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Predictive Modeling of MIU3-MIU2 Interference Tests: 

MIU Site, Toki, Japan 

Sean A. McKenna and Randall M. Roberts 
Sandia National bborataaies 

PO Box 5800 
Albuquerque, New Mexico 87 1 85-0739 

PPledicti%~mOdtling of the mutts of a d e s  of b- kss being conducted at tk 
MIU she in d Japan art cmducbbd using a weU a t  shhtor (nSIGH'TS) 
developed at Slrndia National L a b o d = .  A Monte U o s  approach is d to 
acknawkdge uncertainty in the values of hydraulic ductivity, specific storage and 
flowpath length. The Monte Car10 results ptovide a distribution of m k  dues  for the 
time to I metm of o b d  drawduwn aud tk aff~mnt of dr~wdowo a h  12 days of 
pumping. Each of thm two muhs is deulaoed fw each of six obsmatim Itxations in 
and around the Tsukyoshi fault. A A d  of 500 dzations of the in- test for 
each of two difkrent c o m q t d  modeIs ate exanniaad, The radial flow, arTh&, 
comxptuat modtl results show dmt noae of the d i z a t i m s  product more th me m t ~ r  
of drawdown In any of the six o b a t i a n  pietcuplelm, The sGcond oonceptoal model 
considers tbe flow dimmian to also be a stochastic parruncter with a u m h  
dhtributiun between 1 (licmr flow) and 2 (radial flow), T%UE results indicate that fur the 
model setup employed in this snrdy it is necessary to have a flow dimension bs than or 
equal to approximately t -9 in order to achieve more than ont mkr of drawdown in my 
of the obmation pram-b~a.  A simple sensitivity analysis shows rhat the mount of 
drawdownoccwring dkr 12 days of pumping is most &ti= to Ihe flow dimension 
and nearly hdepda t  of the specMc storage vdue. 



This repart benefited from thoughtful reviews by Sh i~ j i  Tdceuchi, Hiromitgu Saegusa, 
Katsushi Nakano, SUSM Altmm and Erik Webb. This work was funded by the Japan 
Nuclear Cycle lkvelopmeat Ins4itute through a contract with h d i a  National 
Labomtoria. M a  is a multipmgrarn labomtory qmated by Sanctia Cqoration, a 
h c k h d  Martin Company, for the United States of Energy under Contract 
DE-ACW94AL85000. 
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Introduction 

JNC is planning a series of interference tests between the MIIJ-3 and MIU-2 bo~holes at 
the WIN site. la ordm to predict the success of these tests, Sandia National Ihmatorh 
has conducted probabilistic mdeiing of the interference tests. The approach taken in this 
probabilistic maleling and the results of the maleling are given in this report. 

The goal of this project is to predict the dmwdown thd will be observed in s@tic 
piemmeters placed in the MW-2 borehole due to pumping ar a single location iu the 
MIII-3 borehole. These predictions are in the form of distributions obrained thmugh 
multiple forward runs of a *ell-test model. Specifically, two distributions w i l  be created 
for each pumping location--piemmeter location pair: 1) the distribution of the times to 
1.0 meter of drawdom and 2) the disuibutian of the drawdown predicted after1 2 days of 
pumping at a discharge rates of25,50,75 and 100 lhr. Each of the steps in the pumping 
rate lasts for 3 days (259,200 seconds), This report is based on resuits that were 
presented at the Tmo Gwscieoce Center on January 27h, 2000, which was 
approximately one w e k  prior to the beginning of the interference tests. 

Hydraulic conductivity (K), specific storage ISJ) and the length of the pithway (Lp) are 
the input parme tm to the well-test analysis modeI, Specific values of these input 
parameters are uncertain. This parameter uncertainty is accounted for in the modehg by 
drawing individual parameter values from distributions defined for each input parameter. 
For the initial set of runs, the frac~ure s ysrm is assumed to behave as an infinite, 
homogensaus. isotropic aquifer. These assumptions compand to conceptualizing the 
aquifer as having This behavior and producing radial flow to the pumping well. 

A second conceptual model is also used in the drawdown calculations. This conceptual 
model wnsiders that the fracture system may cause pundwatm to move to the pumping 
well in a more linear Inon-mihi) manner. The effect of this conceptual model an the 
drawdown values me examined by casting the flow dimension (Fd) sf the fracture 
pathways as an uncertain v a b l e  between I .O (purely linear flow) and 2.0 (completely 
radial flow. 

Available Data 

The JNC site characterization team at the Tono Gmscience Center (Takeuchi, written 
communication) has provided information regarding the hydraulic properties of fracture 
w m  in the vicinity of the MlU site. The fiachrred-rock data provided include 208 
mmremenrs of hydraulic conductivity and 7 measurements of specific storage. 
- * - -  - -c - -- --. - - -  . -  - - 
h addTtion to the h y w i c  infodon,-thephceme.at bf the pumping location in the 
MlU-3 borehole and the locations of the six packed intervals in the MTU-2 horehole have 
b m  provided. The locations of the pumping interval and the piemmeters are shown in 
Figure 1. The strai@t-Lim distance between the MIU-2 and MIU-3 boreholes is 134.5 
meters. 



The depth below ground to the top and b ~ m m  of the receiver sections (the MP intervals) 
within MIU-2 and the injectionlwichdmwal section in MIU-3 wem prcrvided by the TGC 
staff. These depths were converted ro elevations hove man sea level far this exercise. 
The Iocations given as both depth below ground level and &vation are shown in Table 1. 
The elevations at the top of MIU-2 and MIU-3 aspectively are: 223.8 a d  230.5 meters 
above sea leveel. A schematic diagram of the pumping interval, the Tsukyoshi Fault and 
the MP locations is provided in Figurr: 1. The boundaries of the Tsukyoshi Fault in 
F i p  1 a r ~  approximate and both the low p e d i l i t y  fault cure and some of the high 
prmeability damage zone m u d  the Fault core are included within the% boundaries, 

- 134.5 m - 

Interval ** ** *I. 
*+* **. ** -*a 

'4. 
., 

I **. 
***, 
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Frgare 1. bss-sectional schmntic view of the pumping in- and piezomkr 
locations ixl the MTU-3 md W - 2  barehole$. Elevations are given in meters above sea 
level. The scale on thr: left sicie of the figure is elevatiun in mekrs, Note that the full 
length of the boreholes is not shown here, 



Table 1. Dbprhs and &vations of intervals in the h4W-2 and MItr-3 borehoIes. 

ilepth to Top Depth to Bottom Top E Bottom 
of Xnkrvd (m) of Inaervd (m) (m) Elevaiior 

Withdraworl 777 802 -946.5 -559 
MIU-3 - - 
MP-I 868 885 -644.7 -661.2 
MP-2 888 916 -64-"1 -6922 + I 

MP-3 9 17 93 1 -093.7 - -707.2 I 

MP-4 932 - -708.7 735.2 
MP-5 -7936." 7472 
MP-6 972 983 :748.', 
Tsukyashi 888 916 -664.7 -6922 

-%+ 
FauIt MILT-2 - 

Tsukyahi 690 723 -467.5 -492,s 
Fault MIU-3 - - 

Uncertainty 3 n Input Parameters 

TZle values of K and S& am not known m o s s  the spaific fmctuw pathways h n g  tested. 
These pameten ate only known in a sratistial sense by inference from packer twls 
conducted at other lacations both within and n e d y  the MIU site. The exact length of 
the fracture path betwmm the pumping i n ~ d  d the specific piemmeter lomion is 
also unknown. At a minimum, this distance m s t  be at h s t  m long as tfie straight-fine 
distance between the pumping interval a d  each piemmeter location. 

Uncertainty in  RE exact values of drawdown in MIU-2 due to pumping in the MIU-3 
b o t d ~ ~ k  is modeled by employing ti Monte Culo modeling appmch A tQta{ of500 
possible values of the log 1 0 A: and log1 0 S, parameters drawn, independently, from 
distributions d s c r i i g  the uncertainty in these pacarnetem. Distributions defining tbe 
umrtahty in these parameters are constructed by fitting adpicat distributions to the 
available data. The paramiters defining these fitted distributions are shown in Table 2 
and tbe mdyiicd distributiom m c o m p d  to the available dm in Rgim 2. 

Tahle2 Parameters defining the distributions fit to the K and & data provided by JNC. 

Y U I R ~  of Data 18 - - 7 
Minimum NA -1 1.5 

Mean t .-8.19 
StandardDeviatim : 1 ., 66 

M e d b  - -8, L9 -9.0 



Frequency 0.2 I-+ Dimition Fit to 
Observed Data 

Log 10 Hydraulic Conductivity ( d s )  

Mean = -9.0, Standard Deviatian = 1,4 

Obswed Data 

bg-Uniform 
Mstrlbution Fit to 

- I I ?iq .OQ7 -1 0;207 -9.407 -8.807 -7.807 -7.W7 

Log10 Specific Storage (l/m) 

Observed Data 

Fignm 2. Distdbodans of log1 Q tmfomred hydraulic conductivity (upper image) and 
specific storage flower image). The actual data are shown in blue and the fitted 
dihbutions a~ shown in red. The man and standard deviahon of the distributions rrre 
indimed in the titles above the graphs. 



It is aotd that u n c d n t y  in rhc values of K and S, is also due to the interpretation of the 
individual slug tests. For example, the values shown in Figure 2 are based on an 
assumption of radial flow to the tal internal. Another possible interpretation could be 
made under the asamption of non-radial £low to the test interval (e.g, the v d b l s  flow 
dimemion case discussed blw). This type of anceminty arising hm-the test 
interpretation is not cmsidered f h r  in this study, 

The tfiird u n d n  pmmtcr to be modeled in this predictive exercise is the path ten&, 
4, between the pumping location in MTCJ-3 and each piemmeter in MIU-2. There we no 
quantitative data on the possible distributions of path lengths though the h t u r r :  syskm. 
However, it is possible to use simple geunaetrie arguments to defermine the minimum 
pmsible path 1- between each pumping location add the pietometer locations. These 
minimum path lengths m given for each piemmeter in Table 3. 

The distribution of L, is defined using the minimum possible path length and some 
assumptions regarding the connectivity of the k t w ~  system. It is assumed that the 
minimurn ucmnl path length is oae percent longer than the m h ~ u m  pnssibb path 
length. The most l h l y  actual path length is assumed to be 20 percent longr than the 
minimum possible path la@ and the targat actual path length is assumed to be 60 
percent longer than the minimum possible path length. These dues correspond to 
tomosities of 1.01.1.20 and 1.60 dong the flow paths, There no data avdable ftom 
the MKJ site to support these aserssamptiom. These values ace b e d  solely on expert 
judgement. For each pimmta, the minimum, rmst likely and maximum path lengths 
are & f i n d  m Table 3. These h values m used as the parrunems ibat define a 
trietngalar distriiutian . - of patb lengths for each piexomex 

TabIe 3, Minimum h t u m  path lengths, Lp, and parametera defmhg the triangular 
dishbutiom of path length% 

-1 M-G I Minimum Most Likely ' Maximum - - -+ 
Possible Path ' Actual Path ActudPath I Actual Path I , 

I L n g h  (m) : Length (m) h g t h  (m) : Length (m) I 
- 

MP-1 163.9 t 65.6 I 96.7 262.3 ! MP-2 179.7 215.7 - ' 287.6 
MP-3 1 - 5.0 - tW.0 234.0 - 312.1 
M P 4  210.7 2 12.9 252.9 - 337.2 

I 
MP-5 2% 9 229.2 272.3 - 363.0 

The S, values shown in figure 2 and described id Table 2 are extreme1 y low values. 
There are only seven measurements of specific storage- all made in the same borehole, 
and they range from 9 . 9 ~ "  to 9.9~" (I /m). These values are extremely small, even for 
fractud rock, It is possible that these results m y  be caused by a $kin&atarnund . - fie 



b d o k .  I f h e  dii& are u d  in fhe-sd& of draw- in the MW-2 W o k  
from pumping in chE MIW-3 borehole, the p o u m  fmnt reacbRs the MRI-2 borehok in 
less than 1 second. Therefore, some addidonal exmination of t k e  ralw wm 
necesssry. 

S-c storas fs catculaeed as: 

whae f i  is h e  density of water wm3], g is gravitational aecckration [m!sec2]. a is the 
compnssibility of Q: m k  k t l l l a ~ ,  ) is the porosity of the m k [ - ]  and is the 
comp~ssibility of water [m IPI]. The range of cmpmsibilities measuted on fhctured 

10 2 mkrmsfmrn3.3~10t06.9~ m / N ( D o m n i c a M d S c h ~  l990.Tablc4.1). 
The compressibility of water at 25 d c p a  C is 4.8E-10 m2/N (Dmmnico and Schwartz, 
1990, page 105). 

Figure 3, Plot showing s p i f i c  st- a a function of rock cmpes~'bility far thme 
diffmnt values of pmity- 

A scrim of calculations of S, are mrde mms the range of pmsibk rock cmpwslbility 
values for three d i b t  fmam pwoasitius: 0.0 I ,  0.00 1, and 0.000 1 * b dmc 
EalcuIatim, tk dmsity of warn is a s s d  to be 997 kglm' and gravitational 
sffclcration is set to 9.8 1 mlsec2. The mults of thac calculations are shorm in Fiprs 3. 

The valm of spscific s t o n y  from t h e  calculatioas suggest a mge of specific storage 
is appximately from 3.0E to 7 . e  ( l h ) .  Ihece valucs me cmsidmbIy hi* (2 
to 6 mien ofmpitude) than those mastutti in MU-I, and the range of vdues is rnuch 



narrower (less than one-half an order of magnirudt:). The results in P i g w  3 dso show 
that the assumed hcture porosity has only a small effect on the calculated v h e  of 
smific storage. 

The 3, values measured in MIU-1 appear to be smaller than physically possible. In order 
to d e  meaningful predictions of drawdown at MIU-2, we propose that a uniform 
disuibution of S, values between 3 .Wo6 to 7 .OE" ( lim) applies to this problem. 
Specific storage values are taken fm this promsad distribution for the drawdown 
calculations given in this tp:pr)rt 

Thr: distribution for hydraulic conductivity b nmdjfied to have a standard deviation less 
than what was observed in the actual measured values. T3is modification is done by 
decreasing the standard deviation of the distribution by a factor of 2.0. This mw standard 
hiat ion  i s  0.83 compared to 1.66 in the original distribution. The standard deviation of 
the hydraulic conductivity valuts is reduced in order to account for the scale difference 
between the hydraulic conductivity measured in the slug tests ( s d l  scale) and the 
effective, or average, hydraulic conductivity of the pathways between the pumping 
intetval in MIU-3 and the MP's in MlU-2 (1 arge scale). T b  actual s& difference and 
the scaling process are uaknown and this  ducti ion in vhability is based solely m e x w ~  
judgement. The mean af the lognannal distribution remains the same as the measmd 
disrributim (-8.19). 

Input Vectors 

Disributions for the thm critical pamm- (K, S, &) governing the amount of 
drawdown in an intdmnce test have been derivd. These di~ibutians are based on a 
b e  amount of data (hydraulic conductivity), published v d e s  (specific starage) and a 
lower limit on the possibIe vdues coupled with =me: assumptions m the shape of the 
distribution (path length). Prior to running the fornard models of the interfmnce test in 
the weIl-test analysis code, it is necessary to draw a set of input vectors h r n  these 
distributions. 

E h h  forward run of the well-test analysis c& requires a vdue of K, S, and L, drawn 
from the distxibutions defined above. A single! vdue of each of these tlsree p m W s  
comprises m input vectu r. In tbis exercise, a total of 500 input vectors are dram fkm 
the distributions. The $00 values of K and S, am kept the same for each piemeter as 
those distributions ace based on data that are considered to be regionally applicable in the 
vicinity of the WW site. These 500 K and 500 S, values are h w n  from the lognormal 
md uniform distributior~s defmed above. 

The path length distributions defined in Tabb 3 are spdf ic  for a h  differeat 
piezometet. 'Therefore, 500 different values of l+ are dram for mcb piezomter for a 
total of 3000 different  pa^ length values. The parameters mrnmarizing the K, S, and Lp 
vectors ase given in Table 4. The: bisuibutions s u m a r i d  in Table4 are frorn Cheaclvat 
parameter values used in the simulations presented h a .  There are 5 OD vdum irl each 
distribution. 



Flow Dimension 

WeLl-test analysis h o d s  used to estimate K and S, were historidly developed to 
characteriz flow within idealizd radial flow systems (left image, Figure 41, i s . ,  flaw 
within a homogeneous, isotropic, constant-thickness porous medium. Flow within 
fractured hydrogeologic systems, howvet, can be quite different than flow within a 
homogeneous porous medium. Fmtured systems tend to channelize the flow such hat a 
few high pxmeability pathways supply water to a pumping well (right image, E i p  4). 
Tbe flow dimension e b e s  the flow pattern towards the pumping weI1, with filly 
radial flow hrtviag a dimension of 2.0, and flow in single, linear fracture having a 
dimension of 1.0. The conmpt of a ff ow dimension is added to this analysis to account 
for h e  complex and variable geumetry that is aften observed in fractured hydrogeologic 
systems. 

Table 4. Stahtical parameters of the input distributions of K, S,? and I, used in the 
interference test model runs. There m 500 values in each distribution. - 
Vector standard Median Minimum Maximum 

Deviation 
bgro K -8.19 033 -&,19 -10.96 -5.74 
id$) 
Log10 Ss -5.34 0.1 I -j.34 -5.52 -5.16 
( i h )  - - 
MP- 1 208.2 20.2 1 67*9 -81.3 
Length (m) - 
W - 2  228.3 22" 1 225,8 183.9 286.5 

. Length (m) - 

IVZP-3 247.7 -24.0 24 - 199.4 3 10.3 
-- 

---- 
MP-4 267.7 25.9 264.8 215.1 333.8 
Length (m) 
MP-5 I 38.2 285.1 23 1 -4 360.8 
Length (m) 

3T10.6 29.1 297.4 240.0 - 
- 

374.2 

Predictions of he time to 1.0 meter drawdown and the mount of drawdown after twelve 
days of pumping at each piezometer are also mated for the w e  of u n d n t y  in h e  
flow dimension, Wormation on the flow dimension of the fracture system for the 
subsurface at rhe MIU site hers not k e n  obtained. Thmfore, uncertainty in the value of 
FD is  also handled through Monte Carlo modeling. 



%Tp% 4. Schematic diagrams showing radial flow to a well (left) and channeled flow to 
a well (right). The flow dimension of the. system in the left image is 2.0 and the flow 
dimension of the system in the right image is near 1.0 

The case of €Low dimension equal to 2.0 is the case of purely radial flow to a well in an 
isotropic, hamogeneaus, fully cunfined aquifer of infinite extent. This case is taken as 
the upper limit on the FD distribution. me lower limit of thedistribution is set to be 1.0 
corresponding to the case of flow to a well that penetraks a one-dimensional (Iineat) 
h c t u r e  {see diagrams in Figure 4). A uniform distribution is assumed for the value of E;r, 
between the lower and upper limits of 1.0 and 2.0, 

A total of 500 values of FD are &awn from the uniform distribution. The results of 
drawing these values are summarized in Table 5 ,  

Trtble 5. Sununary statistics of ixtplut distribution for flow d h i o a  

Flow Modeling 

' Mean ' Standud 
Deviation 

1.50 i 0.29 

Sandia National Laboratories, dong with partner organizations in Canada France, and 
G e m y ,  is cmnt  ly developing a numerical, M S-Windows-hsed %ell-tes t aaaly sis 
code (nSIGHTS: ndirnensiond, Statistical, Inverse, Graphical, Hydraulic Test 
Simulator}. The code will bave many special features designed to analyze tests 
p d o d  in low permeability fractured systems, including the analysis of €low 
dimension, and the & will featm a full range of advanced statistical and probabistic 
capabiilities. A prototype version of nSIGHTS is employed in this study to calculate the 
drawdown distxibutiom for both the radial and variable flow-dimension conceptud 
models. The nSIGWTS code provides a numerical implementation of analytical solutions 
far both radial and mn-radiaJ flow to, or from, wells. 

MAiar~ Minimum Maximum 
- 

1.50 , 1,oo 



The initial heads in each borehole are set to an arbitrarily large value within the model. 
Tbis choice of initial head values m y  ~ s u l t  in some large and unrealistic vdues of 
drawdown. However, this assuraption does not affect the answer to the rnain question 
being asked: How long does it t a k ~  to achieve 1 meter of drawdown. 

The borebde diameter is also necessary as an input parmeter. The caliper log for 
b o ~ h d e  MIU-3 was examined witbin the pumping interval (eIevation -546 -559 
meters) md the average diameter was calculated to be 10.0 cm. This value is used for the 
borehole diameter within raSIGHTS. These models run with stepped pumping rates 
for a totd pumping time of 12 days, There are four steps, a h  lasting h e  days, and the 
pumping rates in thew four steps tm 24,50,75 and 1 DO liteis/hour. 

Model Results 

TWO sets, or ensembta, of realizations were m to pxedico the. drawdown in MU-2 from 
purnping in MTU-3. These two sets cornpond to the hUy radial (flow dimension = 2.0) 
and rariable flow dimension cages rts d i d  above. The ~ a u l t s  of each set of models 
are described below, 

A total of 500 Wzations  we^ completed with the flow dixtnendon set equal to 2.0. The 
hettd level in the pumping well was monitored to determine if the drawdown m k e d  the 
pumping interval. It was assumed that if the drawdown in the pumping well e x d a d  
777 meters then tbe pumping well becam dcy, The 777-meter distance is the 
agpeoffimate distance from the ground surface to the top of the Dumping interval in the 
pumping well 

The mults of these SQQ f m u d  models show that I105 of the 500 mhtions resulted in 
mom than 777 meters of drawdown in the pumping well (M W-3). None of the *mining 
395 dizatioris produced more thafi 1.00 meter of drawdown at any MU-2 observation 
piemmeter within the 12 day pumping mod (Table 6). The maxitnurtl drawdown at the 
end of the 12-day pumping period across dJ pathways was 032 metem. Although, none 
of the &itions produced more than one meter of drawdown, at Imt 150 realizations 
dong each pathway showed same effect from the pumping. Evidence for showing sorne 
cf%c t fmm pumping is indicated here as having at least I mm of drawdown. The 
cumulative distributions of drawdown greater than 1 mm are shown for each pathway in 
Figure 5 a d  the data sununarizing these rr?salts for each pathway are shown in Table 6. 



Figure 9, Cumulative distributions of drawdown after 12 days of pumping for dl 6 
piezometcm , These results are for the radial flaw conceptual model. 

Tabk 6. Summary of malts for the radial flow conmptuat model, 

Piemmeter Number N u m k  
Pumped Hrith>Lmm Pumped with> 1m hn~Clt;d 

Drawdown with> Imm Drawdown witb > lm 
Drawdowa -- Dr&w&m 

MP-I 395 245 0.62 0 0.00 
MP-2 395 219 035 -1 - 0.00 
MP-3 395 199 050 0.N 
MI'-4 395 178 0,45 
MP-5 395 161 0.41 

- MP-6 395 153 039 S-00 



The same distributions of K, S, and L, used in the calculation of drawdown with fully 
radial flow are used with a variable flow dilnension between 1.0 and 2,0 to recalculate 
drawdown. As done in the radial flow case, 500 realizations are processed far eat h 
pathway. The cumulative distributions of dmdown after twelve clays of pumping are 
shown in Figurr: 6. A summary of the results is provided in Table 7. 

For the m e  of a variable flow dimension, a number of m h t i o n s  in each pathway result 
in moms than I mtsr of drawdown within the 12 day pumping period. These results are 
con- to the results of the radid flow case where none of the 3000 realizations 
produd more than 1 meter of drawdown, The curnularive dsmiutiom of time 
necessary to achieve I rreeter of drawdown are given in F i p  7& The total numbs of 
mlizatiom that could b~ pumped, the number of d h t i o n s  resulting in any drawdam 
and the number of d h t i o n a  muIting in more than I trwer of drawdown olre given in 
Table 7 for each piemmeter. It is noted that m n  though sam of the mod& showed 
w e d  he pumping well tp go dry, it was possible to obtain more than one meter of 
drawdown in the piemmw~ with these models prior to pumping the pumping well dty, 
Table 7. Summay of results for the variable flow-dimension conceptual model. 

Rezomem 

- 
MP-1 - 1SQ 293 0.59 140 . 0.78 ' MP-2 1x0 274 - -  0.53 1 26 j 0.70 [ 

MP-3 180 . .-\25! 
- -  

/;;I- -10-62 
MP-4 18 - 23! - ' 0.55 
MP-5 r so , 217 0.41 80 04 
MP-6 f 80 1 202 0.40 83 . 0.46 

Number 
Pumped 

Number of 
vectan with 
z lm 
Drawdown 

Fraction of 
all500 
mtm with 
>lmm 
Drawdown 

Number 
Pumped 
with > tm 
Drawdown 

Fraction of 
Pun~ped 
with > Lm 
Drawdown 



Drawdown (mtmm) 
Figare 6. Cumladve distributions of drawdown after 12 days af pumping for all 6 
piemmeten in W - 2 .  These real  ts are for rhe v h b I e  f lowdhnsion conceptual 
model- 

Figure 7. Cumulative distributions of the time necessary to achieve one meter of 
drawdown at the 6 piemmeter lwions  in MW-2, These xsulrs ate for the variable 
flow-dimension m n q m a l  model. The gay  lines indicate the boundah Wm the 
different steps in the purnping rate ( h - d a y  intervals), 



Tbm ate several notable differeaces ktween the results obtained with tbe flow 
dimension set to 2.0 and the case of the variable flow dimension. More of the input 
vecmrs can sustain the pscribed stepped pumping rate when the flow dimension is 2.0 
than when the flow dimension is smaller. A lotd of 395 vecton were able to be pumped 
for 12 days without producing more than 777 rimers of drawdown in MILT-3 for the m e  
of the flow dimension equal ro 2.0, Onty 180 realizations could be pumped with less than 
777 meten of drawdown in MlU-3 for the case of the variable flow dimension. A 
reduction ia flow dimension can be rhaught of as a duction in the cross-sectional area 
of flow tgwards the well. This reduction in flow area lowers the mount of d i schw that 
cm reach the pumping well ~ lat ive  to the radial flow case. 

The targmms-sectionid flow area in the d a l  flow conceptual &el limits the 
number of r e a t i o n s  that can @uce I meter of drawdown within 12 days of pumping, 
In contrast, a total of 639 redimtions (out of 3000) produce more than 1 meter of 
drawdown within 12 days of pumping when the flow dimension is less than 20 {compare 
the second coiumn from the right-hand-side in Tabks 6 and 7). 

The sensitivity of the calcuIated drawdown to each of the unsertain input parametes is 
examined by graphing dmwdmnt in the MTU-2 piemmeters as a function of each input 
parameter figures 8, and 9). These figurn combine together drawdawn for all  six MW- 
2 piexometers. Keep in mind that for each piezometer location, it. is only the path length 
hat is di ffmnf from the other piezometers (h sarm set of 500 K and Sj vdua were 
used across all six piezomter locations). 

Egures 8 and 9 indicate several interesting features of the behavior of the fractured rock 
system as modeled bem. Tbe upper image in Figure 8 d the upper left image in Figure 
9 show that as the log10 K value decreases below appmximately -7, the corresponding 
vaIue of drawdown in M W-2 drxleases rapidly, The minimum value of hglO K that 
produces a drawdown in MW-2 is approximakly -8.4, even though the distribution used 
in the modeling has values as low as - 1  1.0. 

The M XU-2 drawdown results are essentially independent of the specific storage vdues 
(see middle graph on Figure 8 and upper right graph in figure 9). For both cmceptaal 
models, that  is no cornlation btween the spif ic  storage value and the resulting 
drawdown valne. 

hvvdown in MKT-2 is fnversIy proportional to the fracture path length for the radial 
€low conceptual model, flower imap of Figure 81, as would be e x p a  However this 
relationship is h o s t  nonexistent for the variable flow-dirnensicm conceptual mdel  
P i p  9, lower left image) due the i n m a d  scatter caused by the variability in flow 
dimenion, 

In the case of the variable flow-dimension model, the drawdam in W - 2  is most 
sensitive to the value or the flow dimension (lowet right image, Figure 9). Thmc results 



appear to indicate that, far the p m m k m  uaed in this modelim exercise, t b m  LS sm 
upper bound on the amount of drawdown that m be achieved as a function of the mw 
dimension. At a flow dimension of 2.0 (the radial model) the mxhm amount of 
drawdown is slightly lea than 1 meter. This is the sme result obtained for the radial 
conqtud model cdeuladons in which the largest mount of drawdown across all 
teahations was 0.6 meters- The upper limit of drawdown i n m e s  b over 1000 meters 
for a flow dimension near 1 -0. 
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Figure 9. lhwduwn after12 -m of purn] g IU a fanctioa of each of tbt four input 
~ e ~ .  These mlts me for the va t iav~~  ff owdimmion conceptual m&l. 

During pmtmhfiun of these resul~  at tbtble TGC in We Jmuary, there w a  mnsiddb 
discussion of the effects of the Tsukyoshi Fadt on the of the intakmce tests, 
The Tsukywhi Fault was not modeled explicitly within these @ctions of the 
interference tests. The cmeptaal model of the Tsukyoshi Fault ta rhar of 10-meter thick, 
low pesmertblljty fault core s m n d e d  by a h&My fractured W g e  zane extending out 
for approxhmdy 35 meters on uach side of the fault m%. The esrimad hydraulic 
conductivity of the fault core is 1x10" (mls) a d  the a h a t 4  h y m c  cwdoctivity of 
the Wage zone is l x 1 0 ~ t o  1 x l P  (e). 

The semitivi~ plots of hydrraulic conductivity versus drawdown in F w s  8 and 9 can 
help atlower the qudm of how the Tmkyoshi Fault will & i t  the inthretlce tests. If 
the packem me m g e d  such &at the inredemme test is ccnducted-acroes the Tsukyashi 
Fault ( u p  piuomtes in A g u ~  I), thm the awmg hyBraufic oonductivity of the 
pathway will be elm to the fault core value of lx lO (rals). From the upper image in 
figure 8 and the upper left huge ia Figure 9, there is a zero probability of obseruing I 
meter of drawdown in h e  M I D 3  piemrnete~ for a pathway with rn amage hydraulic 
conductivity near 1 .Ox1 0" (d). However, if rhe intcrfem test it wnducted thmugh 
the d a a q e  m a  below the fault core (lower in figure I), then the average 
hyhulic ~ o h c t i ~ i t y  UP ulc will be in rhe 1 x 10d7 to 1 .oxlodb (WS) ~MBC. 



Examination sf the upper huge of figure 8 and upper left image of F i p  9 indicates a 
high probability of m m  than 1 meter of drawdown for a hydraulic conductivity in this 
high mge associated with the damage zone of the fault. 

Fredictive modering of drawdown for the interference tests being conducted between 
MIU-3 and W - 2  indicates that calculated drawdown values are highly dependent on the 
flow dimension of the hare system* If the h t w e  system produces water undw radial 
flaw conditions, thei intwfertnce-tes ting p r o w  has a zero pmbability of success (see 
right-hand w 1 w  of Table 61, However, we €4 that t~:psenting the fracture system at 
the MIU site as an aquifer with a flow dimension less than 20 is rt m m  xealistic 
appmach. Under these caditiom, the probability for the success of the intderence- 
testing progam is considerably higher. However, it is noted that the probability of a 
hydraulic connection between MIU-3 and MW-2 wouId be less in a sysm with near 
linear flow (flow dimension near 1.0) dative to a radial flow system [dimension near 
2,0), 

Fbr the variable flow dimension case, the pbability of exceeding I mew of drawdawn 
within the 12 day pumping period for dl 6 piezometers is given in the right hand column 
of Table 7, These probabilities mge from 0.44 for the MP-5 piezometer to 0.78 for rhc 
MP-1 piemmbr, These mm1B a h w  a inverse mlationship wifh the minimum &stance$ 
between the pumping inrerval and the piezomtsr Iocatiolz. 

In practical terms, these -u!ts indica~ a Iarp probability of seeing mre than l meter a€ 
drawdown within 12 day8 along my pathway that is in the damage zone of the Tsukyoshi 
fault, For parhways that cmss through the core of the Tsukyoshi fault, fb pbab'iig of 
d n g  mare than 1 meter of drawdown in the piemmeters is near zem. The probability 
of sucwss far observing mor~ thaa 1 meter of drawdawn in all piemmetea wilt increase 
if the pumping time mdlor rate can be incnased. However, there is a strong possibility 
that ttte chwdown. in the MIU-3 borehie will w h  the pumping interval if the pumping 
rate War pumping time are incmed. 
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