appiytng Hsleh and Neuman’s (1988)
analysis to Isothermal gas ficw - through a  homogeneous,

anlsotroplc medium, |Is the nonllnear form.of the gas filow

. '-.,3%' \
'C°ﬂt'ﬂﬂlt¥ equation as shown below; S
S - ' T - - E L LEN, “ Y air. 3
A
2 .
wwt < B3 @i

where Kk Is the gas permeability tensor, p is the absolute

pressure of tha gas, ¢ Is tha porosity of the medium, and g Is
’ orenw
-apsoliuteiviscosity ofwthoncas.n Nat.«that'zquntlon (3) 13 In the
w00 NOIIBVRLEO
game - form as the Bousslnesq Equation (if h replaced p) which
S LM, L Er . mea) dngein ﬂﬂ? e
descrlbes flow ina ohraatlc aqul fer wltn a hor!zontal imparvious

*

base (Bear, p. 113, eq. 5§-75, 1979). Eauatlon (3) would te

. Ilnear with respect to:the dependentmvardablctpfilfrtna term 1/

did not aunear'on the right-hand-side of the PDE. . Cne method of
linearizing equation.(3) Is.-to assume»that:p. = D, . ¢ P': where
Pave (»>p°) Is the average pressure In the reservolr and p° Is



-
A1)
v

.
LR

|

.the deviation from the average. As.long as p° Is smail P,ve SN

be treatad- as. a constant, thus: squation- (3) becomes;

: * (e vp3) 2 B gE- (4)
T TR NN S -o edanc . Vayg ~ Ut R4
e e T e e T3

Equation: (4) 13 now In ldent{ghr~fannuto that of.;equagfon n
with=: the« qasvnermeabtl{ty-tensor.-°K;--renlaoang;tnei;§§drauilc
condusctivity tensor, K; absolute pressurs squared, D>, taking the
place of the dependent varliable, h, hydraulic head; and the

quantity 2 B/o,, replaclnc-tne :pec:!lc storaqo. Sy .Sotving

. . A A*‘ 1’ S "4-" R '.'.

QQUG‘RIOI‘I (4) YIOlQS a llﬂﬂll"!ﬁﬁn nolnt 3001’¢0/D°“‘lt obscrvatlon

sotutlicn for transient lsotnermal gas flow as folliows: \"4‘
£7'= L e % g R T SRl LT
' e i s oo [ T ‘
2
2 p 13 (D') 4 kd t
=P [ . - wd . S, e

bAa Jldem sn2 g origzese anl o0 % L8 BAY YO awuaaax,
where

i ed m) A\D-z:.llatﬂ."chlnﬂ. in. abaolutomressur.o:.sauaredacat thﬁ

observation point; ° \
_hoosiany 1 ') MMEIRURT neas. peindd et A m1e?  smas
-k, IS the directional gas permeablility; .

etk T Ay ’53‘ SETVIeA . ULte ooy 259 ront Lot 3adI N0

1S the mass flow rate of gas emitted from the point
s@urco; : . N L .E - zed

N M ls‘tne:detcmmant of: the: gas parmeablijity tensor kaz
L 9 .- W'/RT YO VG AL~ ITTONS Tawalis ITh 2B
- MN ds tna-wateegtarawelght Of the gassia 1 ~is:vssn:!

--R Is the unlverial gas constant; - : S . \/
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T Is the absclute temperature of the gas;

r Is ‘the radtal distance from the point scurce to the
cbservation polint; \ )

-t Is elapsed time;

- n‘ve s the average gas pressure of the reservolir;

§. equais formation porosity; .

and p equals tha absolute viscosity of the gas.

Equation (ﬁi'can be used to analyze .gas Injection test data
to determine the direction and magnitude of the principal gas
permeabliities and porosity of the fissured medium, In the same

manner that Hsteh and others (19885) analyzed water injection test

<§,x/ of the principal hydraullc conductivities and specific storage.

- However flrst urt s neceasary. to determine whather the

. -
B4 -

aaaumatlon that 1/p can be treated as a canstant holds before
applying Equation (5). A test problem was set up to compare the
pressure values obtalned from the |linearlized analytical solution
given by Equation (&) agalnst pressure values obtalned
independent ly using the numerical model OGAS2. . -

A flcticlous flow aomaln was created wléﬁ two of the
principal permeabilities directions Iying In the ho;lzontal plane

_and. tho thlrd belng normal to the horizontal plane or parallel to

w *1. la

.oCﬁu ﬁ@a s—o — - ' “ .

Y [ .
the vertlical axis (Flguro 2 4-!2). The two principal
uefmeablllt!ea‘ lylng In the horlzontal plane (k and Kk ) were
glven the same permeability values of 10.0E-16 mz. thus

‘!_ permeablliity |Is isotropic with respect to the horlizontal plane.
‘ .

z [ 4-57
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: Y,
The thira principal permeabllity (ks) was assigned £ vaiue of
§.0E~16 mz or half'that of the other principal permeablllty
values. The value of the directlional gas permeabllity (kd) was
determined In the directlion parallel to the |ine segment AB shown
In Figure 2.4=-12 using a graphical technique. The line AB
begins at the origin of the'axis where the polint source- Is
located and lles at an angle of 46° with the horizontal 'piihéb'
Due to the fact that permeabliiity {s lsotropic In the horlizontal
plane, the directional permeablliity In n_qgfegtion parallet to
any |ine making a: 45° angle with the hor}zontal plane witl always
be the same. For Instance, |line AB could be rotated 180° around
the vertical axls xs. or cppo;lte its present locgtlon in Flgure

2.4-12, and the - directional permeabllility parallel. to the

direction of this new llne would have the same vaiue as the old

d° . . l‘ vy Al 88; - ﬂ"uaﬁ‘\ﬂc e, STV RGN ¢ Y et ~,: ry

Pressure values at varlous dlstances .along the line AB were
calculated using Equation (§), a k_, value of 6.45E-16 mz. and

d
parameter values given In Table 2.4-2. The pressure distribution

is shown In Flgure 2.4-13 at 600 secondsv(lo mlnutes) after start
of gas lnjectlcn. Pave was set.equal..to 101,000, Pascals (~1
atm.) which was the lnltlalﬁprg;guregof thefreservd1r prior to
injection rather than the average reservolr pressure at 600
seconds.

Two numerlc%l simulations having ﬂlfferent gslze flow domalns

and grid spacings were conducted using DGAS2 which was modlfled

to handle anisotropic fléw. input parameters Iinto the model were
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TABLE 2.4=2. LIst of parameters used to generate
numarical angd analytical pressure distridbutions..

3G
v L e T R S S T Y- |
" Q, = 3.948-03 kg/3 = 2000 SCCM (STD. cc/min) -
Tt e absoluta 'viscasity e 1."..'753-’55"1"’3-'3 i #IBIQ
k, = directional parmeablility = 8.452~18 m? o4
Py = MW/AT = 1.187E-05 kg/N-m -
mo - molecular welght of N2 = 28, 0!
R @ universal gas ;oﬁstm v
<:) - ) : e 8.3142+403 N-m/(kgmole=-K*) . e
. — o Lt Te ibso_luto .temperature;= 28?.7}( (80°) _ﬁ
s PRl s ek, "wi10708518 m?.—e.vhs.'-- AT Y TTTF TORE Y I
kg = 5.08-16 m° -
R o'-k,kzkaus;oz-.cema T P
Tvata_~sste ',;:.-pa;.“ ajagtaqo'xp. 00% 72 Er-».3 2RI M ez al
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Identical to those used In the |linearized analytical s;lutlon
(Table' 2.4-2). The polint socurcs was.slmulated using a single
constant flow node located along the axls.of the axlsymm wrile
flow domaln as shown In the vertlcal cross-sectlcn of Figure 2.4-
14. Only the upper hal! of the flow domaln surrounding the point
source was simulated dus to symmetry; - In turn, onlyfhauf tpe'éass

flow rateé (1000 SCCM) was Injected Into the fiow domain during

the simulations. Inlitlal conditions were set at 101,000 Pascqls

..‘."

-/

. ¢ .
throughout the flow fleld and gas was ghen lnjected |gﬁ°b the

simulated formation. Figure 2.4-18 shows the pressure
distribytion that had developed after 800 seconds éf gas

lnjectlon for both the large and small grlds. Pressuro values

\\ P—

for grid polnts lying on the llne AB dascrlbed above wers used toh

; create these pressure distribution plots. CONDCPlSOn Of the

- e
G nressure T "values detemlnedwf:mthe’”lﬁfa:lzed analytlcal -

}..-.-. - e --.—--1- ' . [

solution with pressure values derlved numerlcally should Iindicate
wnether treating 1/p as a constant was a valid assumption.
Graphical comparisons of the analytical pressure values versus
the - numerical values for both the large and smaii grids are
presented In Pligure 2.4=-18." The *error® Is actuaiﬁy a ralatlve

L

QPPOr and s defined as follows:

ERROR = p(numericaly = p( ganalxtlcaaz o8y
p(analyticatl)

where the pressures (p) ére measured at the same radial distances

2 . 4-62
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from the point sourcs. lntultlvely.“one'would expect the.largest
errors to occur very near the point source.(radlus =0 m) and
become smalier further away. This i3 because high-presspres and
steép gradients near the sourcs would e;Qlly violate the
linearization assumption that the deviation In the average reser-
volr pressurs must be smal} (which was set“aquai_to the (nitial
reservoir * pressure of 101,000 Pa). Referring to Figure 2.4-18,

one can ses that this does Indéed happen near 'thﬁ source,

however, the errors do not drop off mopotcnlcarlyads exn;cted.

but rises again to another maximum at about 20 cm. This second
rise In the error (3 belteved to be-a function of tha grid

spacing used to obtaln the numerlcal!y derlived nressures. _Thls

‘

is substantiated by thQ fact that 'EPQO changes (usually.

increases) In-the error occur at jocations.where the grid spacing
: Prege o
changés. . ~The -, (GeatTon —of these changés 85 areé Tndicated by the
[
arrows in Fligure 2.4=18. In addition, thes error drops from 0.23

to 0.17 for the second maximum when the small flow domaln (smaltl
grld) is used Instead of the large flow domailn (Iafgo grid); this

Is: another strong Indication. trat ; theggrror ls&sé 3ltive to the

s l&ﬂ
H

.y §
numerlcal pressures. it i g%
_In conclusion, the error (Equation B)aJuﬂso sehsitive to the

*w

grid spacling used ln_&NQSQ simulations that lt |3 Impossible to

datermine whether the llnearization assumption ls“valld for the
-—m
parameters — chosen. Morc simulations need to _be conducted using

.....
el >

varlous grig conflguratlons before definitive co?cluslcns can be

reached. in the event that the linearization assumpticn Is

- N e x?<., :- . .-

/ R s ST, 0 2,4-88
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3.0 QA LEVEL

invalld, the steady state form of Equation (5) glven beilow

. % (k)" o _
% ‘—m')" S N

can be used.to determine. the.3-dimensional permeablilty _tensor
without Imposing any ilimiting asaumptions. However, &a steady
state test cannot be used to determine the porosity of the
fracture system, so Information would be 108t as a result of

conducting steady state tests.

LA ) '-\v

This wcrk has been apprcved as Quatlty Assurance (QA) levet

111 In accordanca wlth NNWS!-USGS-OMP-s 02 Rev(1).

4.0 OPERATIONS

4.1 SEQUENCE OF ACTIVITIES - .
Figure 2.4-17:shows a flow chart |llustrating the Intended

sequence of ,act!vlthi.?.;Actlvltlos for FY 87 and FY 88 are

shown. A detalled time Ilne gantt chart Is ‘presented In

appendlx A along wltn & short descrlptlcn of each activity. The

i 4\..- .“.‘

t lma | ll’l‘ "3 an be used tO thQﬂl‘l l ﬂO act IV ity durations,

- - AL d ﬂ\n - 2

lnterrelatlonshloa between test activities, and approximate dates
defining start and end times for actlvltlps.
Preregquisites that need to bﬁ fulfitied prior to testing

Include:

z . 4-67



INITIATE MOCELING PROCURE TEST EQUIPMENT

GENERATE CRITERIA LETTEAS
& WORK ORDEAS
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L
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Qé)‘/ (a) Complete scoping simulations;

(b) Ordering and purchasing equipment;

(c) Generating criteria letters and work orders;

(d) Callibrating Instrumentation In the laboratory;

(e) Assembly and testing of the straddlie packer tool ln the
laboratory;

(f) Partial disassembly of the tool for shipment to the NTS
G=Tunnel factility;

(g) Reassembly of the too! underground In G-Tunnel;

(e) Leak=detection fleld testing of the tool.

Tt -

' 4.2 TECHNICAL PROCEDURES =

Formal' technical procedures dre not required for QA |53§n

1 jactlv{ties.' However, formal technical procedures will  be

written as a result of activities performed ourlng thils prototype

test. Data collected during prototype testing willi not be used
for site characterization. '

Techdlcel procedures to be developed for use ‘In -the

Pl
<:7// exploratory ‘shaft lnclude:

4 spormil n-qo-y 9 AAY Nt gt s oy . ARY 31BN

4_“’ kS (a) " Underground emplacement of packer systems ln inclined
L borehotles. = ..

“(b) ‘Depth measurements from collar of borehole to straddle-
packer components in Inclined boreholes.
(c) Cross-=hole and single-hole water-injection test
procedures.  __ o ' . S
(d) ~ Cross=hole- and single-hole gas-injection test
pr“adures. ‘. e o omaaas Ve v 1Yip CH
(e) Gas flow meter calibration and use '
(f) Wwater flow meter calibration and use.
(g) In situ gasrtracen,tost.procedures..a, ,1£wb. soQ. 1.2
(h) In situ ‘water-tracer test procedures.
. (1) _Procedure for testing & hydrogeotogic contact..
r* . 7}y " Procedure for ' testlna a known fault.
(k) Procedure for conducting & .cross-hole test for

dotermlnlng the anlsotroplc permeablllty tensor.

JtEN gLt eBW MSIEVE ¥iAl Al - mee e
Procedures .that are appllcable to thls prototype test and
vty e ma2 il alodeyng r Tl el 0

\currently avallable for use are Ilsted In Appendlx B: .

. o N AN . e w -

TR 28 AR \ ] M . . -
1
1

y s o _— AL
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4.3 CHANGES IN EXPERIMENTAL PROCEDURES % ° _ -/ !

Doces not apply to QA Level 111 actlvities.

-

5.0 DATA ACQUISITION SYSTEM

5.1 DATA ACQUISITION SYSTEM DESCRIPTION

5.1.1 Block Dlagram . - -
Figure 2.4-18 Is a block dlagram showing major cqmnonénggup!

the Data Aguisition. System (DAS). There are two major

subsystems: ~ a DAS ‘ylll be }locateq?'!p_ G-Tunne! near, the

expe}lmént; and COntrol-and-Stqrace subsystem cutside the tunnel.

The two subsystems communicate with each other by means of . a

dupiex synchronous Ilink with a speed of 19, 2 k bps. Thls

conflguratlon serves as a slmpllfled nrototype ‘for the lntegrated

O ' Data Acquisition System (IDAS) that the USGS plans to. use _‘,‘for \/

“‘unsaturated zone Jdorehole. monitoring at Yucca Mountain. ,. It ls

L NP R R T & B e X »:“..w

.,-‘"
" ey y

also an approxlmato prototypo tor the conflguratlon presently
planned for the Exploratory_Shaft Iintegrated Data System (1DS),

and can bO USQC’ to test most software and conceptual devolopment

R

STWALDE D0
ior .elther of those sysggggnot’.,d“a, nBrad vOls chi  (3)

.98 DOS AL AT ISS @Tem ADLY Twika Y,

- PO W R % \t ‘:}
8.1.2 Hardware for, tﬁa‘oiﬁygﬁcaﬁ?blelon 3ubsystamv nt A
;L uca°°1 ’53& ? SR 3 \ o

ll‘

Some>'Sf this: hardware can DO reclalmed fl’dﬂ equlpment used

In eariler prototype studties fOP the EXD'OP&‘!OI'Y Shaft lDS. Much

7., SLAMRIBC LIQU L &1L Bl e b
of the hardware planned for use In this system was originally
.- ~Per QAYT Tt s 1T AP Al 1388 Y tam e P, RlARE. Fablie i
nurchased for thJ‘Unsaturated-Zone Borehole Monltorlng 1DAS. If
R o E-T- S A - T - SR PUERCH o ERNRY ol S NOF AR

this prototype test proves out the prollmlnary deslgn tor ‘the

<:} IDAS, most of the hardware “borrowed® from the Yucca Mountaln
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wlrlng psnsls. L

e 2y

IDAS will have to be replaced with new equipment. The foliowing
equipment Is planned for use In the DAS:

(a) Miecro POP=-11/73 control!er with CRT console, OMV-11
syncnronousslnterface.f IEEEbéaasﬁus'lnter!ace. and non-votatile
CMos-memory; o

(b)Y HP"SdQ?A*dlgltal mlt{lmter;

(c) HP 3497A scannet ulthclntsgral DVM and several HP 3498A

L0 & B T I
- e ey VSRS e @ s
exnanders;‘

4
Al e e

! (4) ‘Quatogy DS-201 (or: squlvalent) sealed cartridge-tape

drive for on-slte data backup;

(e) Cabinet with fans, flltsrs. UPS power conditioning and

- .
.- - . . - - . RS - - c-

5.1 3 Hardware for the COntrol-and-Storaqe Subsystem
& -ﬂ" - e da ohy e mabeve poa

. HMITEYINLR
_,-Al&--oiu-theu-haedwaro-planned-for.use in. the Control. and.
0 LY ,ﬁ‘.‘\ rf -
Storsqe¢-8ubsystem was orlglnally‘PDUPchased for use In the

—— (% S TSN "r....{ LB

Unsaturated-Zone Borehols Monltoring (DAS. It Is planned that

this ~squlpment- be lnltlally-located in a protected environment
L ot R o . A
outslds tho portdl‘bfTGbTunnsl. ,B&!ors beginning Yuceca Mountaln
sxperlmsnts. this subsystem wﬂ??:be-moved to a USGS: !aclllty near
A |
Yucca Mountaln, but Twlll contlinue to service thHe prototype
\ il \-a‘
studles in G-Tunnel by™ means of a longer datallnk between this

o Cabitein o

subsystem _and the DAS.N. The followlng equlpment Is planned for

use ln this systgn:

-~

- -- . w la Wﬂh‘,h‘u - c YR PR "

S (a) MIcroPDP-11I73 computer wlth console and OMV=11

syncnronous interface; '
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(b) Duai floppy disk drive -and two RDS2A pard disk drives;

(c) TSVOS 1600 bpi ANS! tape-drive;

(d) Cartridge tape drives for reading backup tapes and
archiving data;

(e) WwV standard time receiver.

ceae M - W ‘- Ras 220 24
§.1.4 Software

The programming language for this system will be transparent
to the experimenter. A serles of menu drlven routines, - opeuattng
on the Control-and-Storage computer, will guide the experimenter
through assignment of A/D and excitatlion channels, cholges: of
signal conditioning, timing, and excitation parameters. The
software will assign labels éd all readings to avoldt*eenfijeief:

with labels for other experiments. The labels will "\ClﬂdQ‘CI‘OSS

"'references to appropriate callibration data. accordlng to

information supplled by the exberlmenter. The software wiltl
force a simulated 'run for each new test before the test

parameters can be down-llne loaded to tNe DAS.

“~: - o RIS - - PRRYER

' Termlnals at the experlment altes lﬂ G-TUﬂﬂBl will permlt

" o Wt A Y Al euTwe e’

'real-tlme dlaplays and Interactive experiment management. but all

NGERsE ATED G #TALT T L 4
commands for modifying an experiment are routed ‘through the

Control-and-Storage computer, which checks for authorlzatleﬁ and

conflicts . before passing -the.commands to the DAS. .

R T ) T w, e

5.1.6 Software Vvalidation .

- -

" Software for this: systeﬁ'ls valldated by & structured

programming approach. Loglcal requirements for software are
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structured and tested before code Is wrlgten: code, whem wri*'en,
is then tssted against the predefined ioglc.

Software implementation Is tested by. simulated. ata-
acquisition experiments <that run on the Control-and. .orage
system. A software routine for hardware set-up allows t- :ing of

sensor wiring befors data acquisition. L g ’~a

5.2 DATA COLLECTION - . T
-8.2.1 Data: Collection Raten>*x -- - i A-;:,gg!:ggxa.gﬁg-aj

' The maximum rate at which this system can cotlect, process,
and store readings Is approximately 7000 readings per hour, where
an average readlng conslsta of about § subsamples. gach

lndlvldual “test: COIIQQQS data at a rate GDDPODPIQQQ tO the SCB!Q E

DU
(:) of.measurement, subject to this overail systan~constralnt. PTAw \~4/ %
4 » %
e pr miAsce P W A EN- 2% - N L 1 20 5’»7«3?_ ?501335_7— *-‘: :-f-:-"""a_‘f‘!‘ '4..
*5.272 Data COnverslon t ‘ . :
, - - S P AT SRR N Y o & A N o o T NN

Data are stored In both raw form as output by the digltas

multimetar and In scaled and coverted form. The scallng factors

- L. L
and. equations are rﬂfefeﬂced in the data i abel S. Menu=driven

trmInn iy tmeEy =" i TIIIE IOAMIIBIXD &M S cimeirnal
routines assist the experimenter In selecting conversion
f o AuE | PAReAsTLAST L AW SRR TV IZORTEAN Dus D Gt \E rr T 390

‘equations appropriate to each sensor. :
AP2  ALu0TRT BLIICT @13 FAOMIIAAVE NA QBRI Bam S L 33W0d

.8.0 PERSONNEL QUALIFICATIONS - - croams me Ll

Quality level 111 workidoas.not.regquire- -formal certlification

of project DQ!’SQI"\OI' nevertheless, thﬁ personnol Invoived In

- s ICREY /SRt A M

this testlng activity could be shown to have the approprlate

A LR
e TN ST R S slaw

technlcal expertlse. !
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7.0 NONCONFORMANCE ACTIONS ' et
Nonconformance of Quatlity Level 111 Items or processes will
be documented per the requirements of NNWSI-USGS-QMP-10.01,
Rev(1). Corrective action will be docpmented per--  the
requirements of NNWS!-USGS-QMP-16.01, Rev(1).

i . R o ERY P .- . ) EIRT-1!
8.0 DOCUMENTATION : '
As deecrlbed in NNWSI-USGS-QMP-: 02, Rev(l), existing OSGS

3
good eclentlflc prectlce requlremente ahell epply to Quatkity

Level 111 work. Therefore.. f]eld notee. log booke. end xde;a
records (computerl|zed or otherwlse) will be maintalned with the
utmost of care and preclslon. . All manual data entrlee are to be
recorded In permanent Ink, end are to be slgned end detec by the .

}.person responelble fer the date collected. Cbmputer-etored date

S LN BOY SRR e .. [CRiat A RSN T LY S-S 53 Yo, gi-lake el Byt
_ere to be tagged. as descrlbed in Sectlon 6 1 .4 and 6.2. 2. Al
e L e, NPT SL AU 15, ST VS R il

leg DOOKS and records are to be permanent!y melntelned and

erchlved .ln the USGS Denver offices. A USGS data-records

management system will be maintalned in Denver for sunport of all
data cotllection activities assoclated with the uses prototype
pareileatas 2Ac!2EBEDY 08 F8jArme WS W s e .
testing program. . \
8C v 1SH.T=L 10F E&I-QTE OCAL EACIZW RILL.LD ) T ®ES NG
Y
9.0 SAFETY!:..:v LI N R T e I T a4 b e T

There are three potential hazardas essocleted'wl.th Cf’OSS-hGlG

pneumatic testing. They Include the use of hlgh-pressure _gas

FARDN, - Y

cylinders, hlgh-pressure lnfleteble gas peckers and tracers.

je R ATl ] RS Seotima s e -

Hazards assocleted Vllth trensportlng end storing ges cyllnders

P R+ ‘ L . 1

Include ecc!dentel rupture of the metel cyllnder or valve stem
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. except when utlllzed for testing.

breakage . In order to minimize this hazard. the cylinders should
be secured to a wall or other heavy object out of the way

operating machinery. The cylinders should be:capped at all times

The second hazard may result from exceeding the recommended

inflation pressure of the pnesumatic packers or from 8 rupture

'.‘. Y ‘w o,
resulting from a damaged packer gland. Prequent lnsnectlon of

"3 -

.

the packer glands a!ter each tast and maklnq SUPO that fleld

sa el Ty By N LI R T A - R R ] - A T s o 1o |

-

crews are famillar with the manufacturer’s safe operating range
-
of the packers should heip eliminate these health hazards.
‘ e

A third hazard may result from the lmpropér use of tracers.

The _tracers that will DQ used durlng thls prototype test Wlll.

"-'.\. "ﬁ- M - . £ "

i conslst of nonvolatllé chemlcals that wlll be added to the test-

[4R 2T T 0 d PRESNERA - TN,

water. Taklno the solutlon orally. absorptlon through thO skin

A . 5.5.8 RN - 2. i.A rILDIZ AL LABLISEIE BN . LOBRQ8Y €I TOF By, .

‘or splashing ° the tracer into the eyes present the most- llkaly"fw

L 2R “nn|3"f"-v \ . R . er, Vv a*sm - dale Yo ool Bod b lal o F T Al | O}

hazards. The USO of proper clothing (rubber gloves and 9099|33)

and Instruction on tracer use should mlnlmlze thess hazards to

- - R .o, C.

fleld DBPSOHHQ‘-

nrw:civ** Rt a2 B B PR wasrgloones s9t2ivi2as nol309.1:i03 ALLD

ln addltlon. safety requirements and regulations established
M -f - e wissne
by Reeco and Sandla National Laboratorles for G-Tunne! will be

\
adhered to by all personnel while working In the faciiity.r o.¢

'10.0 REPORTS ' '

.tz in s - oL~ Pl ant mr seez o e TLAn]

“#10.1 PRELIMINARY REPORTS

IR Ty - L o *- ‘yg -( . ) [ S PR S o -\-0. [ L

Thera W'll be a 33?'33 of admlnlstratlve reports .‘Qf

Sy . lﬂ-l—:' « 8- c-‘ 0.-‘~1—!?' 272 ﬂ’ Ve “‘.,‘-\t""s R R S e )

prellmlnary results prepared as socon as posslble after comofﬁtion

- -~
LS . . A L.
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'later than Aprll of 1980..

of portions of the test. These administrative reports will be
provided - to the Denertment of Energy- (DOE) and other related
Principal Investigators from Los Alamos National Labortory. The
erdes-hole~ pneumatic and hydraullc- test. ayseem consisting of
hardware, software, technical procedures, methods of data
analyses, and flnal fleld testiconfligurations:» will be.ready:for
use In the'Expldratory Shaft on“or prior to the current expected
shaft . start. In early spring:of - 1989. -~ The time ..table s ‘for
del lvering r.the test system and preliminary - reports, whichv is
conslidered a millestone, is shown on the Gantt chart In Appendix A

and designated by the task code DREPORT.

10.2 FINAL REPORT

b

SETEIGT o Rt k. = - 2 vpd Snems - Llass.
completjen ef the test. wlll consist of eomnlete data analyses

(:)’/ The final report. t0 be prepared as soon as posslble after
BIED

Ceega . W e EEE I S ST T TR A CERH e CaTear

and lnfernretatlon of data collected durlnc G-Tunnel testlng. It

N

will be In the form of a paper publlshed by the Water Resources

Division of the U.S. Geologlcal 8urvey. ln addltlon. a manual or
A DORERY Y B . "w, neeaT S g P RN T M S T SR ORIPS 1

series of manuale on technliques deserlblng procedures  for

eV enR Ny SR < foe R venl see COMAMININIC -~ Trgn: LNGXF

planning and executing speclallized work In water-resources
Jtegpstvenn awer, 0" 23UBLae N0 S TEINB208NAND reliax2es ©F 3IWO _
lnvestloatlons. wlll hopefulily be published as Techniques of
1YY, T T IR S e . L PITOGRT 0 Fnesua T . AT -E
Water-nesourees lnvestigat!ons of the USGS. The tlme table fer

- dellver!ng these flnal reports. whlch Is conaldered a mllestone.

wd TReTEe s CEZNOQTOT D ML SpTIerdE et
is shown on the Gantt chart In Appendix A and deslgnated by the
basd oo g Y ', BRI - E L N . FR N ad I
task cdde DFRPT. This millestone Is scheduled to be reached no
- t 3 Tandi 2 AN AN 7Ty - T “ 8
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11.0 DEFINKTIONS . : , . s

A. Prototype testing -~ -Exploratory shaft preparation: work
conducted under WBS: 1.2.8.9.4. Prototyne' testing lnvolvas

preparing and-conductlné experiments,. tests and*fleld triaisiof
propased ES tqsts to valldate concepts. equipment, and designs.
and to daveiopn.techhicxihprocedures.. . . - - anid . —sil;a.

B. - Cross-hole pneumatic test = A gas Injectlion or withdrnawal
test conducted between two or moie adjacent. boreholes.: usedu'to
evatuate rock: formatlon-paramaters=suchwas gas-permeablllmw*:a~

c. Cross-=hole hydraullc test - A water Injection:  test

conducted between two or more adjacent borehoies used to svaluate

- L.

conductlvlty. : R

R < T B T LI PR LI B : AN Y s

D. Measuremﬁﬂt Equipment - Sensors and related data
2ualianm . p3sro winlamon Yo 32tznos {7 @ LCawe a3 Ao, aQlrAlGBaR

POCK formatlon parametesrs sucn as water permeablllty or nydraullc_'

acqulsltlgn “system used to measure and record the physlcal stat&t

. cpr tenry el JArsgt rersstisn cxan o no-Yega~asarxe| dAas
of a substance (e.g. temperature of a gas)

E. Operatlonal Equlpment - CQntrollfeedback system used to
ez v - et e W S P - 3 es. Y I
regulato tne operatlon .of an Instrument or entlre experlment.
Al g231Ubasnce gnra-1~uob verprartey 10 x.ayaam Yo 2Rives
F. " Experiment: - Performance of operations that are carrled

2rTl1Uossl=1228W ATOW Dei'lAaidage (0 rJOANS Bag qainnalc
out to esatadlish characgteristics or values not known.previously.
3. rouvofndzeT 2 DIOPIIOLQ N8 it Ten O tiiwm ,8NOA\IBQI28AVA,
Q. . Teat = Process of exposing an ltem af hardwara or physcial
gy L toleP L LA ¥ SC SITLOIT - BN
system to a glven stlmulus or operatlonal sequeﬂce to datermine
-~ '.",.‘B S \"' F v @ s - - \3- . -al:n-
lts acceptablllty or response. respectlvely.
~% - pareAnlTyea S8 A ¥ hAmaes S ITEAT VU v addt 1o awonz al
H. 4 Analyses‘ - calculations or other evaluations needed to
R Ml ST T iune. 2 ' PO N ’ TOTF Ay sy a8
assess slte characterlstlcs. supporet deslgn actlvltles. or to
RN LT

support experiment deslgns and svailuations.
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APPENDIX A : ‘ T

. . - rio. LY ~
ent L > R
Ceae w3 - =
CROSS-HOLE PNEUMATIC AND HYDRAULIC PROTOTYPE TEST
SCHEDULES AND MILESTONES
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Q;}—/ Table 2.4-3. Time |ine task table report

Task Code .
DAPPROVAL
- DCALIB

oDTP

DDTPM
DFRPT ° -

-

DLOGXTVC

DLOG&TVF

<E>,/ DLOGRTVG

"DMON | TORC
DMON I TORF
OMON1 TORG
oPO

DPROC
DREPORT

DSEQEQUIP
osiP

Task Description
WMPO technical and QA approval of SIP

Calibration of sensors for Cross-hole fleld
testing

Detalled., Test Plan writeup for nnéumaté%&-
hydraul Ic cross-hole testing )

COmpletlon_of,nTP for cross=hole testlngYTc

Completion” of final®. reports Including.
Interpretive and technical documents

Log cross-contact boreholes; TV, neufron
probe and fracture logs Co

Log fault intersection borehole; TV, neutgon
probe,.and ‘fracture logs ' .

t0g Bulk Permeablliity proédtype test.m
boreholes: - TV, - neutron probe, and fracture

logs 2s ool . et

Mo@lfon;naQQﬁ,lnjéctlon crosa-contact”teétiJn
order,tq,gq§¢acterlze caplttary barrler

Monltor water Injection fault test In order
to characterize known fault

Monitor gas Injection fracture/matrix test

to determine 3=dimensionsa! permesablillity -
tensor of Grouse Canyon member

Prepare purchase orders for equipment

Prepare preliminary procedures for testing
Prepare pretiminary acdministrative reports
and dellver cross-hole pneumatic & hydraullic
test system for use In the ES

Secure test equipment from vendor

Prepgre Sclentific Investigation Plan (SIP)
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TABLE 2 . 4'3 .

Task Ccde
OTESTC

oTESTF =" -

DTESTG

- - .y
-~es T

OCUSGSREV
OWMPOREY
owo

-

_UDDRILLF.. | o

““known fault

Conduct short

.

Time |ine task table (continued)

-
-

" Task Description

term gao lnjectlon tests QGPOSS
hydrogeoclogliec contact

‘Conduét shoﬂt gofl!i';éﬁ_o:‘flnjeotlon tests’ "2?319
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APPENDIX B

APPLICABLE TECHNICAL PROCEDURES
CURRENTLY AVAILABLE FOR USE

2.4-87



e _

Tz - e 2.4=4. Apptllcable technﬂcal procedures.

\
\

Technlcal Procedure

\
Number Title Date
(NWM-USGS= )
HP=12, 'R1 Procedures for handling and 08-14-85
{under fleld testing of the core

revlelon) from unsaturated boreholes
Y

HP=74, RO Use of the Stabll=Therm 10=-28-85
: minature batch ovéen

HP=-32, RO Method for monlitoring molgs- 05-165=-85
. content of dritli-bit

cuttings from the unsatu-

rated zone -

HP-73, RO Calitration and use of the 03-29-85
Sartorius electronic top-

loader (balance) Model

1560TMPS

{:‘fwf..!;'-’.". “\ ’
f‘

s

Frequency of eaulpment cell- 07-24-84
bration for unsaturated-zone :
teetlng. Nevada Test SIte

Laboretory_procedurea ferzf?““
‘Jefthe ‘determination” of»mole-ﬁa
%, . ture=-retension curves'of,

. FoekK cere,« '-,,; o s o ,

- | . e
. l-. - i

?Method for measurlng mols-'“ﬁ~, .
ture content using.a neutron "~f“ Cal fﬁ.f@;“:
moleture meter L S

-t
.

_,'3’."_!. "

s

~Laboretory procedure for
caflbration of pressure .
‘transdueere



i .

Table 2.4-4. Applicable technical procedures (conttnued)

Technical Procedure

Number Title
(NWM=-USGS~= )

. HP=14, RO Lsaboratory procedyre for
) (under callbration of thermocouple
revision) psychrometers

GP-10, RO Borehole video fracture
logging

GP-11, RO Logging fractures In core
MDP-01, RO Identiflcation, handling,

atorage and dlisposition of
drilli=hole core and samples

Date -

07-09-84

04-12-86

05-16-86
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