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The Boorum & Pease® Quality Guarantee

The materials and craftsmanship that went into this product are of the finest quality. The pages
are thread sewn, meaning they’re bound to stay bound. The inks are moisture resistant and will
not smear. And the uniform quality of the paper assures consistent rulings, excellent writing
surface and erasability. If, at any time during normal use, this product does not perform to your
expectations, we will replace it free of charge. Simply write to us:

Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn: Marketing Services
Any correspondence should include the code number printed at the bottom of this page as well as
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‘ : # dbdd mmmmm-moe- R L FHtttttbt —ommmmmm- b+
‘ E *mm e 1 043 549194.66 4077321.69  688.00  442.00 90.00 0.00
; # T T o N & ke o e TP bttty mmmmmmeae B r b U o ST
1 549194.66 4077321.69 665.00 23.00 0.5000 -0.3010 11.50 1.0607
Fa 4 2 549194.66 4077321.69 626.00 39.00
N { 3 549194.66 4077321.69 610.00 16.00 1.1600 0.0645 18.60 1.2695
: 4 549194.66 4077321.69 606.00 4.00
! 5 549194.66 4077321.69 580.00 26.00 0.2650 -0.5768 6.90 0.8388
[} 6 549194.66 4077321.69 569.00 11.00
'6‘ Ev4 7 549194.66 4077321.69 542.00 27.00 0.0407 -1.3904 1.10 0.0414
(LY -y 8 549194.66 4077321.69 516.00 26.00 2.1500 0.3324 55.90 1.7474
& 9 549194.66 4077321.69 470.00 46.00
,\‘ ~ 10 549194 .66 4077321.69 464,00 6.00 1.3700 0.1367 8.20 0.9138
w 11 549194.66 4077321.69 444 .00 20.00 0.5200 -0.2840 10.40 1.0170
, ;§ ) 12 549194.66 4077321.69 429.00 15.00 :
i ‘g \& 13 549194.66 4077321.69 415.00 14 .00 0.4070 -0.3904 5.70 0.7559
s " 14 549194.66 4077321.69 397.00 18.00 0.1890 -0.7235 3.40 0.5315
S T 15 549194.66 4077321.69 386.00 11.00
16 549194.66 4077321.69 373.00 13.00 1.4300 0.1553 18.60 1.2695
= 17 549194.66 4077321.69 368.00 5.00 0.2400 -0.6198 1.20 0.0792
18, 549194 .66 4077321.69 357.00 11.00 0.2090 -0.6799 2.30 0.3617
19 549194.66 4077321.69 344.00 13.00 1.5200 0.1818 19.80 1.2967
20 549194.66 4077321.69 338.00 6.00
y 21 549194.66 4077321.69 327.00 11.00 1.0500 0.0212 11.60 1.0645
(m - | 22 549194.66 4077321.69 321.00 6.00 0.2000 -0.6989 1.20 0.0792
) 23 549194 .66 4077321.69 292.00 29.00 :
24 549194 .66 4077321.69 246.00 46.00 0.0304 -1.5171 1.40 0.1461
: *e--- 2 013 554004.09 4073549.59 728.00 283.00 90.00 0.00
1 554004.09 4073549.59 561.00 167.00 5.0700 0.7050 845.00 2.9269 .
R 2 554004.09 4073549.59 506.00 55.00
3 554004.09 4073549.59 445.00 61.00 0.0061 -2.2168 0.37 -0.4318
. *---- 3 041 551508.39 4075662.34 614.00 289.00 90.00 0.00
| 1 551508.39 4075662.34 564.00 50.00 0.0020 -2.6990 0.10 -1.0000
! 2 551508.39 4075662.34 514.00 50.00 0.0560 -1.2518 2.80 0.4472
5 3 551508.39 4075662.34 474 .00 40.00
4 551508.39 4075662.34 424.00 50.00 0.0220 -1.6576 1.10 0.4139
g_ 5 551508.39 4075662.34 374.00 50.00 0.0040 -2.3979 0.20 -0.6989
. : 6 551508.39 4075662.34 325.00 49.00 0.0220 -1.6576 1.10 0.4139
E ' *---- 4 04la 551508.39 4075662.34 350.00 70.00 90.00 0.00
% 3 1 551508.39 4075662.34 280.00 70.00 0.0086 -2.0670 0.60 -0.2218
‘;’;’5 St : *enn- 5 047 548937.63 4078589.64  655.00  177.00 90.00 0.00
] g . 1 548937.63 4078589.64 615.00 40.00 0.0290 -1.5376 1.16 0.0645
735 3 - 2 548937.63 4078589.64 572.00 43.00
adl ™ ? 3 548937.63 4078589.64 548.00 24 .00 0.0045 -2.3507 0.11 -0.9586
ﬂ. ! 4 548937 .63 4078589.64 523.00 25.00
535 | " 4} ‘ 5 548937.63 4078589.64 478.00 45.00 0.0256 -1.5918 1.15 0.0607
a5 d‘; o e L 6 051 548721.42 4079943,97 730.00 125.00 . 90.00 0.00
S = 1 548721.42 4079943.97 614.00 116.00 1.3500 0.1303 157.00 2.1959
335 [t q:, 2 548721.42 4079943.97 605.00 9.00 0.0120 -1.9208 0.11 -0.9586
‘0’ *o—-- 7 042 547536.65 4075761.54 572.00 61.00 90.00 0.00
33 1 547536.65 4075761.54 511.00 61.00 0.0005 -3.3080 0.03 -1.5229
LR 8 044 543148.60 4077805.21 721.00 172.00 90.00 0.00
! 1 543148.60 4077805.21 695.00 26.00 0.0115 -1.9393 0.30 -0.5229
; 2 543148.60 4077805.21 653.00 42.00
E 3 543148.60 4077805.21 619.00 34.00 0.0003 -3.5317 0.02 -1.6990
] 4 543148.60 4077805.21 616.00 3.00 ’
‘ 5 543148.6_0 4077805.21 549.00 67.00 0.1630 -0.7878 0.20 -0.6990
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f_type=Decimal , f_length=8 , f_digits=2 , unit="deg"
header_field=7 , type=numeric , name="azimuth" fEff=" "
f_type=Decimal , f_length=8 , f_digits=2 , unit="deg"

;, bitlength=32 ;

R N SR R R SRR SR U R R I I T T I I T T T

structure=line , x_unit=m , y_unit=m , z_unit=m

header_field=1 , type=alpha , name="drillhole ID"

header_field=2 , type=xb , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"

header_field=3 , type=yb , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"

header_field=4 , type=zb , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"

header_field=5 , type=numeric , name="depth" , ffff=" " , bitlength=32 ;
f_type=Decimal , f_length=8 , f_digits=2 , unit="m"

header_field=6 , type=numeric , name="inclination" , f£fff=" " , bitlength=32 ;

field=1 , type=xe , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"
field=2 , type=ye , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"
field=3 , type=ze , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"
field=4 , type=numeric , name="Sample length" , ffff=" " , bitlength=32 ;
f_type=Decimal , f_length=6 , f_digits=2 , unit="m"
field=5 , type=numeric , name="K" ffff=" ", bitlength=32 ;
f_type=Decimal , f_length=6 , f_digits=4 , unit="g"
field=6 , type=numeric , name="Log K" , ffff=" " , bitlength=32 ;
f_type=Decimal , f_length=6 , f_digits=4 , unit="g%"
field=7 , type=numeric , name="T" fEEE=" ", bitlength=32 ;
f_type=Decimal , f_length=6 , f_digits=2 , unit="%"
field=8 , type=numeric , name="Log T" , ffff=" " , bitlength=32 ;
: f_type=Decimal , f_length=6 , f_digits=4 , unit="%"
field=9 , type=alpha , name="Lithological code ALPHA" , ffff=" "
field=10, type=numeric , name="Lithological code INTEGER" , ffff=" " , bitlength= 8 ;
f_type=Integer , f_length='4 , unit=" "
F4t+ rmmmmmmams bbbttt oo oo oo FHttttbtt meee - +++++H+t
---- 1 043 549194.66 4077321.69 688.00 442.00 90.00 0.00 :
Ftt bt o me e Ftttdd ottt - - - +ttd ettt - --- - oo N R i LR
1 549194.66 4077321.69 665.00 23.00 0.5000 -0.3010 11.50 1.0607 1
2: 549194.66 4077321.69 626.00 39.00 2
3 549194.66 4077321.69 610.00 16.00 1.1600 0.0645 18.60 1.2695 1
4 549194.66 4077321.69 606.00 4.00 2
5 549194.66 4077321.69 580.00 26.00 0.2650 -0.5768 6.90 0.8388 1
6 549194.66 4077321.69 569.00 11.00 2
7: 549194.66 4077321.69 542.00 27.00 0.0407 ~1.3904 1.10 0.0414 1
8 549194.66 4077321.69 516.00 26.00 2.1500 0.3324 55.90 1.7474 1
9 549194.66 4077321.69 470.00 46.00 2
10 549194.66 4077321.69 464.00 6.00 1.3700 0.1367 8.20 0.9138 1
11:¢549194.66 4077321.69 444.00 20.00 0.5200 -0.2840 10.40 1.0170 1
12 549194.66 4077321.69 429.00 15.00 2
13 549194.66 4077321.69 415.00 14.00 0.4070 -0.3904 5.70 0.7559 1
14 549194.66 4077321.69 397.00 18.00 0.1890 -0.7235 3.40 0.5315 1
15 549194.66 4077321.69 386.00 11.00 2
16 549194.66 4077321.69 373.00 13.00 1.4300 0.1553 18.60 1.2695 1
17 549194.66 4077321.69 368.00 5.00 0.2400 -0.6198 1.20 0.0792 1
18 549194.66 4077321.69 357.00 11.00 0.2090 -0.6799 2.30 0.3617 1
19 549194.66 4077321.69 344.00 13.00 1.5200 0.1818 19.80 1.2967 1
20 549194.66 4077321.69 338.00 6.00 2
21 549194.66 4077321.69 327.00 11.00 1.0500 0.0212 11.60 1.0645 1
22 549194.66 4077321.69 321.00 6.00 0.2000 -0.6989 1.20 0.0792 1
23.549194.66 4077321.69 292.00 29.00 2
24 549194 .66 4077321.69 246.00 46 .00 0.0304 -1.5171 1.40 0.1461 1
*o--- 2 013 554004.09 4073549.59 728.00 283.00 90.00 0.00
1 554004.09 4073549.59 561.00 167.00 5.0700 0.7050 845.00 2.9269 1
2 554004.09 4073549.59 506.00" 55.00 2
3 '554004.09 4073549.59 445.00" 61.00 0.0061 ~2.2168 0.37 -0.4318 1
*---- 3 041 551508.39 4075662.34 614.00 289.00 90.00 0.00
1 551508.39 4075662.34 564.00 50.00 0.0020 -2.6990 0.10 ~1.0000 1
2 551508.39 4075662.34 514.00 50.00 0.0560 -1.2518 2.80 0.4472 1
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- LAtke SUe PP o K Anaysis DA

'

structure=line ,

header_field=1
header_field=2
header_field=3
header_field=4
header_field=5

7
7
’
’

x_unit=m , y_unit=m , z_unit=m 5
A anit

type=alpha , name="drillhole ID"

type=xb , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"
type=yb , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"
type=zb , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"
type=numeric , name="depth" , ffff=" ", bitlength=32 ;

£ type =Decimal , f_length=8 , f_digits=2 , unit="m"

# header_field=6 , type=numeric , name="inclination" , Ffff=" ", bitlength=32 ;
# f_type=Decimal , f_length=8 , f_digits=2 , unit="deg"
# header_field=7 , type=numeric , name="azimuth" , ffff=" ", bitlength=32 ;
# f_type=Decimal , f_length=8 , f_digits=2 , unit="deg"
#
# field=1 , type=xe , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"
# field=2 , type=ye , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"
# field=3 , type=ze , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"
# i
# field=4 , type=numeric , name="Sample length" , ffff=" " , bitlength=32 ;
# f_type=Decimal , f_length=6 , f_digits=2 , unit="m"
# field=5 , type=numeric , name="K" fEEE=" " , bitlength=32 ;
# f_type=Decimal , f_length=6 , f_digits=4 , unit="%"
# field=6 , type=numeric , name="Log K" fE£f=" " , bitlength=32 ;
# f_type=Decimal , f_length=6 , f_digits=4 , unit="%"
# field=7 , type=numeric , name="T" ff£f=" " , bitlength=32 ; '
# f_type=Decimal , f_length=6 , f_digits=2 , unit="%"
# field=8 , type=numeric , name="Log T" ', ffff=" " , bitlength=32 ;
# f_type=Decimal , f_length=6 , f _digits=4 , unit="g%"
# field=9 , type=alpha , name="Lithological code ALPHA" , ffff=" "
# field=10, type=numeric , name="Lithological code INTEGER" , ffff=" " , bitlength= 8 ;
# f_type=Integer , f_length= 4 , unit=" "
#
# Fttt mmmmmmmeao L ks et +++
*---- 1 043 549194.66 4077321.69 688.00 442.00 90.00 0.00
# N e R e e B i e
1 549194.66 4077321.69 665.00 23.00 0.5000 -0.3010 11.50 1.0607 1
2 549194 .66 4077321.69 626.00 39.00 2
3 549194.66 4077321.69 610.00 16.00 1.1600 0.0645 18.60 1.2695 1
4 549194 .66 4077321.69 606.00 4.00 2
5 549194.66 4077321.69 580.00 26.00 0.2650 -0.5768 6.90 0.8388 1
6 549194.66 4077321.69 569.00 11.00 2
7 549194.66 4077321.69 542.00 27.00 0.0407 -1.3904 1.10 0.0414 1
8 549194.66 4077321.69 516.00 26.00 2.1500 0.3324 55.90 1.7474 1
9 549194.66 4077321.69 470.00 46.00 2
10 549194.66 4077321.69 464.00 6.00 1.3700 0.1367 8.20 0.9138 1
11 549194.66 4077321.69 444.00 20.00 0.5200 -0.2840 10.40 1.0170 1
12 549194 .66 4077321.69 429.00 15.00 2
13 549194.66 4077321.69 415.00 14.00 0.4070 -0.3904 5.70 0.7559 1
14 549194.66 4077321.69 397.00 18.00 0.1890 -0.7235 3.40 0.5315 1
15 549194.66 4077321.69 386.00 11.00 2
16 549194.66 4077321.69 373.00 13.00 1.4300 0.1553 18.60 1.2695 1
17 549194.66 4077321.69 368.00 5.00 0.2400 -0.6198 1.20 0.0792 1
18 549194.66 4077321.69 357.00 11.00 0.2090 -0.6799 2.30 0.3617 1
19 549194 .66 4077321.69 344.00 13.00 1.5200 0.1818 19.80 1.2967 1
20 549194.66 4077321.69 338.00 6.00 ‘ 2
21 549194.66 4077321.69 327.00 11.00 1.0500 0.0212 11.60 1.0645 1
22 549194.66 4077321.69 321.00 6.00 0.2000 -0.6989 1.20 0.0792 1
23 549194 .66 4077321.69 292.00 29.00 : 2
24 549194.66 4077321.69 246.00 46.00 0.0304 -1.5171 1.40 0.1461 1
oo 2 J13 554004.09 4073549.59 728.00 167.00 90.00 0.00
1 554004.09 4073549.59 561.00 167.00 5.0700 0.7050 845.00 2.9269 1
F-m - 3 035 539985.54 4071717.22 774.00 581.00 90.00 0.00
1 539985.54 4071717.22 193.00 581.00 1.7200 0.2355 1000.00 3.0000 1
LR 4 047 548937.63 4078589.64 729.00 374.00 90.00 0.00
1 548937.63 4078589.64 355,00 374.00 1.6600 0.2201 622.00 2.7938 1
Heom - 5 051 548721.42 4079943.97 730.00 125.00 90.00 0.00
1 548721.42 4079943.97 614.00 116.00 1.3500 0.1303 157.00 2.1959 1
*o--- 6 049 547675.52 4078839.98 775.00 515.00 90.00 0.00
1 547675.52 4078839.98 260.00 515.00 0.0700 -1.1549 36.00 1.5563 1
- 7 J11 563798.81 4071072.83 733.54 79.57 90.00 0.00
1 563798.81 4071072.83 653.97 79.57 4.3700 0.6405 348.00 2.5416 1
ko 8 .J12 554435.17 4068767.00 728.36 44 .51 90.00 0.00
1 554435.17 4068767.00  ~ 683.85 44 .51 27.9000 1.4456 1240.00 3.0934 1
koo 9 044 543148.60 4077805.21 549.00 467.00 90.00 0.00
1 543148.60 4077805.21 82.00 467.00 0.1630 -0.7878 76.00 1.8808 1

bttt

FNRERNRRPRERNRPRREBORRERNORBRNRB R

=

5
12278 4
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QUICK STATISTICS:

++++++++ Directory:
+++++t++++++4++ File:
++++++++ Selection:

A pﬁ’r’ - 8fis]o)

4T

oo alos pofpesd (Telle 70)

“10ble b

study?2

aquifer prop

None KM 'DR?A

+++++++++ Variable: Log K
stakahco 1
Total Number of Samples: 41

QUICK STATISTICS:

Statistics:

++++++++ Directory: study2
+++++++++++++ File: reqgularized data (40m)

++++++++ Selection: None
+++++++++ Variable: Log K

VARIABLE | Samples # | Minimum | Maximum | Mean Total Number of Samples: 79

Log K | 24| ~1.5171| 1.4456]| ~0.20231666
! Statistics: - sl b 2
L
_________________________________________________________________ VARIABLE | Samples # | Minimum | Maximum | Mean |
| 8td. Dev. | Variance | Skewness | Kurtosis I T e ittt Sttt el bbbk
_________________________________________________________________ Log K | 671 [ -1.5171} 1.4456] -0.25851727|__
I 0.67793861| 0.45960076 0.10964794| 2.9466008] 1 ] mmemmssssesssssesooooooosooooo-ooonee e ittt

Std. Dev | variance | Skewness | Kurtosis |
0.67216838| 0.45181033] -0.018764153] 1.9420004} 7

QUICK STATISTICS:

++++++++ Directory: study2 -
+++++++++++++ File: regularized data(ZEEZ:)

++++++++ Selection: None

+++++++++ Variable: Log K

Total Number of Samples: 565

Tobe 7¢ (jom ft‘t’lu(mmé!irn)

RetruLatized DAt

QUICK STATISTICS:

St (2.47- 8)iajst) B

:

Statistics: ++++++++ Directory: study2
3\&1&0\’!&\1 +++++++++++++ File: regularized data (100m)
________________________________________________________________________________ ++++++++ Selection: None
VARIABLE | Samples # | Minimum | Maximum | Mean | +++++++++ Variable: Log K
Log K | 525] -1.5171| 1.4456] -0.24587059| Total Number of Samples: 36
Sl 2 I
Statistics:
| Std. Dev. | Variance | Skewness | Kurtosis N I e e e e e R Ly
----------------------------------------------------------------- VARIABLE | Samples # | Minimum | Maximum | Mean O
0.69434667| 0.4821173] -0.072935799| 1.9026158]  © e e e e e e e seooe------
---------- Lt T T TSP e Log K | 28| -1.1549] 0.70499998] -0.24050978|
Sstd. Dev. | Variance | Skewness | Kurtosis
0.61852282| 0.38257048] -0.18303539] 1.6255539]
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TIMBLES _leuJ'(iahL

e #
# structure=line , x_unit=m , y_unit=m , z_unit=m
—
# header_field=1 , type=alpha , name="drillhole ID"
... # header_field=2 , type=xb , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"
# header_field=3 , type=yb , f_type=Decimal , f_length=8 , f_digits=2 , unit="m
__# header_field=4 type=zb , f_type-Decimal , f_length=8 , f_digits=2 , unit="m"
" # header_field=5 , type=numeric , name="depth" , ffff=" ", bitlength=32 ;
# f_type=Decimal , f_length=8 , f_digits=2 , unit="m"
" # header_field=6 , type=numeric , name="inclination" , ffff=" " , bitlength=32 ;
# f_type=Decimal , f_length=8 , f_digits=2 , unit="deg"
™ # header_field=7 , type=numeric , name="azimuth" , ffff=" " , bitlength=32 ;
# f_type=Decimal , f_length=8 , f_digits=2 , unit="deg"
o
# field=1 , type=xe , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"
- # field=2 , type=ye , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"
# field=3 , type=ze , f_type=Decimal , f_length=8 , f_digits=2 , unit="m"
pund
# field=4 , type=numeric , name="Sample length" , ffff=" " , bitlength=32 ;
- f_type=Decimal , f_length=6 , f_digits=2 , unit="m
# field=5 , type=numeric , name="K" , f£fff=" " , bitlength=32 ;
— f_type=Decimal , f_length=6 , f_digits=4 , unit="g"
# field=6 , type=numeric , name="Log K" , ffff=" " , bitlength=32 ;
# f_type=Decimal , f_length=6 , f_digits=4 , unit="g"
# field=7 , type=numeric , name="T" , ffff=" " , bitlength=32 ;
& f_type=Decimal , f_length=6 , f_digits=4 , unit="g%"
# field=8 , type=numeric , name="Log T" , ffff=" " , bitlength=32 ;
| # f_type=Decimal , f_length=6 , f_digits=4 , unit="%"
# field=9 , type=alpha , name="Lithological code ALPHA" , ffff=" w
# field=10, type=numeric , name="Lithological code INTEGER" , ffff=" " , bitlength= 8
[ # f_type=Integer , f_length= 4 , unit=" "
# .
# Fohdt mme--ooo - - Ftttt bbbt e meae B e ++++HHtt
Hemme 1 J13 554004.09 4073549.59 540.00 332.00 90.00 0.00
# B il R I b B R ttttttt bt bt c - -
1 554004.09 4073549.59 509.00 31.00¢ 0.1450 -0.8386 4.5000 0.6532
’ 2 554004.09 4073549.59 449.00?;\“ 60.00 0.0128 -1.8927 0.7800 -0.1079
3 554004.09 4073549.59 426.00 23.00¢
4 554004.09 4073549.59 365.00 61.00p 0.0090 ~2.0458 0.0880 -1.0555
5 554004.09 4073549.59 342.00 23.00¢ )
6 554004.09 4073549.59 312.00 30.00¢ 0.0160 -1.9758 0.4800 ~-0.3188
7 554004.09 4073549.59 292.00 20.00¢
8 554004.09 4073549.59 261.00 31.00¢ 0.0032 -2.4949 0.1000 -1.0000
9 554004.09 4073549.59 238.00 23.00¢
10 554004.09 4073549.59 208.00 30.00¢ 0.0057 -2.2441 0.1700 -0.7696
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2 042 547536.65 4075761.
547536.65 4075761.54 683.
547536.65 4075761.54 674 .
547536.65 4075761.54 660.
547536.65 4075761.54 651.
547536.65 4075761.54 644 .
547536.65 4075761.54 643.
547536 .65 4075761.54 642.
547536.65 4075761.54 636.
547536.65 4075761.54 625.
547536.65 4075761.54 611.

' 547536.65 4075761.54 594.
547536.65 4075761.54 572.
547536 .65 4075761.54 511.
547536.65 4075761.54 499.
547536.65 4075761.54 489.
547536.65 4075761.54 474,
547536.65 4075761.54 423.
547536.65 4075761.54 400.
547536 .65 4075761.54 377.
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QUICK STATISTICS:

++++++++ Directory: tuff_study
+++++++++++++ Pile: tuff_study lines

++++++++ Selection: None

L]

+++++++++ Variable: Log K KIbJ'DAGA
Total Number of Samples: 79
Statistics:
VARIABLE | Samples # | Minimum | Maximum | Mean ————]
Log K | 59| -3.5229001| 0.59439999] ~1.965261|
| Std. Dev | Variance | Skewness | Kurtosis |
| 0.85090176] 0.7240338| 0.67185357] 3.5320321]
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‘ i | Std. Dev. | variance | Skewness | Kurtosis
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[ — T A program isatis_extract
Pz |******i'****************************************************************
! OHU‘V qu HD'DCLS ! Program extracts a subset of the output of an ISATIS simulation hd
} 0 ! for use in BIGFLOW. The use must provide the rows and columns *
| 9 ! are to be extracted. *
N ! Author: David A. Farrell, CNWRA, SWRI *
i E‘OC/\SS ON ( \'\% |2 eﬁ\_\mgf\ﬁ (CQND t?bm \ ! Creation Date: 1/13/99 *
7 = ! Last modified: 3/19/99 by David A. Farrell, CNWRA, SWRI, to *
Seer (~THe YUHIJ“'( e SELE ArD T ! accomodate MULTIFLO output. *
¢ t |***********************************************************************
NON - CONDIANAL S (MULAISNSY  ""Clymmy,
real (kind=8), dimension(251,251,20) :: logk
real (kind=8) :: dx, dy, dz, theta, phi, psi, x0, y0, z0, coor_x, &
coor_y, coor_z, sum, avg_logk
7 Sd ﬁ Tuk '\8w '/‘2/?? integer :: nx_start, nx_end, ny start, ny_end, nz_start, nz_end, &
nx, ny, nz, n_elem, i, j, k, icount, isum, model
/ - Gm 90 G:ﬂ:’ Q I 3 ! E / . A character (len=30) :: infile, outfile
/ !***********************************************************************
—d G‘WW__A doaue & cvn over
! write(*,*) 'Enter the name of the input file'
yngut g read(*, fmt="(a30)") infile
\ v write(*,*) 'Enter the name of the output file'
\ E read (*, fmt="(a30)") outfile |
N — EOuNREE
~— 10 write(*,*) 'Two output file formats are supported'’
\ d . write(*,*) '1 . BEIGFLO' {
Con -'Ommwl [OUTWT) write(*,*) '2 . MULTIFLO'

write(*,*) 'Enter choice of format'

read(*,*) model




100

3//9/?7

D4

if (model > 2) then
write(*,*) 'Incorrect model choice'
go to 10

endif

write(*,*) 'Enter start & end dimensions for the reduced grids'
write(*,*) 'nx_start, nx_end'

read(*,*) nx_start, nx_end ! start & end dimension in X
write(*,*) 'ny start, ny end’
read(*,*) ny_start, ny_end ! start & end dimension in Y
write(*,*) 'nz_start, nz_end'
read(*,*) nz_start, nz end ! start & end dimension in Z

open(unit=1, file=infile, status='unknown')

rewind 1
read(l,*) x0, y0, z0 mesh origin

1
read(l,*) dx, dy, dz . ! mesh increments
read(l,*) nx, ny, nz ! discretization
read(l,*) theta, phi, psi ! rotation angles
! Reading the hydraulic conductivity file
do i=1,nx
do j=1,ny
do k=1,nz
read(l,*) n_elem, coor_x, coor_y, coor_z, logk(i,j, k)
if (logk(i,3j,k) == 999) then ~
logk(i,j,k)=5
end if
end do
end do
end do
close{unit=1)

write(*,*) 'finished reading data file'

! Writing to the output file ... file formatted for BIGFLOW
icount=0
sum=0.0D0
isum=0

! Comments file store "bad" data within the specified region where
! the "bad" values have been previously assigned a value of 5
open(unit=3, file='comments.out', status='unknown')
rewind 1
do i=nx start,nx_end
do j=ny start,ny_end
do k=nz_start,nz_end
sum=sum+logk (i, j, k)
isum=isum+l
if (logk(i,3j,k) == 5) then
icount=icount+1l
write(3,*) icount, i, Jj, k
end if
end do
end do
end do
avg_logk=sum/isum

3/t g1

close (unit=3)

! Writing output to BIGFLO

if (model == 1) then
open{unit=2, file=outfile, status='unknown')
rewind 2 '
write(2,*) 'geometric average = ', avg_logk
! Inner loop executes first
write (2, fmt="(5(1x,E14.7))}") ((((10.0D0**logk(i,j,k)), &
i=nx_start,nx_end), j=ny_start,ny end), &

k=nz_start,nz_end)

close (unit=2)
endif

! Writing output to a MULTIFLO format

if (model == 2) then
open{unit=3, file=outfile, status='unknown')
rewind 3
write(3,*) 'geometric average = ',avg logk

do k=nz_start,nz_end

do j=ny start,ny end
write (3, fmt="(5(1x,E14.7))") ((10.0DO**logk(i,j,k)), &

i=nx_start,nx_end)
. end do

end do
close (unit=3)

endif

stop
end
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program isatis_extract
Khkhkh Ak h Ak kkhk kA AR AR A A A hrhrhhhhdkhh kA Ak hd bk bk hkddhkhbrrrrr
Program extracts a subset of the output of an ISATIS simulation *
for use in BIGFLOW. The use must provide the rows and columns *
are to be extracted. *
Author: David A. Farrell, CNWRA, SWRI *
Creation Date: 2/17/99 *
Last modified: 3/19/99 by David A. Farrell, CNWRA, SWRI, to *
*
*

accomodate MULTIFLO output.
hhkhkhhhkh kA A hhkkhAhhkhdrhhhhhhrhhkrdrdrrrhhhhrhhrhhrrdhhhkdhbhhhhhhdrhhdhd

real (kind=8), dimension(251,251,20) :: logk
real (kind=8) :: dx, dy, dz, theta, phi, psi, %0, y0, z0, coor_x, &
coor_y, coor_z, sum, avg_logk

integer :: nx_start, nx_end, ny_start, ny_end, nz_start, nz_end, &
nx, ny, nz, n_elem, i, j, k, icount, isum, model
character (len=30) :: infile, outfile

khkkhhkhkhkhkrhkhhhkhhkhkhkhhhhhkrkArhhhkhhdrhkhhkhbdhhhdhkrhrhhdhhhhhdhhrhrkhdrrrrhdd

write(*,*) ’'Enter the name of the input file’
read(*,fmt="(a30)") infile
write(*,*) ’'Enter the name of the output file’
read(*,fmt="(a30)") outfile

write(*,*) 'Two output file formats are supported’
write(*,*) ‘1 ... BIGFLO’

write(#*,*) '2 ... MULTIFLO’

write(*,*) ’'Enter choice of format’

read(*,*) model

if (model > 2) then
write(*,*) ’'Incorrect model choice’
go to--10

endif

write(*,*) ‘Enter start & end dimensions for the reduced grids’
write(*,*) 'nx_start, nx_end’

read(*,*) nx_start, nx_end ! start & end dimension in X
write(*,*) ’‘ny_start, ny_end’
read(*,*) ny_start, ny_end ! start & end dimension in Y
write(*,*) ‘nz_start, nz_end’
read(*,*) nz_start, nz_end ! start & end dimension in 2

open(unit=1, file=infile, status='unknown’)

rewind 1
read(1l,*) x0, y0, z0 mesh origin

!
read(l,*) dx, dy, dz ! mesh increments
read(l,*) nx, ny, nz | discretization
read(l,*) theta, phi, psi ! rotation angles
Reading the hydraulic conductivity file
do i=1,nx

do j=1,ny
do k=1,nz
read(l,*) n_elem, coor_x, coor_y, coor_z, logk(i,j, k)
if (logk(i,j, k) == 999) then
logk(i, j, k)=5
end if
end do
end do
end do

close(unit=1)

write(*,*) ‘finished reading data file’

Writing to the output file ... file formatted for BIGFLOW
icount=0

sum=0.0D0
isum=0

omments file store "bad" data within the specified region where

he "bad" values have been previously assigned a value of 5
open{unit=3, file='comments.out’, status=’'unknown’)
rewind 1

do i=nx_start,nx_end
do j=ny_start,ny_end
do k=nz_start,nz_end
sum=sum+logk(i,j, k)
isum=isum+1
if (logk{(i,j,k) == 5) then
icount=icount+l
write(3,*) icount, i, j, k
end if
end do
end do
end do
avg_logk=sum/isum



‘»A
- close(unit=3)

! Writing output to BIGFLO

if (model == 1) then
open(unit=2, file=outfile, status='unknown’)
rewind 2
write(2,*) ’‘geometric average = ',avg_logk

! Inner loop executes first
write(2,fmt="(5(1x,E14.7))") ((((10.0DO**1logk(i,j, k)), &
i=nx_start,nx_end), j=ny_start,ny_end), &
k=nz_start,nz_end)
close(unit=2)
endif

! Writing output to a MULTIFLO format

if (model == 2) then
open(unit=3, file=cutfile, status=‘unknown’)
rewind 3
write(3,*) ’'geometric average = ’,avg_logk

do k=nz_start,nz_end
do j=ny_start,ny_end
write(3,fmt="(5(1x,E14.7))") ((10.0DO0**1logk(i,j,k)), &
i=nx_start,nx_end)

end do

end do

close(unit=3)
endif

stop
end



CENTER FOR NUCLEAR WASTE REGULATORY ANALYSES

MEMORANDUM
June 30, 1998
To: Timothy J. McCartin
From: David Farrell and Gordon Wittmeyer (D /t'a"
Subject: Evaluation of Assumptions of Well Characteristics and Plume Dimensions on Dose Estimates

Needed to Support Development of Attributes of the Critical Group used in Part 63-

Your technical directive of April 13, 1998 raised several issues regarding the method that is currently used
to determine radionuclide concentrations at pumping wells for both the residential and agricultural receptor
locations. In order to address these issues, a numerical modeling approach has been formulated that allows
a more realistic representation of the complex hydrogeology at the site through incorporation of spatially
variable material properties, complex initial and boundary conditions, and multiple pumping wells with
variable pumping rates. The general approach that will be followed to investigate these issues consists of three
parts: (i) definition of the spatial distribution of hydraulic conductivity and effective porosity using
geostatistically-based simulation methods; (ii) application of a three-dimensional numerical model to simulate
fluid flow and radionuclide transport through the synthetic hydraulic conductivity and porosity fields; and (iii)
calculation of the mean and variance of resident and wellbore radionuclide concentrations as functions of

time.

Although hydraulic data for the saturated zone in the Yucca Mountain area are sparse, inferences about the
statistical structure of the hydraulic conductivity field will be drawn from available single-hole and cross-hole
pump test data augmented by "soft" information about fracture patterns in the welded tuff aquifers. The
hydraulic conductivity field of the alluvial aquifers has been described as being heterogeneous. Due to its
composition and depositional history, the deposit can be expected to display a strong anisotropy in the vertical
direction. The combined effects of anisotropy and heterogeneity will have a significant impact on groundwater
flow and radionuclide transport. A limited number of hydraulic conductivity values for the alluvial aquifers
have been obtained from scattered pump and recovery tests. This method of testing will not allow the existing
anisotropy in the hydraulic conductivity field to be adequately characterized. To better characterize this
anisotropy, available "soft" data will be utilized along with pump and recovery test data in the geostatistical

analyses.

Groundwater flow and radionuclide transport will be modeled in three-dimensions. However, due to the size
of the domain and the computational effort associated with three-dimensional modeling, a subdivision of the
domain is necessitated. Two sub-domains are proposed: one domain will be focused on the receptor sites
located in the tuff deposits south of the repository, while the second domain will be focused on the receptor
locations in the Amargosa Farms region. Traditionally, groundwater flow and radionuclide transport at the
Yucca Mountain site have been modeled using deterministic approaches based on averaged parameters.
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Wellbore dilution estimates obtained by Fedors and Wittmeyer (1997) likewise were based on such a
methodology. Due to aquifer heterogeneity, radionuclide concentrations at receptor locations can vary
considerably from those predicted using deterministic approaches based on averaged parameters.
Unfortunately, the heterogeneity in the subsurface cannot be mapped in a deterministic manner to yield
accurate predictions of radionuclide concentrations at receptor locations. One approach to overcoming this
limitation, is through the use of numerical simulation exercises coupled with a Monte Carlo methodology
which utilizes multiple realizations of the controlling parameter values. This exercise would result in a
possible range in dilution factors or in the fraction of mass captured which can be expected at receptor
locations. Provided enough simulations are performed, the simulation results may also be extended to yield
probability density functions that describe the likelihood that concentrations at receptors would exceed a
specified value. This result is of practical value since it may be abstracted into the TPA 4.0 or it may be used
to evaluate the degree of conservatism inherent in the current approach for estimating dilution at receptor
locations.

In the following, five key components of the proposed numerical modeling exercise are summarized.
(1) Three-dimensional numerical simulation of fluid flow and radionuclide transport

Fluid flow will be assumed to be steady-state and will be simulated using either a finite element or finite difference
approach

. Radionuclide transport will be simulated using a particle tracking approach. As in the previous study
by Fedors and Wittmeyer (1997), adsorption and decay of the radionuclides are neglected initially
. Pumping rates used in the model will be estimated based on time averaging of current estimates
(2) Material properties

Material properties are assumed to be heterogeneous

. The hydrostratigraphy used in the model will be drawn from DOE, NRC and USGS reports
. It is assumed that the hydrostratigraphic sequences can be treated as equivalent continua
. Since the spatial distribution of material properties in each hydrostratigraphic unit is not known, two

stochastic methods will be explored for assigning numerical values to these units:

Method #1: The method utilizes a stochastic framework which requires that a geostatistical
analysis be performed on the relevant data from each hydrostratigraphic unit. Based on the
estimated geostatistical parameters, synthetic fields are generated which capture the essential
features of the field based data. The synthetic data are used as inputs to the numerical
simulator. This proposed approach assumes that the material properties of each
hydrostratigraphic unit is independent of that of neighboring units (i.e., boundaries are treated
as sharp interfaces across which there is no continuity)
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Method #2: This method samples probability density functions for the relevant variables
(assuming normality or log-normality) and uses these values as representative values. These
values are used as inputs to the numerical model

Where possible, cross-correlation relations between various variables will be preserved

3 Pumplng Wells and Pumping Rates

Pumping rates will be treated as deterministic variables
Pumping rates will be estimated through time averaging

Wherever possible pumping wells present in the field will be incorporated in the model. Where
possible, wells in close proximity will be combined to reduce computational effort.

(4) Simulation Domain

The size of the entire area that may be affected by releases from the repository is too large to be
modeled using the detailed approach proposed here

Simulations will be conducted for two areas: (i) the region occupied by water supply wells
immediately south of the repository (the close-in receptor location) and (ii) the heavily pumped area
in the Amargosa Farms region (far-field receptor location).

The utilization of multiple domains requires that a method be devised to estimate the boundary
conditions

Depending on the simulation results, a finer discretization of the domain may be necessary. In such
cases the simulations conducted using a coarse mesh may be used to provide boundary conditions for
the fine mesh

(5) Monte Carlo Simulation Methodology

Generate multiple realizations of material properties in each hydrostratigraphic unit based on the
estimated on method #1 or method #2

Perform fluid flow and radionuclide transport simulation in each domain (assume deterministic »
boundary conditions)

Collect the radionuclide concentration data at specified times for each simulation
Compute spatial and temporal mean and variance values

Compute statistics for the percentage of the plume mass captured by the well(s) in each simulation
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On completion of the numerical modeling exercise, two important issues related to the TPA 3.2 code will be addressed:
(i) Based on the simulation results, a determination will be made to assess the degree of conservatism inherent in the
method currently employed by TPA 3.2 to estimate the radionuclide mass captured by a receptor; and (ii) Abstraction
of the simulation results for use in TPA 3.2





