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1.0 Inh-oduction

Page J oj'69

fhis analysis report describes the activities from T[lsk:~ of AP-088, "Analysis

Plan for EvaluaLion ofthc Effects off-lead Changc~ on Calibration ofCulebra

Transmissivity Fields," The purpose of this task is to develop a geologically-based

predictor of mean Culehra Lransmissivity using a standard linear-regression approach and

use this predictor to generate 100 equally probable realizations or the Culcbra mean

transmissivity field. Realizations must shO\.... stochastic variability in the IOl:ation of the

high-transmissivity zones. This ta~k is subdivided into six SUbL<lsks:

1) Conceptual iv-Ioclcl Development - FOITIlalizc a concepmalmodel for gcologk

controls on Culcbnl Transmissivity.

2) Linear Regression Analysis Regress geologic controls againST <-'ulebm

transmissivity data to detennine regression coefficienLs for geological controls on

transmissivity.

3) Reduction 0 rCieologicallvlap I )(1ta - Import geological map data from Task I

into a GIS environment and create dat.a files 01 geological and "soft" data n)r the

Culebra model domain.

4) Indicator VariographY A..nalyze variograms of an indicator function oChigh

Culcbra t.ransmissivit)! lO define a variogralll model and variogram model

parameters.

5) CondiLional Indicator Simulation - usc Yariogralll·lllod~lpawlllders for the high­

tl'ansmissivi Ly indicator to generate 100 conditional realizations of the spatial

locations of high-transrni::;sivity zone:; in the Culebra.

6) Construction ofTranslllissivity Fields . l:se the regression coerticicnts, the 100

realizaLions ofhigh-transmi:;siviLy indicators, and the Other geologic data to

generate 100 realizations of the mean transmissivity in till) Culebm model domain.

The activities associated \",·;th each of tll(:se subtasks are describl:d below.

2.0 Suhtask 1- Conceptual Model Development

The purpose orthis subtask is to develop a conceptual model oCgeologic controls

on Culebra transmissivity. Gt~ologic controls on Culebra transmissivity (Ire idenLitied and

a linear maLhematical model relating tht:sc controls to transmissiviLY is constructed. Holt
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and Powers (l981:), Powers and Holt (1990), Bcauheilll and Holt (1990), ancll10lL (1997)

have described the geology and geologic history or the CulL:bra. The following

conceptual model i:-:; developed from their vlork and is consistent '.vith their

inlerprelations. It is important to note that \VC toilO\v Holt (1l)()7) and assuTIle that

variability in Culcbra transmissivity is due strictly to post-depositional processes.

Throughout the following discussion the info11llal stratigraphic subdivisions of Holt and

Powers (19RR) are used to identify geologic units within the Rustler F011l1alion (FigLlre

I),

We hypothesize thal spatial distribution ofCulebra transmissivity is a function of

a series of deterministic geologic conlrols, including eu lebra overburden thickness,

dissolution of the upper Salado Formation, and the occurrence of halite in uniL~ above or

belmv the Culebra. Each of lhese geologic controls can be delemlined at any location

using geological map data. Because geologic data are not suftlcientiy resolved, high­

transmissivity regions near the \VIPP, ho\vever, cannot be predicted using detenninistic

geologic data and arc treated as stochastic processes.

In the following, we define a fnlclure imercoIUlectivity indicator. The specifics of

each hypothesized control are then outlined. Finally a linear model relating these

controls to Culebra transmissivity is presl~nted.

2.1 Fracture Interconnection

Culebra tmnsmissi';/ity dala show a bimodal distribution (Figure 2). As closely

spaced wdls show very different values, '.'\le hypothesize that higher lransmissi';lit)! values

reflect well-interconnected fi'actures at well locations. LO\vcr transmissivities indicate

regions where fracture inlerconnections are limited. v.,re ddlne a fracmre

inierconncctivity indicator based on a CLltoff of log(T) :: -5.4 [log(m/s)l, e.g.,

log(T) > -5.4 Ill/S

log(T) :;-5.4 m/s
(I)

Well-interconnected tfaCtures occur in regions affected by Salado dissolution (c.g., Nash

Draw) and in areas "vith complicaled cement dissolution and precipilalion histories (C,g.•

high-transmissivity' zones near the \\,' IPP site).
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Figure 1, Stratigraphic subdivisions ofthe Rustler Formation
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2.2 OH~rburden Thicknfss

V/C hypothesize an inverse relationship between Culcbra overburden thickness

;:l11d transmissivity. Overburden thickness is a metric ror two different controls on

Culebra lraTlslJlis~ivity, First, fracture apcltures are limited by overhurden thickness (e,g.,

Currie and Nv....achllkwu, 1974), which should lead to lower transmissivity ."here Culebra

depths are great (Beauhcim and Holt, 1990; Holt, 1997). Second, erosion of overburden

leads to stress-relief fractures, and the amount of Clllebra Fracturing increases as the

overburden thickness decre(lse~ (Holt, 1997).

2.~ SaJado Dissolution

South and \vcst of the V/IPP site, Cenozoic dissolution has affected the upper

Salado Fonnation (Figure 3). \Vhere this dissolution has occurred, the rocks overlying

the Salado, including the Culcbra, are strained (leading to larger apertures in existing

fractures), fractured, collapsed, and brecciated (e.g., Beauheim and Holt, 1990; Holt,

1997). All \\lJPI' \vells within dissolution zone fall within the high-transmissivity

population, i:lnd we hypothesize that all regions affected by Salado dissolution have wcll­

interconnected fractures and high transmissivily_

2.4 Halite Overlying or' Underlying the Culebra

All \vells (e.g., Jl-12) localed \,,'here halite occurs in the Tamarisk (m3/1l3 interval

of Holt and Powers, 19~8) and .Los ~!fedmlos fv'lembers (m2/h2 inLcrval of Holt and

Powers, 19RR) of the Rustlcr Formation (Figure 4) sho\v low transmissivity.

Transmissivity data arc Jimited in this region, but it is unlikely that halite would sllrvive

in regions of high lransmissivity bel:3l.lse halite units are very dose (several m) lO the

Culebra and would likely bt~ dissolved by under-saturated Culebra waters. for example,

the U-19 hydropad is located near the halite margin in the m3/h3 intervaL H-19 shows

high transmissivity, and c.:ores [rom the Tamarisk show evidence of' dissolution and

collapse (iv1crcer eL aI., 1998). We Lhcrcforc assume that high-Lransmissivlty zones do not

occur in regions where halite is present in the m2/h2 or m3.:h3 intervals_
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2.5 Halite Bounding the Culebra

Til rcgions where halite is present in both the m2/h2 ~md rn3/h3 interval:;;, \VC have

no reliable estimates of Culebra transmissivity (e.g., DOE, 1996, Beallheim and

Rllskauff, 1998; and Reauhcim. 2002). Based upon geologic observations ofhalite­

bound units e15ewherc \vithin the WlPP area, Holt (1997) suggests that porosily within

the Culebra rnay contain ahundant halite cements in these areas. lkauheim Fllld Holt

(1990) and Holl (1997) indicatt~ that Culebra porosity sho\vs increasing amounts of p()n~­

filling cement east of the WIPP site. We aSS\lrne that thc Culebra transmissivity is much

lo\ver in the region where halite occurs both above (m3/h3 interval) and belov,,' (rn2:112

interval) the Clllcbra,

2.6 High-Transmissivity Zones

High-transmissivity zones within the Culebra occur bct\"reen areas affected by

Salado dissolution and v,:here halite is present in the m2/h2 and m3/h3 intervals, In the~(;

zones, fractures are well interolT1ncctcd, and fracture interconnectivity is controlled by a

complicated history of Iractll1'ing with several episoJcs of cemenl precipitation and

dissolution (Bcauheinl and Holt, 1990; Holt, 1997). Un (ortunate]y no geologic metric tor

lracturc interconncctivity is identifiable in cores or !l'om subsLlrf~lce geophysical logs, and

fracture interconnectivily can only b(: identified ('rom in sift! hydraulic tcst data. Lnlike

other geologic controls, we consider the spatial location ofhigh-trallsmissivity zones to

bc a stochaslic process that cannot be predicted using deterministic geologic data.

2.7 Linear Transmissivity Mudd

Using hypothesized geologic controls on Cukbra tral1~ll1issivity,we can const.l1lct

the following linear model for Y(X) -log(T(x))

(2)

""here /3,. arC i ::: I,., _, 5 regression coefficients, x is a t \vo-dimensional location vector

consisting ofL:TMX and UT\fY coordinates, d(x) is the o\wburden thickness, and

1
0

(:\) is a dissolution indicator function that assumC1; the value or I if Salado dissolution
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has occurred at point x and 0 othcrwi.;;e. In this model, regressjoll coef'jicicnt 13, is the

intercept valuc for the linear model. Coerlicicnt /J: is the slope of Y(x) i d(x) .

Coeflicicnts fJ3 and /34 reprcsent adjustments to the intercept for the occurrence of

interGOnneCled fi'actures and Salado dissolution, respectively. AILhough other types of

linear models could he dc,,·cloped, our mode! is consistent with our concepLuul model

relating transmissivity to geologic controls and can be Lested llsing puhlished WIPP

geologic and transmissivity data. 1\otc that the regression model docs not explicitly

coTltain tenllS relating Cukbra transmissivity to zones where the CuJcbra is bounded by

haliLe in the m2/h2 or m3/h3 intervals. Therefore it cannot be used Lo predict

transmissivity in these zones.

3.0 Subtask 2 - Linear-Regression Analysis

The ~)llrpose of this suhtask is to detemlinc the regression coefficients for our

linear model (2) \Ising a srandard linear regression analysis. A linear-regression model

was written lIsing the Windo\\!s based program Mathcad 7 professional. This model was

written specifIcally for this application. The model contents and input files arc presented

in Appendix A. Data arc read from data t1le "newdat4_7_02m2.pm" (Appendix A).

Although other variables are input, this model requires only data on depth, log(T), and an

~~stimate ofthe amount of dissolution that has affected the Cu1cbra. The fracture

intcrconnectivity indicator is defIned from the log(T) data, and a Salado dissolution

indicator is defined using the Salado dissolution data. These data aTe then used in a

s.tandard linear regression algorithm to detemlinc the regression coefficients.

Regression cocfficients an: presented in Table 1. The rCf,r:ression has a ITlllltiple

correlation coefficient (R") of 0.941 and a Regression ANOVA F statistic of222. \Vith

m = J and n =42, the regression is significant above the 0.999 level. Residuals show nO

anomalous behavior (Appendix A). These statistics do not support rejection of this rnodel

(2).

The regression model docs not predict transmissivity in the regions 'where the

Clliebra is both overlain by halite in the m3/h3 imervaJ and underlain by halite in the

m2ih2 interval. In these regions. we assumc that the following muddied version of the

regression model (2) applies
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INhere III (x) is a halite indicator Cunction. This indicalor is assigned a value ot' I tn

locations wh~rc halite occurs in both the m2/h2 and m3/h3 intervals and () othct"\vise.

The coefficient /j~ is equ(ll to l to assure that llwdd (3) reduces the predicted

transmi:'lsivity v~Jucs by one order of magnitude where halite occurs in both the m2ih2

and m3/bJ intervals. With knowledge of the valuc~ oftbe geologic controls (e.g., Culcbra

depth, the interconnectivity indicator, dissolution indicator, and halit~ indicator). Culebra

transmissivity values can be prediclcd at unobserved localions in the \VIPI' Culebra

model domain (detined in Section 4.0) using equation (3).

-5.441 -4.636xIO·j 1.926 O. 7 '

Table 1. Regression codlicients for equations (2) and (.1).

4.0 Subfask 3 - Reduction (If Geologicall\'lap Data

The purpose or this subtask is to reduce geologic map data to useable f0n11S li)r

conditional simulation or high-transmissivity zones and prediclion of Cll lebra

transmissivity using equation (3). Geologic mflps (FigUI'GS 3 and 4) (I'ovvcrs, 2002) are

used to determine the values of geologic controls (e.g., Culebra depth, the

interconnectivity indicator, dissolution indicator, and halite indicator) for a Culebra

model domain defined by Rick Beauheim (Appendix C). To crcatl~ useable data sets, we

imported the gcologlcal maps into a GIS cnvironment and digitized 11\(: maps (Appendix

R). \Ve then created a 50-meter grid for oyer the Culebra model domain (Appendix C).

Using the Culebra Structure Contour map data (Appendix D) and surt11ce e!cvation data

(Appendix E), we created an isopach map orthe Culebr3 overhurden on the 50-meter

model grid (Appendix fo).

Using maps of the occurrence of halite in the units above and bclo\'." the Culebra

and welllocatiol1s, \'v'C: created soft data files (Appendix G) for COn(i!llOual mdicator

simulations. We assume that transmissivity \~/ithin 80 m of" each \\,.:.11 is fnml the same



Analy,is Report for T<lsk 2 of AP-088 P'Ige IJ of(j9

population (e,g., high or h)Vv' transmi<;~ivityretlecting well-irltcrconnectcd or poorly

inttTCOnnet:LCd fractures. respectively) and that regions where the CuJehra is overlain or

underlain by halite (only 1112ih2) are low-trammissivity regions.

Using maps or Salado dissolution and the occurrence of halite in the units ahove

and below the Culebra, we cre<lted 50-meter indicator grids over the lllodel domain.

These indicator grids were created for regions atlcctcd by Salado disso1mion, regions

where the Culebra is hoth overlain or underlain by halite, and a middle zone where high­

trammissivity zones oCcur stochastically (Appendb::. H).

5.0 Subtask 4 - Indicator Variography

The purpose of this task is lO define the variogram model and 'v;-lrio&,rram-model

parameters for indicator functions of high C:ulebra transmissivity. Excluding data where

Salado dissolution occurs, Culebra transmissivity data are indicator transformed (1 for

log transmissivity:> -5.4 llog m/s1, 0 otherwise) (Appendix 1). A higlHransmissivit)'

indicator variogram is then constructed for the indicator data in the region Jl(Jl at1ccted by

Salado dissolutlun llsing tbe GSLlB program gamv (Deutsch and Journcl, 1998)

(Appendix J). The lag spacing for this variogram is. ~elcctcd to maximize variagram

resolulion. The resulting indicator variogram is then fit with an isotropic spherical

variogl'am model

, (sI1.5(hjIL)-0,5(h,/2l
y(h) ='l s

if h~2

ifh'2it
(4)

where {(11) is the variogram as a function oflag spacing il, s is the .~iJl value of the

indicaLOr variogram, and}., is the correlation length (Appendix K), This variogram model

minimizes the mean squared error between the experimental and modeled variogram. The

sill value is determined using s = P[1og T > -5.4 (log m/s)l- {P[1ogT > -5.4 (log m/s)]} 2.

For the Culebra data set, excluding weHs vv'here dissolution has OCCUTTed. s = 0.20 I. The

con-elation length A is estimated to be 1790111. N'o nugget dfect is included in the

variogram model. Variogram model parameters are then used in conditional indicator

simulalions of CuJcbra high-uansmissivity zones (see Section 6.0).
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6.0 Suhtask 5 - Conditional Indicator Simulation

The purpose oCthis subtask i~ (0 usc conditional indicator simu1a[ion to generate

100 conditional n::alLzations of the spat ial loc<Ltions of high-transtll issivity zones in the

Culebra. 100 conditional indicator simLdations are generated on the 50-mdcr model grid

using the GSU13 program sisim (Deutsch and Joumd, 1998) (Appendix L) wi[h Culcbra

high-transmissivity indicator dal.H, "soft" ua[a for regions around wells and regions \vhere

halite underlies and o..... erlics the Culebra, and the variogram parameters. ll,ifodel grid

coordinates are added to sisim output using the Gsun program addeoord (Deutsch and

Journel, 1998) (Appendix M). The resulting indicator simulations are used in the

construction of mean transmissivity fields (see Section 7.0).

7.0 Suhtask (j - Construction of l\'l<.~lln Transmissivity Fields

The purpose of this subtask is to use the linear predictor (3) to generate 100

equally probable realizations of the 111C3n transmissivity in the Culcbra model domain.

This calculation requlfi::s the regression eocfficit:nts determined in Subtask 2, Culebra

depth data (SubLask 3), a Salado dissolution indicator function (Suhtask 3), an indicator

for \vhcre halite occurs in m2/1i2 (Suhtask1), and 100 realizations of high-transmissivity

indicators (SlIbtask 5). Cakulations ,·\,erc done llsing a simple Fortran code,

"meantsirn.for" (Appendix N).

100 simulations were created in 10 groups of lOon 10 different 750 MHz

Pentium fTI, \\'indows NT 4.0 computcrs contained in The Oni","crsity oPvfississippi

Ueoinfom<ltics Laboratory_ Separate DOS balch files \:vere used to launch and control the

processing of sirnu lations (AppendiX 0). These calcu lations resul Led in 100 ASCII tiles

containing UTl\·{ coordinates, an esti1llate of Culebra log-transmissivity, and a prediction

of the mean Culebra transmissivity for c;ich grid point in the Culebra model domain.

8.0 Summar)'

We have complded lht: activities from Task 2 of AP-OHS, "'Analysis Plan for

EvaluatiDn of the Effccl1; or Head Changes on Calibration 0[- Culebra Transmissivity

Fields." In this task we developed a geologically bU:;l~d predictor ofllleun Culebra

transmissivity using a slandard linear-regression approac.h. V...'e then used this predictor
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to generate 100 equally prohable realizations of the Cukbl'a mean trall~missivity field.

These realizations ~how stochastic variability in the location of the high-transmissivity

zoneg, This closes out la8k 2 of AP-Og8 and allows St:an McKeJUlB to proceed wilh

Task J.
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Appcndh A - Routine Calculatiun: Linear Regression Calculation for AP-088

Software lJs(.~d:

Mathcad 7 Professiomll

Description:

A linear regression model was written specifically for this task. Data are read from data

file "newdat4_7_02m2.prn". Although other variables are input, this program requires

only data on depth, Jog(T), and an estimate of lhe amount ofdissolution that has affected

the Culebra. The fracture intercoIUlectivity indkator is dci1ned from the jog(T) data, and

a Salado dissolution indicator is defined using the Salado dissolution data. These data are

then used in a standard linear regression algorilhm to detem1inc the regression

coefficients.

Input:

• File: newdat4 7 _02m2.pm (Attached)

Output:

• Regression cociliclents (Displayed in aUached program listing)

• File: residuals.pm (Attached)

Data Sources:

• DOE (U.S. Departmenl of Energy), 1996, Title 40 CfR Parl 191 Compliance

Certification Application for the \~rastc Isolation Pilot Plant, Vol. XVIIl, Appendix

TFIELD, j)OEICAO-1996~2J84,US nOE Waste Isolation Pilot Plant, Carlsbad Area

Onice, Carlsbad, N~t (UTM coordinates and center ofCulebra elevation data from

Table TFlET .D-1 ; log transmissivity values come from Table TFlELD-2; Exceptions

noted below)

• Gonzales, M.M, 1989, Compilation and Comparison of Test-Hole Location Surveys

in the Vicinily ufthe \Vaste holation Pilot Plant Site, ~~4iVrD88-1065, Sandia National

'.ahoratorics, Albuquerque, NivL (Chound surface elevation data; Exceptions noted

below)
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• Bcauheim, R. L, 2002, Analysis Package for Interprc[ation of 1984 11-3 Pumping

Tests, ERMS 522203. (H-3 Transmissivity value)

• Reanhcim, R. L., and G. J. RuskaufT, 1998, AnaLysis of Hydraulic Tests oflhc

CuLebra and Magenta Dolol11iles and Dewey Lake Redbeds Conducted at the \\Taste

Isolation Pilot Plclnt Site, SAND98-0049, Sandia National T.ahoratol'ies, Albuquerque,

NM, (H-19 lransmissivity value; Gronnd surface elevation and center of Culebra

elevation dat~"t for H-19 and WQSP wells)

• Powers, D. W., 2002, Analysis Report for Task Lof Ap-OgS . Construction of

geologic contour maps, ERMSfr522086 (\~/ells showing dissolution; Dissolulion

values shown in data me not used)

Platform:

750 MHz Pentium III, Windows 2000
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Program Listing for

Regress i\-'fode] 3.mcd
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WIPP Regression. Model 3 - 4/7/02 Data Set (note: T data log10)

Model 3:

Data Input:

Read in data matrix, define t118 number of observations, define the sequential variable i.

Dala := READPRN:. "newdat4_7_02mLpm" :t n := row~(Data) i:= 1. 2,. II

From the matrix Data, define vectors of the variables of interest:

YY := Data. ,
t ',.'.

depth ~ =Data ,
"' I,.

tnT := Data. _
L I, ~

Diss :=Data. .
I 1 1 tt

RIc\' := Data 4
l I,

UT}.·!Y. := Data - mir( YY}
I 1,2 .

Define an indicator for high T based on the value of cutoff

cutuff :=- 5.4 Ind. := if"·lnT.:> ClllOfL 1,0"1
I ',I "

Define a dissolution indicator~

Dind. := if(Dis~.> O. I, 0"1
I '. 1 "

Define a vector of ones for intercept values

One~. := I,
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Regression Models

Y:= InT

Define the model:

Y2=~ I + ~ 2 ·depth + ~ j·lndicator + ~ 4 Disslnd

Page n 01"69

X2, L := Ones, Xl" := depth
I, I 1• ..:. ]

Define the S matricies:

X;2, " :=Ind.
11 _' I

X2. A := Dilld.
] ~., I

p2 :=4

Calculate the [fs

~2:= sz-l·xiT.y

Calculate Residuals

-5.441

1.926

O.(,iR

R22
= 0,941

~2 :=Y- X2,~2

The sum of squares about the regression can be defined as

SSRes2 :=1 €2
T .t21

The residuals are also the sum of squares about the regression. We can also define the
total sum of squares,

I T ISST:= (Y- mean(Y)) ·(Y- mean(y))

Then we can determine R.2 Llsing 1-SSRJSST

1

" SSR "",2
R2:=1'1-~1

I" SST,'

Determine the sum of squares about the regressIon

SSregl :=1 (X2·~2 - mean( y))T.( X2-~2 - mcan( Y» I

Determine the mean squares:

MS ' 2 '- SSreg2.. reg ,---
p2- I

SST = 1l2.639

, SSRcs2
lvfSres2,=---

n- p2

SSreg2 = 77.7424

1-'2:- MSl"cg2

MSrts2

SSRes2 = 4.897

F2 - 222,26
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Set up ANOVA table

Paj:!.e .4 (\ . 19

k:= 1.. 4

Al :="SouTce"

Ide= 1.. 4

A
2

:= "Full Model" .'\3:= "Full SSRcsiduals" i\ 4 ::: "SST"

B
I

:="SS" C
l

:=/tdF" Dj:="MS" F
j

:="FTesl"

C2 :=p2- 1 C~ :=n- p2 C~ :=n- I

B
r) '- 2......--,. C

D.
r-. :=---.:.
~ D

3

B
D :=...2

3 S

F :~n ...'l
~

r ._.,.,
'4'- - S:=F

P(F. m,n) :=

o

r tm+ 1\\ 'Il n m-2 m+n
1-- 1 - - -- ---
" 2.' ~? 2 ( ) 2 dx. . .' ,·m 'n'X . n + m·x

r i !:2', r i~;
',.2, '..2 ..'

,.
ollree" "SS" "dF" "MS" "F Te....L" "Sil;;'TIif. level"

"Full Monel" 77.7424 3 25.9141 222.2598 0
;-.IOVi\ '"

"Full . SRcsiduals" 4.8969 42 0.1166 "-,,

"SST" 1\2.6393 45 U_"

Model Appears Significant
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Let's look at the fits

-), r----,---,---,--------,r-----,---,---,-------,---,

-3 ~O[iJ
Oil O~ Il

-4 • • •
~ liI~"
~' -5
F--

.3 •
-6 Q:]

-7 • •

-5.4

iii
-8 '--_-L__-L__.L--_----ll-_-L__-L__.I-_--l__---J
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Input File: ~~ncwdllt4_7_02m2.prn"

Column 1 - Well Identifier, Column 2 - UTMX, Column 3 UTMY. Column 4·­

Elevation of Well, Column 5 - Elevation ofivliddle ofCulebra, Column () - Log

Transmissivity (Log (l11/s)], Column 7 - Amount of Salado Dissolution (m), Column 8

Culebnl Depth.

'AEC·7'
'C1!-:"

fD-~ce'

'OO1::-P
rDOB-~r

· E:l'9'le h

, E~HJA-')·

"E-I '
· 1: 2c"
f ii-31)1 t

I H-4(" II

':i.-Sc"

•~r-6c"
.:-t. 7c. 1I

';{-9.;:"

':f-ltH)'
'H-1ib~'

';f-12"
'H-l'!"
., H-l 5 n

· H-16"
~ fl-17 '0
lH-l{{1I

"H-19bO"
"p-14 "
"P :5"
"p-~7·

"tlSGS-: II

"',111'1'-12 '
"~r:PP-l 3 r

"'/Jl.P!'-18 .
n'I1:PP-ll) •

"r,I:n-;n'
·'IJ~P<·-22 .
llrt17??-?S'
"r,JIPIJ-26­
11r/J~P?_~~7 •

"r,I:!:P?-28 '
""J':'p~'-29 .
"I;J:F?-.'\O ~

"'t/QS:;' -1 "
"~'JOS~I- 2"
"I'jQS?- 3"
'·~'JOSt:t. _1 h

"HQSP-j'
·\·jOSP 6"

t5?112635892&1
~U191 :\S78()~9

6087'02 3578877
6) :>7.[)3 )''>611333
HJGBJ J,5U52%
6:4953 .~,S674S~

(.:') 696 J:,!J', 9Su
6:3~23 35a:68~

61~6fi6 ,)';8:668
EIJ/2':: J:'l'OS9~

6L2~'J6 ]578'159
61 69():~ }S84l}O?
G1fJHli J ::'~49~ J
6():;O,)~ .1S746~O

0139'i~ ·.J~6n34

67.2975 35720173
61 ~101 ~~S7913:

517023 3575152
6]n4'j 3580354
615315 3581859
613369 35822:2
,,1~i18 3Sj'}~~.:\

6122(,,1 35g] Hi (j

6)4514 35?07:1i
6090lJ4 J~819'i6

61<1624 357B747
(,139:16 ) 5}7466
606162 3569,159
6:37~.('J )583~~4

6:2644 358~24'i

61~7.35 ',Se31H
&U'n9 J%2"ln
~13 7,13 35B2319
613739 lS8/.653
6'J6385 358402l'
604014 .158:162
ti04426 J~,yj()'/9

611266 )·59-168Co
5969(n }')7A69"
513''/21 J5lJ9701
612561 3 ~)834 2 7

5] :ni6 J5A'>973
Ii 1~{'86 35,83518
01028 .>5H()7E>6
!i 13668 3580353
51?605 ,15AOB Ii

1114.73
1 ill ~. 15

999.3
1n"6.16
1041.8Y

10,12
109

le-35.G8
1029.52
1l1'.\J .04
10 L6. O·j
,nfra.S6
1020.4~

%4.21
10313.:J,l
E2·1.32
1039.37
!DH .2,1

:Cl19 'i
1060. '/./
103g_25

1031.45
1040,39
~041.:,

lU2~.OS

1008.il2
1016.74

10,\,1 1
"OSA. OS
10~n. ~;(.

: \j~/~ .;J
1(:O?6,~

:01~.53

: 04'- I fl
979.1(;,
%0.6~,

96H.4
:'020.05
907.:n
10~4,'!

lC·L.~

1 i.J':)S
10~9.!i

10-: .. 6
1030 ../
'1 C'/.4. 7

B015.55
BS6.88
B85.)~

802.72

837.72­
A20.91
~26.1j

836.::'8
R-;:S '7
tf6~. -,,''1
790.7·'1
63;<.B~

8B;~.33

IB6.!i.1
',"J:,. U';
8iS.,H
'189. ~ ....
8J19_'17
",'94.9,(-:
821. '19
8:2.'2
lJ26,H2

812.3
646.n!i
879.59
fl42. 8!i
6Hl.65
807.35
(120.79
a:'J.o
fi:.~ ..~ 7
e:S,t8
e:4.67

UJ9.:
900.·~5

fi7!i.43
l.'lJij. I)"

8~~.1~

f>49.01
825.61
80S.2E
·i99. ':'2
'W9.18
UJU.OJ
8·1~ .3~

-6. ;J

&.5
-5.7
. ~. '9

-4
- 4 . ".i,

-6.3
-f.

-6,~

-'1 i
-6. J

6.7

-~

4.3
-6.7
- U. 5
-6.S
-6,]
-G.O
-~ ...
-3.S_....

."
-"1 • .l

7
-Cl
. ('. S
-6.2
-6.6
-G.4
-,l . J
-2.9
-3.3
-.LF.

-6.7
-4.~
-4, .,

-!'i.n
-4,9
-5.9
-6,6

U
o
U
o
L1

o
\)

o
101

o
.17

(0

0)

2fi9. "l'
1~';, 2/
11 5.98
2::').44
25~.51

~()4_:l~

218.Q8
209.55
:02.94
20:.H7
':'S3.3l
~'!'i, 02
187.61

77.f!R
201. IH
~1<).2!i

n::'.93
2S..{.97
170.2:i
:6!3.79
217_'J6
n':l.(\~

213 _57

2/.9.2
178

129.24
in .iJ9
162. /1J]

2SG .....
217.:7
243.0{(
233.93
225.85
229.5:
gO.GE

fo\() • ~!

~2, 'j""

13:.96
fl.n

19~.{'9

nO:;.79
:~49_7~

260.38
).hi 4;:
200. til
";{H? 3~-
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Both Rick Bcauhcim and DCIUlis Powers checked this data file (see below).

a~ AA l)1~{{)
~~newdat4_7_02-mod.prn.txt

'''AEC-7" 621126 3589381 1114.73 845.59 0 2
69.14
"CB-1" 613191 3578049 1014.15 856.88 -6.5 0 1
51.27
"0-268" 608702 3578877 999.3 883.32 -5.7 0 1
15.9B
·OOE-1" 615203 3580333 1056.16 802.72 -4.9 0 2
53.44
"OOE-2" 6136B3 3585294 1041. 89 787.38 -4 0 2
54.51
"Engle" 614953 3567454 1042 837.78 -4.3 9 2
04.22
"ERDA-9" 613696 3581958 1039 820.92 -6.3 0 2
18.08
"H-1" 613423 3581684 1035.68 626.13 -6 0 :2
09.55
"H-2c" 612666 3581668 1029.52 836.58 -6.2 0 1
92.94
"H-3b1" 613729 3580895 1033.04 825.17 -4.7 0 2
07.87
"H-4c" 612406 3578499 1016.04 862.73 -6.1 0 1
53.31
"H-5c" 616903 3584802 1068.56 790.74 -6.7 0 2
77 .82
"H-6c" 610610 3584983 1020.45 832.84 -4.4 0 1
87.61
"H-7c" 608095 3574640 964.21 886.33 -2.8 30
77.88
"H-8b" 608683 3563556 1046.34 863.16 -5.1 0 1
83.18
"H-9c:" 613974 3568234 1038.31 836.53 -4 7 2
01. 78
"H-10b" 622975 3572473 1124.32 705.07 -7.4 0 4
19.25
"H-llb4 " 615301 3579131 1039.37 815.44 -4.3 0 2
23.93
"H-12" 617023 3575452 1044.24 789.27 -6.7 0 2
54.97
"H-14" 612.341 35803S4 1019.7 849.47 -6.5 0 1
70.23
"H-lS" 615315 3581859 1060.77 794.9B -6.8 0 2
65.79
"H-16" 613369 3582212 1039.25 821.79 -6.1 0 2
17.46
°H-17" 615718 3577513 1031. 45 81?.42 -6.6 0 2
19.03
"H-18" 612264 3583166 1040.39 826.82 -5.7 0 2
13.57

Page 1
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Output File; "residuals.pm"
h:l~UG ):.893 ['1

6U19i .1S73C.~19

60fl7 02 ]:, 182'"''''
G1:'2C3 .~:;RO~ :=.;.~

6116B3 ]S252~4

61'19'» }S674S4
613695 352i95B
6U423 :lSAi 6A'l
61;(.666 35816E.3
linn9 )500(,95
c124L1li 3578·199
616905 3S841JO?
61061n 358'1983
G0809S ~s 746~ ~J

61 ~')7'1 3568234
&2297<; 3572-17~,

6!.~3Cl 3:'.'913',
6:7023 35"5~152

G::'.23~'t ,~5&O,F,G

C~31:' .> :.~~~. £~S9

6:,3J69 :;5102212
G:S'!1fl "~:;7]5:J3

6,22(>'1 35831&6
6::4<;14 3:;80716
609084 ):'819"6
(,:Oo/.4 3:;787·17
6:3n6 ,\<;'7746/i
606462 3569,159
6:3"1\1 35&:l<;:i.G
61;:o~-1. J58~2,n

I~:)'.; 3<; 3583i79
6::3739 3~B2'/S2

6117G3 3582319
613739 35B/.6S:l
606385 ):,84020
604014 3581.'.62
60'1426 359 :I{l?9
6:1266 359tJG80
596991 3S786~4

6: :1721 3589701
Co:2S61 35&31127
6:3776 J:.f.lj9·... )

6,4686 3583515
6>1728 353(:766
6:3668 358035J
6~21)1l~ ,5~~n'7-'6

·6.1:1 -(). J 10777R7A4
-6.5 -O,12"'-l28823'1
-:). '7 c·, 2'.'9H 2'i~,:'l

-4,~ -iJ./.1Ci·J431314
_ l~ Co. u9~91'.' jn~

-4.3 -0),510H,4'i2'
-6.3 ij. :5H91l091~

-6 0,4129:;13626
-1i.2 il,:3S94-H9H

-'1. " -u,nl:\144633
-6. , O. O~2211851l-1
- &.7 C.029464:.:7951
-,.~ -G.Ol:J213735f..:8

'~.i.i O. :~97'H48a~:;
-4 ·O.2<:7uJ07;;'H

-1.4 -0,014838901'1
..1.3 (0. 2~) 14 200'1',
-6,~ -0 _07(,4 727J 7~
-e,. ~ -0 ?6';i.~137 G81
6.8 -0. 1263091/.·S9

-6. " 0.3']5-&236516

-6.e -0. ~430,)i;)2'1<;

·5.7 oJ, 731~ij8lJ~:n
-5./. -n.62212116Jl
·3.5 o . 15212{J;'S91

-: -n,g'i938:~217

-(, U. ;:06? 470g"
-1. -, 0 2A'l'J8139l:i

- ./ -0.3962692329
-1,.1 o,·12~802:J4~

-6.; (,-06A402!)211
-6.2 0.];l~981'554

-6.1i -0 .11B786865
-6.4 O.lO~489781

-3. !j ,O.C13TI66H;'i4
-2.9 0,21<;9769(\78
,3,3 -O.0320949S?55
-~.fi -0.15123705&7

-3 -0. P49h'i97A2
-6. , -3,3!l130G2'/&6,
-1 . ~ C.01540UBi6,1
-1. 7 - C, 027 289'I'/J~"

-~.R - 0 .15:3909J1"
-4.9 -f), (;U8951",44S
-!i.1) O. ·1717B1966-
-6,6 -G', :t;<2fi1 on96
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Appendix B - Routine Calculation: Adobe Acrobat File Jmplll-t for AP-O~S

Software Used:

ERDAS Imagine

ArcView

Description;

Four geologic maps were imported into a GTS format. These maps v.'ere Adobe Acrobat

portable documcnt files (PDF:.;). Each of these PDFs was converted to a high-resolution

(600dpi) Tagged Image Fonmll File (TIFf). Using ERDAS Imagine, the image tiles

were thcn georectified (assigned coordinates) to the coordinate system supplied on the

maps. Tn each case, the Universe Transverse Mercator (UTM) Projection, Zone 1J North

was used. AU maps were assigned the North American Datum 1927 (NAD27). These

rectified images were then opened in ESRI ArcView to begin heads-up digitizing (HUD).

HUD is an interlxetive procedure that allows the analyst to trace on-screen features from

a rectified image. The HUD resulted in the following spatial arc data.

Input:

• "Culebra_Stmcturc.pdf' From ERMS# 522086

• "Drillhole)O_Numbers.pdf" teom ERMStf 522086

• "Rustler_Halitc_Margins.pdC' from ERMS# 5220g6

• "Salado Dissolution_and C:uIVT_Thickncss.pdP' from E&V1Sft 5220R6

Output:

• ArcView Shapcfiks:

• "salado_dissolutioll_new.shp-'

• "salt_margin_ml_hlshp.shp"

• "salt_margin rn2__h2.shp"

• "salt_margin_1ll3J13.shp"

• "salt margin_m4J14.shp"

• "top_culebra.shp"
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Data Sources:

Spatial data digitized from geologic maps prepared by De!mis Powers for Task 1 of AP-

088. ERMS# 522086.

Platform:

1.8-GHz Pentium 4 - Windows 2000
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Appendix C - Routine Calculation: Cn~ation of 50-nl{~tcr grid for AP-088

Software Used:

ArcVicw

Microsoft EXCEL

Pag.: 32 of 69

Description:

A 50-meter block-centered grid was created in ArcView. Because block centers lie along

the model boundary, the created grid extends 25 metcrs past the model domain. The

following are the speciHcations of the domain grid:

• # of Columns 447

• # of Rows 613

• LO\\ler Left UTMX 601675

• Lo\....·cr Left: UTMY 3566475

• Cell Size in meters 50

The GRlDPOINT function in Arc/Info was llsed to generate a point spatial data set. Each

point was the center ora 50-meter grid block. Again, points would lie along model

domain bOLLndaries. Therefore, the cenler oCthe lower letl grid space would be 25 meter

north and 25 meter east of the listed UTM coordinates. This would be UTMX . 601700

and UTMY =3566500, or thc lower left coordinate of the model domain. This grid

provided the basis for all spalial cakulalions and other data set creation.

After the point spatial data set was created, the ADDXY conunand was used in Arcilnfb

to assign the xy coordinates to the 274,0 II dat~ points. This resulting data file was

exported into a TAB delimited text format. The file was checked LLsing a differencing

formula in EXCEL to assure the xy coordinates were in 50-meter increments. The

following is an example of the data file:

Lex Ley

601700 3597100

601750

601800 3597100

3597100
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601850 3597100

601900 3597100

601950 3597100

Input:

Ni/\.

Output:

• ArcViev./ shapcfiJe <>final-lloinls.shp"

• TAB delimitated file "flnatpoints.txt"

• EXCEL format file "final-.roints qa.xls"

Page 33 of69

Data Sources:

l\'lodcl domain bOlUldaries specified by Rick Beauheim in the following email~:

FrO!!L Beauheim, RichaJ:"d L [SW1'~;rLhe311h@:,;;;,.nd:'a.(KlvJ

Sent: TU0Saay, ApIil 23, 2C'02 .l2:U PH

'1'0: ' nnhol t@olemiss . cd\.: ,

S\lbj ~ct: ucmain

Rob,

1'\.''2 beer look~ng at. t.h~ la~t aQJw).in 11ar~;'l \Jsed that was orit2nt.ad 1\-5. He

tls~d it in ~.AND89-ICEi5/l, The <':U1:'1<:::r:,; wc:~e /1t,:

N!/~ : 3, 597~ 100 en ,'j cO2 ,lOP m E

NE: 3, ';.:J"i, 100 rr, :'I (j:2 J] 000 til E

51'): ., 56£i I 500 In N f,02, ';:::,0 :n :::J'

SJ:;; 'J !)[·;6. 500 m N 624, 000 In E
'"

It seems :'0 me t,o eaptuJ::iO! Q'le::r:ychi.nq WF. ni'!~~, althoug'b 'lie might be able too

sl1itt. r,he e a;:; ,err: 'nouedctJ::y ;;;:!.ightiy to :-.:l~ .f~'st. M;:. it..;, it '.,'ould give Sean

;.lLout 26JK elcmcntiJ, ....ihic:h it~ I1lO:::~ than thE' lOOK :ie rnent.imH::lu. ea:::licr, b\.;t

if that solver is really fnsteI, he: should he able ~Q h~nJle Lhis.

,dek
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From:

Sent:

Beauheim, Richard L [5MT~;~lbeauh@8andia.govl

We&)€sday, May 01. 2002 10;58 AM

Subject: modeling domain ext.ension

All,

Let's extend the modeling domain an additional 1000 m to tile .....~st., ·....bicll

will put. the wesl:er'n bouridary at. 601,700 mE. This ·.... ill run t.ha boundary

across Lagwld Uno. Sean is pretty confident no',,' that he can handle the

number of cells this will give us in the n~odcl (273K).

Rick

Platform:

1.8-GHz Pentium 4 - Windows 2000
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Appendix D - Ruutinc Calrulatinn: Creation of Culebra Structure Surface fur AP­

088

Software Used:

An;/Tnf()

Oescription:

Prior to constructing a spatial data map ofthe CuJebra overburden thickness, a structure

surface had lo be created. Using the "lOp culcbra.shp" spatial data created from lhe

HUD (Appendix B), a hydrologically corn~cl surface was calculated, The surface \vas

creaLed Llsing the TOPOGRlD command in ESRJ's Arc/lnfo so!twarc. The TOPOURID

command is an interpolation method specifically designed for the creation of

hydrologically correGt digital elevation modeb (DEMs) from elevation points and

contours (isolines). 1t is based upon the ANUDEM program developed by Michael

Hutchinson (19g8, 19H9). The TOPOGRID command was executed using a 50-meter

grid spacing based On the grid locations derived in Appendi.x C. The resulting stnlcture

surfat;e was saved as an ArclInfo GRID fonnat.

Input:

• Arc/Info coverage format "top_culebra.shp" from AppendiX B.

Output:

• An;/Tnfo GRID format directory file named "culebra"

Data Sources:

Spatial data digitized fi·orn geologic maps prepared by Dennis Powers for Task 1 of AP­

088, ERMS# 522086. (sec Input listed in Appendix B)

Platform:

1.8-GHz Pentium 4 - VV'indows 2000
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References:
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Appendix F: - Routint~ Calculation: Creatill~Surface Elevation Data for AP-088

Sofh"are Used:

f\.rcView

Description:

Prior to consLructing a spatial data map of Lhe Culcbra overburden lhickness, surface

elevation data on our 50-mctcr grid had to be created. The surface elevalion of the model

domain \",'us obtained from Lhe USGS National Elevation Dataset (~ED)

(http://edcnlsI2.cr.llsgs.gov/nedr). The NED has been developed by merging the highest­

resolution, best-quality elevation data available across the United SlaLes inLo a seamless

raster lonnat (surface). The NED has a 30-lneter horizontal resolution. For lhis task. the

grid was resamplcd in ArcView to a 50-meter grid based on the boundaries of the model

domain. The reported elevation value for each of the 50-meter node points represents an

average of elevation for the surface arca contained within the grid block.

Input:

• Arc/Info GRID [omlat file or the usus National Elevation Dataset (NED)

Output:

• Arc/lnfo GRID format directory file named "dem"

Data Sources:

USGS National Elevation Dat(18et (NED) (http://edcnts12.cLusgs.gov/nedl)

Platform:

1.8-GHz Pentium 4 - Windows 2000
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Appendix F - Routine Cakulation: Creating an Isopach IIf Culcbr8 Overburden for

AP-088

Sofn,"are Used:

ArcViev"

Description:

Using the digital elevation data from the NED and the Culcbra stmcturc surrace, an

isopach grid was created. The isopach was created in ArcView using the map calculator

function, The Ollebra structure data were subtracted (rom the elevation dHta, The

resulting grid is an isopach ofCulebra overburden on 50-meter spacing.

The GRIDPOTNT function in Arc/Info was used to gcncrate a point spatial data set. Each

point was the center of a 50-meter grid block. This resulting isopach data fi Ie was

exported into a TAB delimited text l'omlat. To assure that the overburden value

contained in the lile 'was represented in the isopach spatial data set, we compared the two

values at each well location where the overburden thickness was knO\\'Il- This provides

f0l1y tlve locations where the accuracy or lhe spatial model call be checked with an

average error or 0.91 m and a standard deviation of 4.52 m. A histogram of the well

values in provided in the figure belov....

Histogram of Isopach Difference
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Input:

• Arc/Info GRID lonnat directory file named "culebra" from Appendix D

• Arc/Info GRID fonnat directory file named "dem» from Appendix E

Output:

• Arc/Info GRID format directory file named "isopach"

• EXCEL fonnat file "qa_isopat:h.xls"

• TAB delimitated file "isopach.txt"

Data Sources:

Geologic maps prepared by Dennis Powers for Task 1 of AP-088. ERMS# 522086. (see

Input listed in Appendix B)

USGS National Elevation Dataset (NED) (http://edcnls12.cr.usgs.govinedl)

Platform:

1.8-GHz Pentium 4 - Windo\'vs 2000



Pag.: 40 of 69

Appendix G - I{olltinl~ Calculation: Creation of Soft Data HIes for AP-088

Software Used:

ArcView

Description:

For conditional indicator simulalions, we created "soft: data" based on the salt margin

m2l112 and sail margin mVh3 spatial data. A 500-meter grid was crel-lted to the cast of the

eomhined m2/h2 <md m3/h3 lines. This SOO-meter grid used the original 50-meter grid

excluding every nine points and saving the tenth. This was to assl1l'C the SOO-meter "sofl

data" grid spatially overlay the 50-meter grid. The combined line 'was also represented by

points spaced approximately 500-~OO meters apart.

Addilional "soft dala" were created ncar well locations using an SO-meter buller (sec

figure below). All 50-meter grid nodes (Appendix C) lying within the 80-m buffer ""ere

selected and assigned the transmissivity attribute of the closeSl well.

....__ ..,6. ....-..

/

/

•

••

",Well
er/

•\

!
I..

Grid n:Jd;l5 ndud d 10 "soft data':
!. •
I

,

•,,~

'"- .... - ---- 00 mp.llor butter

, fJl)· meter grid nodes

;j,'

Because all the nodes within RO meters of the \vel! and thL: 'vvell ilselfwere selected as

;'son data", lhere W(IS duplication in the input files. Only one "~oft data" point can

occupy a 50-meter grid space during a realization. Thcrc10rc the node closest to the well

was climimucd Irolll lhe "soft data" file. The "soil data" poinls were then exported into a

TAB dclimited text fOl111at.
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Input:

• ArcView shapefile "final..J)oints.shp" from Appendix C

• AreView shapefile "salt_margin_1l12_h2.shp" from Appendix B

• ArcView shapefile "salt_margin_rn3_h3.shp" from Appendix B

Output:

• TAD delimited file "halite.txt"

Data Sources:

Spatial data digill7.ed from geologic maps prepared by Dennis Powers for Task 1 of AP­

088. ERMS# 522086. (see lnput listed in Appendix B)

Platform:

1.8-GHz Pentium 4 - Windows 2000



Analysis Rcpon f(ll" Ta~k 2 of AP-OXX Page 4201"69

Appendix ll- RoutinE' Calculation: Creation of the Indicator Gr"ids for AP-088

Software Used:

Arc/lnfo

Description:

Indicator grids consisting ofO's or 1'15 were created using the Salado dissolution line,

halite margin 1112/h2, and halite margin m3/h3 spatial data. Using Arc/Info ArcEdit

functions, polygons were created to represent areas of' Salado disso lution, where halite

occurs in the m2/h2 interval, and a middle zone defined hy the region where Salado

dissolution has not occurred and where halite does not occur above and below the

Culcbm. These polygons attributes were then populated with the appropriate indicator ill

the datahase, as follows:

• Halite Indicator - (1 ...vhere halite oecurs in the m2/112 inten·al, 0 elsewhere)

• Middle Zone Indicator - (0 where dissolution occurs and m2/112 overlies and

underlies the Culebra, I c1sc\vhere)

• Salado Dissolution Indicator - (1 where Salado dissolution has occurred 0

elsewhere)

The figmes below 5hO\v the indicator poly:gons within the model domain.

Dissolution Indicator M2/H2 Inc1icawr Middlezone Indicator

.~
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.Next the 50-meter points created in a previous subwsk (Appendix C) \'v'ere overlain on

each of the indicator polygons. The attributes of thc polygons were then spatially joined

to the points, thereby creating a nev," attribute in the point data representing the associated

indicator value, Three indicator point data 11les were created using this technique:

• llal1te Indicator Grid

• Middle Zone Indicator Grid

" Salado Dissolution Indicator Grid

A visual check \:I,'<:1S preformed to assure proper indicator value assignmcnt to cach point

Large scale PDfs were produced for each grid file. The indicator \:I,'as color coded and

plotted with the spaLial data used Lo create the indicator girds. Each indicator grid was

then exported into a TAB delimited text format.

Input:

• Shapefile "finaCpoinrs,shp" from Appendix C

• Shapefile "salado_dissolution_new.shp" from Appendix 13

• Shapdllc "salt rnargin_m2_h2.shp" from Appendix B

• Shape file "salt_margin_m3J13.shp" from Appendix 13

Output:

• TAB delimited file: p_halite,txt

• TAll delimited file: p_middJezonc.txt

• TAB delimited file: p_ dissolution,txL

• PDF file: "halite_qa.PDF"

• PDf file; "middlczonc. qa.PDF"

• PDF file: "salado_dissolutioll_qa.PDF"

Dlltn Sources:

Spatial daw uigitizeu tTom geologic maps prepared by Dennis Pov\,'ers for Task I of AI-'­

088. ER1'vlS# 522086, (sec Input listed in Appendix B)
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Platform:

1.8·CilIz Pentium 4 - \Vindov\"s 2000

Page: 44 of 69
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Appendix J - Routine Calculation: Indicator Transformation of Cu]ebra

Transmissivit)' Data for AP-088

Software Used:

Mathead 7 Professional; Excel

Page 45 ofl.i9

Description;

A short Mathcad file \VllS written specifically for this task. Data arc read from data file

"ncwdat4_7_02m2.prn." This program reads inpLlt data, calculates a high-transmissivity

zone indicator (HTindi), calculates a fracture interconnectivity indicator (lnd j), and a

dissolution indicator function (Dindi) f()r each Culebra well. The indicator data are then

output with UTMX, UTMY, and log(T) data to an ASCll file "inddat.dat." This file was

then read into Excel and solted based on the dissolution indicator column. Wells where

Salado dissolution has occurred were removed trom the file. CO]Ullms containing the

interconneetivity indicator and the dissolution indicator were removed. A cohmm for a

low transmissivity indicator was added (I the high lransmissivity indlcator), and the tlle

"'''as f()rmatted for use with GSLI13 pwgrams. The data file was saved as "ndlogTe.dat."

Input:

• Fi Ie: newdat4_7_02m2.prn (Attached in Appendix A)

Output:

• File: inddat.dat (Attached)

• File: ndlogTe.dat (Attached)

Data Sources:

See Appendix A.

Platform:

750 MHz Pentium TTl, Windows 2000
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Program Listing for

High T indicator 2.mcd
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WIPP Regression· Calculation of High T indicator for input to
GSlib - using new data

Data Input;

Read in data matrix, define the number of observations, define the sequential variable i.

Data :=READPRN"newdaf4_I_02mLprn" jn ::;::rowS(Dala) i:= 1,2.. t1

From the matrix Data, define vectors of the variables of interest:

xx. := Data. I
I I ~

YY :=Data. ,
I I ~ ..:.

depth i := Datai. 7

Elev. ::;:: Data.
1 1,4

tiTMX := Data. I
I I,.

UTM Y. := Data.,
I 1'0"

Define an indicator for high T based on the value of cutoff

cutol)':=-5.4 Ind. := if(lnT>cu[off, 1,0\
I \' ...

Define a dissolution indicator:

Dil1d. := jf(Djs~.> 0, 1,0\:
, I" I .'

Define the 11igh T indicator

HTind. := Iud - l)ind
I I I

OtJ lput data

D. :=IJTMX.
1,1 I

D ~ :=UTMY.I,,, I
D. ,:=lnT.

1._ I
D. :=Ind. D. _:=HTind D.. ::;::Dind.

I. J 1 1, ~ t I. (I 1

WRITRPRN"inddat.dm'· ) := D
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Output File: "illddat.dae'

Column 1 -Un'\'1X, Column 2 - {)TT'vf'{, Column J Log Tl'al1smissivity ILog (m/s)],

Colunm 4 - Fracntre Interconnectivi ty Indicator, Colunu15 High T Zone Indicator,

Column 6 -Salado Dissolution Indicator.

6/.112{i 3589381 5.!! 0 () C·

61E91 35',18{149 -f.:; (} a u
608707. 3578877 5.: I} (} n
615203 3580333 .~ ." 0
613683 ,5SS294 4 n
611953 3561454 -.;.. :\ ()

613696 35S195E .. -:'.1- I} J (}

61.3423 J 5811'>94 -1'> (} () (}

612666 35.31658 C·.2 U 'J (}

613'129 3580A9S - L~ ~ 7 L L a
6,-241Hi )578~99 -I: :J 0
6'.6CjO, 3SB1802 ,7 {) 0 :1
6>lO610 3584983 -·. ~ 1 1 tl
608095 357·'lG4Co <J. :3 1 (j

613974 .'S68231 1 Co
622975 )~'124lJ _ ,I I !! I.) (i 0
615301 3579131 · 1 1 (J'.1 ~ _

61".1023 ) 5'/':i4 52 -'-., 0 Q .~)

612341 JS80354 - .. ') () Li oJ

6tS}lS 3SB1E59 · ~ I) C (I.:>

613369 3582;:17- - .1 0 (} oJ

615718 3577513 -r, 'J 0 1I 0

61226~ 35B3166 a·~. '7 0 (} 0

6H5H ):.80'116 -... ,. I (I

60908~ 3581970 . :. 1 U
61062~ 35B?47 - : () ,~ 0

613926 35Tl466 -t- o oJ G

60646? ,5694S9 1 0 1

613710 J5~);,24 -I n () c·
613611o:l 35B42~~ 7 .;. L 1 1 C

613"1:15 3503179 -6,; 0 lj C

013739 J5821~2 -6.;; 0 () c
613743 ,;A2~1':l -6.6 0 0 ~

6lJ739 ~~a?6S) -6-4 n n 0
60638~, 3581038 3.5 C
604014 ';8.1l62 -2.9 L
(;04426 35930·19 -3,3 (I

611266 359,i680 3.6 0

596981 35'18694 - ~j l 0
613721 35enO: - 6. 'J 'J 1I :l
fil2561 3583437 -,~. S 1
613'1'16 35H3q73 -:i,'";I 1 1 J

610'1686 3583518 6.8 0 ,:,1 ~J

6147211 :~ 5fi0766 -tt. g 1 1 J
613(}(Hl )S8IJJSJ -~,9 0 'J J

612605 3580730 G.6 (;I 0 'I



Analysis Report for Task 2 ()fAT'·O~8 Page 'W 01'69

Output File: "ndlogTe.dat"

Coluum 1 -UTMX, Column 2 - UTM'y', Column 3 - Dummy Z Variahle, ColuInn4-

High T Zone Indicator. Column 5 _. Leg Transmissivity [Log (tn/sfl. Column I) - Low

Transmissivity Tndicator.

Culehr[J :tog T data ar:d indica to::' s
6
UTtt.x
UTMY
ZDUH
HTI
logT
LTI
621125 35~l9jfJ1 I (J -6.8 1
6:319':' 3578049 1 u -6.5 1
608702 35781177 1 0 -5.7 1
515203 3580333 1 1 -4. 9 C
613683 358529" 1 1 -~ 0
613696 3581958 1 0 -6,3 1
613423 358168<'1 'I 0 -6 1
612666 3581668 1 I) -6.2 1
613729 35BOB95 -4.7 (I

612406 3578499 oJ -6.1 1
616903 35R4BO? 0 -6.7 1
610610 3584983 1 -4.4 0
622975 3572473 1 () -7.4 J
615301 3579B1 1 :. -4.3 0
617023 3575452 1 0 -6.7 1
612341 3580354 1 0 -6.5 1
61531') 3581859 1 0 -6.8 1
613369 3582212 1 C -6.1 1
615718 35775:1.3 1 C -6.6 1
61226<1 3583166 1 0 -5.7 1
614514 3580716 1 :1 " ~, C- J. ~

6106/.<1 35'/8'147 1 0 -7 1
613926 3577<166 1 0 -6 1
613710 3583524 1 0 -7 1
612644 3584247 1 -4.1 0
613735 3583179 1 ~ -6.5 1
613739 3582782 1 ::I -6.2 1
613743 3582319 1 oJ -6.6 1
613739 3582653 1 0 .. 6.4 1
61372'1 3589'/01 1 0 -6.7 1
612561 3583427 1 1 -4.5 0
613776 3583973 1 ) -4.7 0
6146fl6 3583518 1 D -6.8 1
614728 3SI.lQ766 1 1 -4.9 0
613668 3S80353 1 0 -5.9
61260~ 3580736 1 (I -6_6
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Appendix J - Routine Calculation: Cak.ulation of Culebra High-Transmissivity

Indicator Vlll'iograrn for AP-088

Software Used;

GSLlB program: GAlvlV.FOR

GSUB subroutine: CHKNAM.fOR

GSLlI3 include file: GAMV.JNC

Compiler: Fort.ran Powerstation 4.0

Description:

An indicator variogram tor Culebra high-transmissivity zones was calculated using the

GSJ.TB routine "ganw.for". One line of source code (line 940 urthe GSL1J3 routine

"gamv.for") was commented to facilitate the use of gamy output with JI,.·fathcad. This line

read: write(lout,'(a74)') tWe(l :74). Removal of this line prevented the writing ofa header

at the top of the output file. The Fortran executable was compiled and linked using

Fortran Powcrstation 4.0. An input parameter tile entitled "ganw.par" controlled the

program options. Data were read from tile 4<ndlogTe.dat." The code then calculated an

omnidirectional varlogram with 22 lags at a lag spacing of 450 III and output the results to

file "gamv450.prn."

Input:

• File: garnv.par (Attached)

• File: ndlogTe.dat (Attached in Appendix 1)

Output:

• File: gamv450.prn (Attached)

Data Sources:

See Appendix 1.

Platform:

750 MHz Pentium 1lI, Windows 2000
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T"put File: "gllm\l.par"

Page 5101'69

START OF PARk~ETERS:

Ilcl1ogTe. dat
12:3
1 ~

-1.0e21 1.0e21
gamv450.prn
2:l
450.0
450.
1
0.0 90.0 5000000,0
o
1
J 1 1

... co1umns for X, Y,. Z coordina t.e!>
\ number of varables.c:olumn numbe::-s
\ tri~~ing limits

\file for v':ll:iogram (:HJtP'.lL

\number of lags
\lag separation distance

\1<:1<;1 tolerance
\nUJnber of direclions

0.0 90.0 ~O.O \azm,atol,bandh,dip.dtol,bandv
\standardizE! sills'? (O=no. l.=yes)
\number of vu~iograms

\tail var., he"d var,. v.ur i..og:ram type

Output File: "gamv450.prn"

1 .000 .00000 12 .27778 .27778

? 337.500 ,O!)OOC 20 .15000 .15000

3 583.374 .07813 64 .23438 .23438

4 977.646 .15517 116 .31034 .31034

S 1402.954 .20115 174 .30460 .30460

6 1812.919 .23585 212 .29245 .29245

7 2226,525 .26316 190 .30526 .30526

B 2691.784 .29221 154 .35714 .35714

9 31l3.759 .2B161 114 .38506 .3850&

10 3549.204 .25904 166 .35542 .3554;),

11 4065.109 .22308 130 .30000 .30000

12 4524.179 .18750 128 .28125 .28125

13 4906.392 .16667 lOB .29630 .29630

14 5417.965 .15686 102 .27451 .27451

15 5829. all .19444 108 .25000 ,2S()(]O

16 6291.266 .22340 94 .28723 ,:2(1723

17 6691.583 .21212 66 .272'7:3 .272'13

18 7232.571 .14000 50 .18000 .1BOOO

19 761'"1.592 .12000 50 .160M .16000

20 a021. 575 .14706 34 .1470£; .1-1706

21 8578.190 .19231 26 ,19231 .19231

22 8952.749 .25000 28 .25DOO .25000
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Appendix K - Routine Calculation: Indicatur Variogram Fitting for AP-088

Software Used:

Mathcad 7 Proressional

Description:

A shorl Mathead file was written speci fically for lhis task. Data arc read from dala file

"garnv450.prn". This program reads and plots variogram data. A spherical variogram

model (4) is interactively fit to the variogram data and a MSE is calculated. The

variogram correlation length i~ adjusted until t11e MSE reaches a minimum.

Input:

• File: gamv450.pm (Attached in Appendix J)

Output:

• Estimate of Correlation Length in Mathcad File

Data Sources:

See Appendix J.

Platform:

750 MHz Pentium TIl, Windows 2000
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Appendix L - Ruutine Calculation: Conditional lndicator Simulations for AP-088

Sot'twarc Used:

GSLIB program, subroutines, and include files: ACORNI.FOR, BEYOND.FOR,

CHKNAM.FOR, COVA3.FOR, GETTNDX.fOR, KSOL.FOR, J.OCATE.FOR,

ORDREL.t"OR, PICKSUPR,fOR, POWINT.FOR, SETROTFOR, SETSLJPR.FOR,

SISIM,F, SORTEM.FOR, SQDIST.FOR, SRCHSUPRfOR, sisim.inc

Compiler: Fortran Powerslalion 4.0

Description:

Conditional indicator simulatiomi of'Culcbra high transmissivity zones were generated

using the GSLIB routine "SISIM.f" A small section oflhc source code (lines 83-10) of

the GSLJR routine "SJSTM.f') was moditled to facilitate the use DOS batch files. The

following Jines \Vere modified:

c
c Get the name of the parameter fik - try Ibe default name jf no input:

c
write(~ ,.) '\Vhich parameter file do you wam to \lse'J'
read (*,'(a40)') str
if(str( I: I ).eq.' ')str='sisim.par
inquire( fiJe:::str,cxist:::-kstll)
it{.nouestfl) then

write(*, +) 'ERROR - the parameter file does not exist,'
write(",*) , check for the file and try again '
\-\'Tite(" ,..)
if(str( I:20).eq:sisim.par ') then

\vrite(",*) I cre.ating a blank parameter mc'
call makcpar
write(·,·)

end if
stop

endif
opc.n(lin,file.c:slr,status='OLD')

to read:

c
c Gclthe name oCthe parameter file· try the uefaull name ifno input:

c

L C01\·lMENTED OUT RY RlvlHOLT 5/15/02
c
c write(t,~) '\Vhich parameter file do you want to lIse':-"

c read C'"(;140)') sIr
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c it1str( I: 1),eq,' ')str='S[SHl1.par
0;; il1quin:(file...:str,l::xisr-'tcst ilj
c it(not.test.fl) th.::n
C wJ'jte{*,~) 'ERROR - the pal',imo;;lcr fik di)o;;~ not exist,'
C write(*, *) , check Cor th~ fift:: dmi try agai!l I

,: write( 8, *)

c if(:m( I :20).eq.'sisim.pal' ') lh~n

c V.'Titl~(+, *) I creming a bhlllk paramo;;ter tlL~'

c call makepar
c wrile(*,")
c end if
C slop
C cndif

open( Iin, ti lc-,'sisi m.par', slat1ls='OLU')

A Forlran execulable (si~im.cx~) \vas created using rorlran PoweT~lHtion 4.0, An input

parameter fi.le (slsim.par) conlrolled the program options. An example parameter fi Ie

Wilh explanation of parameters is shown hclo\\!.

P'ramcrc:s fur SrSIM

3
H
1
I)

()

2001)00.(
11 n 0.0
uO.5

o
(I U
-.0001 2.0
0.0 1.
! n.t!
I l.
I 10
he !ll:lt. til

6
2
~i-sin1,db~

,i~lm.()ut

10
<~7 ~Ol mo.
~1) 35M~IIO.ll

I 1.0 l.tl
XS:-i') ,J?

S

STAR I Of PARAMETERS:
r) ··.I-conliillJOII,(;:dt). O~a{cg(lncaj (<>JO -- \Vc simuh,t~11 a ealelluric.~1 ~andom "uri~ble

"2 "'numbcr (/'lr~",hultl~lc:;rcp;{l:t"s 'We used Z CMtl'gol'ies (O=high T, 1'=1"", T)
U I Ithresholds .. CG!eg(1ri~s C~tegllr~'IMbel (O=hil:h T. 1=:low T)
O,27illl.722 '-glob.. I .if/ j>df f~"rdon or ~'ldl ute!':00 in tIle dala
ndt(I~'Ic.d.lt '-.ik wilh dUI,,' CQlItainlnll :lllgoritlll dilt;) for each wtll "ilh (U=hi\lh T, 1=lowT)
I 2 ' 6 -=(lIIl':III~ to ,.L ~II(\ \'sn!hle 1,llIiute. lh~l Cate~nricllld"ra is contliinetl III ,'(llumn 6
haliteg.t1,11 I,fi!e ·...ilh smi mtJi 'aIM In;:>UI Sof! d'll, arOU'ld lYells ItRoln the halite rq::ioll
1 _ .' "5 !':olumr.s l"<>, X,Y,t.. ~mJ lIld,cslors· ludic:uor.< lllr ~\ig.h T ir, cnb:Ln 4, Iohiicslors f,~r Lo'" 1 in ('ohlmn 5

NUl!' ,Iml rile u)/(Il "Jlllnl: ol:mlll> /llltH .<r/ln ;(1 I
..../>.'larko\'-(Jilycs $.im'llalic·n (0 no, I=yesl
" calibc<"I\iOl1 H(7.) "illues
'-.11 j,m ins l!:llitS
\nlll'l1mUrn <llId ilia Ilt:U'" dat.1 \'~Iue () nnd I for l:~legol'ic31 "lIrlRIJ'l'1

'(uwel 1:;,1 "[JIIlIa <fllll p~ramel"r :,\·olu~cd· dl/ll1l11)' vaJu(!s
'. Iddlc uplion 3"(\ ;w,II'l' cr - "ul used - dummy v,lIues
'~ppel mill''' n ud p.Hsmelel Qt u~cd - t111mRl)' Yalues
\il'wlIhulblll'cO\'slucs ~t)tus(l'd·h~ouRlm}l1Icn311le
'''ul lilli'S for '..~ri~bk \\' l~"( . ul",ed· lIuullt1}' value,
\.rol.lus.'m~bel: i1.1.2,.l
\r;k fOJ dd'llg.'lng U'llp',"

\lik for simui"lioll f>::tpU!

"'nnl'i'.bel Ili ~ :l"7.atiu:t~ We ehusl' I rUll 1(1 .illlul>ltion<.1 K liull'
:>0.0 '-"x.,'m .•XSIZ I umber of.\ Mllp.~. minlrnllul x \'alue. dd13 \

SO.n \n~',Yl, 11.)';17 - Numbc.· ofy nul1l' , minimum) ,', hi;;" dclt:'}'
'.n~."II)li.nI7" UIIIIJ~r' ofz nod,'S, minimuIII? '·sl"o. delhi ~ .. rh' simulalioll is 21)

\r""<'lOIl'l numb<l 3ce-1 - Vllrll'(! het".cn 10 ,urfercnl rUIl 10 e:enenHc 100 rllrrercnl illlllls!lulI'
':::axilll'.1111 (In:pnal da{~ :....r c8<:h ·:igins-. dl~r~d In yield ,illlulnliont wn,isilluf with cuuC"I",,1 IIIMlcl
'JlI(\xinl1lRl [In:\';l'l''' r,,'ld.:s fut e,\ II knging elected 10 .Id<l simuhiliuu ,'ons 'lcnl "itlo conn'plllal mulld
\m.1\ln,um S,)t'J I~,hcalor 100 tin kngil1g- ~clcelcll 10 'jeld ,irnlJl"liOII~ennSis((!'l' "lrh con' .ptuallTlod,·1
'ol!ssign dac. :0 r.<:,!l:s 0-'-'0, l=y<$'1 .. Selecled 10 ~i'ld ,itnul.lliont consislcnl witb conceVlual nau\I~1

"Jl1ul1illl t(ril1 ~':~I"h" f!1=nu,l=:ycsJ.num ~o mulIlple l:r1(1 eareh, duloull)' \·srb.hk
:Jn~)(imump.:1' tAllI I =IIQ u~:.'cl

200000 n 2(lO(IOO.O 'l11a :fIlUIlJ ;C3rch rdoH !\et hlr~e to insure 1I114( d.1I3 are u,ed
O. "ll11~es t'rlr ,cal\:h elll,ISOld - Indicating ""Irop'" ~earch

'.) hllllK. =on dlJn ~ppro". C'lJlClffl FilII indiclllor ~ril!:in£

... =~K, I-OK - 'illll)1 kri~iul: r~qulred ,,~' Iheor~ .
0.<0 \Dn~ /'lSI. nugg.:. ct1ce~ .. \' riflgrarn ror higb l, nUI:I:0I ~ff.cl =U
0201 o.n 0.0 0 O',1t,c•.• ~ngJ .<;rle),sng.J V~ringram IYIll' :> spheric.] I, sill \'alue, rul:orion 3ngl~s =0 b..,'3IlSC isotl'Ol'k

1....90. 17'Xl. L ',,iJ )U1I"', ~_h~.,i/'l. ;;_",,,.. - C"rrdotinn len::lhs \=:y![) isotropk
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0.0 ',One ns!, nU~~~i eflect Varingnull rOI' low T, lIuggel df~n = 0
0,2111 0.0 O.n 0 mit,cc.~n~J ,angl,ang3 V3rlo:.:rAI11I~'1'"= ,pbHical. Sm volue, TU[3nnn ~ngles;;l) tH:CKU~f i50rrnpi~

l190. )7<)0. ]. \11 hm~X. a_hmm. ~\_·.'crt - Currfl11linn Il'lIglhs l=Y ZD isolrupk

Conditioning data are read from file "ndlogTe.dat." Soft data [or conditioning arc read

from "haliteg.dat" All 10 l.:onditional indic.ator simulations are output to "sisim,ouC as a

single vector of I '5 or O's.

Input:

• File: sisim.par (shown above)

• File: ndlogTc.dat (Attached in Appen<1ix 1)

• File: haliteg.<1at (file halite.txt of Appendix (I)

Output:

• File: sisim.out (Attached)

Data Sources:

Appendix J and Appendix G

Platform:

750 MHz Pentium llT. ¥lindows NT 4.0
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This parameter file directs output containing indicator values witJ] x, y, and z coordinates

to file "rOlcord.ollt." for each nfthc tcn realizations, this-code is re-nm with a nc\v

parameter file (c.g., R02.p(:lT f()r realizatiol1 2) and 3 different outpm file (e.g"

r02coord.out for realization 2). The se<.:ond and third characters in hoth thc *.par and

*coord.out files are varied to refle<.:t the realization.

Input:

• file: R** .par (Shm'lm above)

• File: sisim.out (Described in Appendix L)

Output:

• file: r**coord.pm (Attached)

Data Sources:

See Appendix L.

Platform:

750 MHz Pentium III, Windows NT 4.0
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Appendix 1\'1 - Routine Calculation: Adding Coordinates til Conditiunal Indicator

Simulations for A P-088

Software Vsed:

GSLIB program: ADOCOORD.FOR

GSLlB subroutines: CHKNAM.FOR, STRLEN,FOR

Compiler: Fortran Powen,tation 4.0

Description:

Output 1'1'0111 the conditional indicator simulator docs not contain coordinalcs ami all 10 of

the simulations are contained within a single output file. The GSLIB program

"ADDCOORD,FOR" separates the individual simulations and adds coordinates to the

indicator (lUtput. To facilitate use orthis program with DOS batch files, the following

lines of source code in ·'ADDCOORD.FOR" \-vere commented out.

COMMHITl'U OUT BY RMHOL1' 5/15/Ol
wrile(o.. l 'Which p;H~mcrcr fil~ t10 )'DlI want In u~~:'

read (~,'(a20n s[r( I:20)
i ({sIr{ I: 1),cq.' ') sIr( [:20):-: 'adclcooTll.l',n
inquirc(file=Slr( I:20J.cxisl=I~Slll}
if(.nuU~tt1) thcn

writ.:-(·:) 'ERROR' the ranlmc·lt·j file (1<>--,; n()ll:~i;;t.'

",'Ii11:(*.-) , chcck fur the tlle and lry ag'l in'
wrilc(",,)
ifi,str(l :20),tq.'adckoord.pilT ') thcn

writc(O, OJ' I;re<lring 3 blank l'ar~tHC1cr file'
call makepiH
write(O,-)

er.<I1f
~[(JP

~ndir

opcn(lin.rLle=slr( I :20),~tll'.us='OLJ)')

c
c
c
C
c
C

C

G Find Start ofP.r-.llnelcrs:

e
c
C
c
C

c
c
c
C

G

C

c
c L r~d(lin:(a4)'.cnd=9&lslr(1:4i

c il\Mr{1 :4).lle 'STAR') SO Iu I
c END COM",rENTFD OUT

A parameter file controls this program. An example parameter file (R01.par) is shO\VI1

below.

siSlm.oul
10 ICQr<'1 oul
1
447 601700.0 50.0
~13 W>6500.0 500
I 1.0 1.0

\lile willi d~la

',./lIe for OutpUI

IrC'.ali7.alil>o number
·'nx.xmJ~_x.&il

\ny.yn1n>)""i7.
'·H7..7.mn,ZSl:l
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Appendix N - Routine Cah.:ulation: Cakulatiun nf I\·Iean TransmissiviL~' Fields for

AP-08S

Softwan~ Used:

program: meantsim.for ('Hincn by R. \of Hult)

Compiler: Fortran PO\verstation 4.0

Descriptinn:

A simple Fortran routine was developed to <lpply the equation (3) to the Culebra model

domain (program listing below). Program "meantsilll.for" requires a simple parameter

file that contains a three character realizalion name (see below). This program reuds in <l

series of data t1les that contain either depth or indicator dat.a at each grid point in the

Culebra model domain. File "depths.dar' contains the depth of the Clllebra al each grid

point. File "dinds.dat" contains an indicator function lhal is l when the grid point

location falls in the region \vherc Salado dissolution has occurred and 0 otherwise. File

"middlezoncs.daf' contains an indicator nmc:tion that is I when the grid point location

falls between the zone of Salado dissolution and the. region where halite is present in

eiLher rn2/112 or m3/h3 and 0 otherwise. File "h2ind.daf' contains an indicator function

that is I when halite is present in the m2/h2 inlerval at the grid point location and ()

othenvise. File "r**coord.ouC' contains an indicator function that is 0 \vhen the t.'l'id

point falls in a high transmissivity zone and I otbenvise. NoLe lhere arc 100 different

"r**coord.ouC' files that have stochastically varying locations of eulebra high­

transmIssivity lanes. Each 0r these files has a unique name \\lith the reaIi ;r,ClLion nU11l her

occupying lhc ""'*" pottion of the Illc name. rhe program also opens tlu'ee output files.

File "ruT-out" contains the UT:vIX, UTjvlY, log[transmissivity (rn/s)]. and

transmissivity (m/s). File "r**T.IXC is a comma-delimited tile containing a grid point

counter and logrtransmissivity (m/sn Fik "r"""cntr.lxL" which is conuna delimiLed fik

containing a grid point counter, the LTMX coordinate or the grid point, and the UTM'r'

coordinate of the grid point. The la,~tlwo Illes are used for visualizalioll of the

transmissivity field using GIS solh....are.
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Thc program opens all files and then loops over all grid points. Ir reads the depth and

indicator v,llues from input files, estimates the log transmissivity u~ing equalion (3), and

writes the results to the output files.

Input:

• File: r**T.par (See below)

• File: deptlJs.dal (file isopach. txt from Appendix F)

• file: dinds.dat (Fllc p_dissolutiol1.txt from Appendix H)

• File: middlezoncs.dat (File p_mludlczone.Lxt from Appendix H)

• File: h2ind.dat (File pJlalite.lxt from Appendix H)

• File: rUcoord.dat (See Appendix M)

Note: '**' corresponds to realization number

Output:

• file: r"'*T.out

• File: r"""'T.txt

• File: r**cntr.txt

Note: -**, COJTesponds to realization number

f)nta Sources:

See Appendix F, Appendix H, and Appendix M

»Iatfornl :

750 IvtH7. Pentium lll, Windows NT 4.0

Prognull J,isting for "mcantsim.for"

pwgr~m me<tlll~illl

Tlus pmgram n:ads iii rCY\lirc<f d.ala fUI It;gf<'5~inn ~sl;Il\Mion 0;'·

ln~ rn".tJ1l nfCult!or.l1ogT.

p~r:ilrn"t"l (NX - 447)
parameler (1':Y =6J3)
parameter (b 1 = ·5 A4 1)
p('lal1lett!r (b~ '- -4.03be.3)
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p3ramctCr 1113 = 1.926)
parameter (b4 = 0.678)
pu"ml~ler (ll5 ,. -UI)

rca I X,Y.Z,h2,mz,di.djllh,hl.logT.T
chardcl~r str~3

rcad(21 :(a3)') str

open(22. fi1e='h2inds.dal'.St.ltUs -'old')
opcn(13,f1ltF'middlezoncs.dat',~t2IU!>='OId'}
opcn{24.fiIe:='dinds.dal',~'allls='old'}

Open(25,tilc~'delllhs.dat',sI31\1s='old')
opcn(26,file=slr /I 'cOrQ.olll"Status;;;·old')
open(41.f1le=SlT J1 'T.out',St8111S='Uliknown')
open(42,tile=str If 'T.lXl',Sl.ilnls::'lIlllcnown')
llf'en(43,m~=str Il'cntr.tx~ ,stalUs='unknowll')

clui=I.7
lead(26")

cnduo

Icntr=U
doj=I.NY
dol~l,NX

icntr= l +iClllC
rcad(22,") X,Y,h2
reau(23. 0

) X.Y.01;:
rcad(24,O) X, y.tli
read{25.·) X,Y.dpth
read(26,O) X,Y,l.,hl

logT=b l~b2·d(ltMb3Km:£K( J. ·hl}+(h3 +b4j"uj-bSO h2
T=IO··(logT)

c Output for now mod~ls

wtile(41.IO) inI{X),im(Y).logT.T
c Output for \OisuaJli:£3tion

write(42,O) icnlr::.logT
.....rltc{43, +) Icntr,':.inL(X).'.',illt(Y)

end do
end do

10 fonnat(2(llt.iI4).lx..2{h,cI4.5»
end

Example parameter file for "mcantsim.for'i

File "RO1T.par
r()t

Png 1i2 or .,)
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Appendix () - Routine Calculation: Procedure for Calculating Mean Transmissl\'it)'

Fields for AP-088

Software Used:

DOS

Des'.:ription:

100 realizalions of Culebra transmissivity \verc generated in 10 groups of lOon 10

different 750 lvlHz Pentium lIT, Windov.'s NT 4.0 computers contained in The University

oOvlississippi Gcoinfomatics Lahoratory- Computations were perfonned simultaneously

and independently on multiple computer platfonns to reduce lhe time of computation.

Separate DOS batch files were used on each computer to launch and control the

pn)ccssing of simulations. All batch t1Ies were the same (sec bel<.n'v'). The batch file first

launches the program "sisim.exe" which then generates I0 equally probable indicator

realizations of Culebra high-transmissivity zones (see Appendix L). it then adds

coordinates to each of the indicator realizalions using addcoord.exe (see Appendix M).

Finally it calculates a mean Culcbra transmissivity field for each realization using

"mcantsim.exe" (see Appendix N).

This hatch file was executed on each of the 10 computers used. Input, Fortran

executable, and batch files were first copied onto cach computer. All files were identical

except for the files "sisim.par" \llihich conLained different random number seeds. The

batch files \1.... ere then launched manually. The resulting diredories \vere copied off of lhe

machines and archived.

Input:

N/A

OUtput:

'\I/A
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Data Sources:

N/A

Platform:

750 MHz Pentium 1II, Windows NT 4.0

Contents: of Tfield.bat

sislm
addc.oord t<ll.pal
~ddcoorrl ril2.flat
addco<lru rtl3.par
addcoord r04.par
addcoord rt)S.par
addooord I06,par
addcQord r<l7.par
ailikoord i<l8,p;'lf
addcoord 1fl9_par
ad.lk;uord rIO_l>M
1I1e1llllSim Ifllt.par
mcanlslm lO21.par
Illea.lltsiru r()jt.par
mcantsim r04l.por
meanlsim r())t.par
mean~im r06t.par
ml:8nl~im rtl7L~r

llleanlsim 1il8t.par
mcantsim lO91.par
mllantsilll rIOt-par
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Appendix P - CD ROM Cuntents

Page 65 of69

All ofthe tiles created in Task 2 of AP-088 arc conlained ' ....ithin lWO CD ROMs. The

directory ~lructure for these CDs is shown below.

Appendix File Structure and File Name Lisl

AP_OilS Task 2

CD#l

• Appendix A
o input

• newdat4_7 02m2.pm
o Mathcad

• Regress Model J .111cd
o Output

• residuals.dat

• Appendix 13
o Input

•
•
•
•

o Output
•
•
•
•
•
•

• Appendix C
o Output

•

•
• Appendix D

o input

culebra_ structure.pdf
drillhole In_numbers.pdf
mstler halite_margins.pdf
salado_dissolmion_and_culvt thickness.pdf

salado. di$soluliorUlew.shp
salt margin ml hl.shp
salt~ margin=n12=h2.shp
sall_margIn_In3 h3.shp
salt_ margin_m4_h4.shp
top cuJcbra,shp

final_points.shK
finalyoints. txt
4a_final. pints.xls

• top culcbra (Arc/Info Coverage)
<" Output

• culebra (ArcfTnfo Grid)

• Appendix E
o Input

•
C.) OutPlll

dem (Arc/Info Grid)

• Appendix F
o Inp\lt

• cukbrn (Arc/Tnto Grid)
• dl:m (ArclInfo Grid)
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o OUlput
isopach

• is.OPliCh.txt-
• qa_isopach.xl$

P:l,gc uf I

• AppcndixG
o Lnpm

•
•
•

o Output

flnal.Jloints.shx
salUllargin m2 ..h2.shp
salunargin m3_h3,shp

• hal ite.txt

• Appendix H
a Input

• linaLpoints~~hr

• finaU.loinbi-lxl
• salado_t1issolution ..ncw.shp
• salt_margin .rn2_h2.shp
• sail margin_m3_h3.shp

a Output
•
•
•
•
•
•

salado_dissolution_qa.pdf
middlezone_qa.pdf
hal ite_qa.pd f
p_middlezone.txt
p_halite, txt
p_dissolution.Lxt

• Appendix I
o Input

• newdat4_7_02m2.pm
o Mathcad

• High T indicator 2.mcd
(.) Output

• inddat.dat
• ndlogTe.dat

• Appendi. .r
0 Executabl'

• gamv,exc
0 input

• GAMV.PAR
• ndlogTc.dat

0:> OutpUt
• gsrnv450.pm

Source Code
• CHKNAM,F
• CHKNAM.FOR
• GAMV.FOR
• GAMV.lNC

• Appendix K
0 Input

• gamv450,pm
o Mathcad

• \'arioview450.mcd
• AppcndixL

o Input
• balileg.dat
• ndlogTe.dat
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SISH"I.PAR

0 Suurce code
ACORNI.FOR
BEYOND.FOR

• CHKN A1...UOR
COVA3.FOR

• GET1NDX.FOR

• KSOL.FOR
• LOCATE.FOR

• ORDR£L.FOR
PICKSUPR.FOR

• pO\VINT.FOR

• SETROT.FOR
• SETSUPR.FOR

SIS[[\,1.f'
SlSI'M.TNC

• SORTEM.FOR
• SQDIST.FOR
• SRCHSUPR.FOR

• Appendix 1\·1
0 Input

ROJ.PAR

0 Source code
• ADDCOORlJ.FOR

• CHKNAM.FOR

• STRLEN,FOR

• Appendix N
0 Input

• ROll.PAR
Q Source_code

• mcantsim.for
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CD #2 - Note that all realization directories are essentially the same. File names vary

as described in Appendix N.

• Appendix 0
0 ne",'h IOr.zip
0 newb09r .zip
Q ncwb08r,zip
<) newbQ7r.zip
0 newi}06r.zip
0 nc\\"b05r.zip
0 ncwb04r.zip
0 ncwb03r.zip
0 newb02r.zip
(> ne ...... bO Ir.zip

EXllmple Listing of a Realization Directory
addcoord.exe Application
meanISIll).CXC Application
sbim.exe App]icaliofl
depths.dar D,tt:i File
dinds.dat Data File
h2inds.dat Data File
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haliteg.dat
middlezones.dat
ndlogTe.dat
sisim.dbg
Tfield,bat
Ii)! cord.out
rOlT.om
r02cord.out
r02T.out
rlJ3 Icord.out
r03T.out
r04cord.ollt
r04T.ollL
r05cord.out
r<J:H.out
r06cord.out
r06T.our
r07cord.out
r07T.out
r08cord.out
rOlH.our
r09cord.out
r09T.out
rlOeord.out
rlOT.out
sisim.out
ROI.PAR
ROIt.PAR
R02.PAR
R02tPAR
R03.PAR
ROJt.PAR
R04.PAR
RMt.PAR
R05,P•.o\R
R05t,PAR
ROG.PAR
R06t.PAR
R07.PAR
R07tPAR
ROX.PAR
R08l.PAR
R09.PAR
R09t.PAR
RIO.PAR
RIOt.PAR
SISIM.PAR
rO 1cntr.txt
rO ITtxt
r02cntr, txt
r<J2T.txt
I'03cntr.txt
rOn.txt
r04cntr, tXI

r04T,txt
r05cntr.lxt

Data File
Data Fil.;!

Data hIe
Data File
Batdl File
Out File

Out File
Out File

Out File
Out File

Out File
Out File

Out hIe
Out File

Out File
Out File

OUIFile
Out File

Out File
Out File

Oll{ File
Out File

Out hie
Out File

Out File
Ollt File
Parameter File
Parameter File
Parameter File
Parameter File
Parameter File
Parameter File
Parameter file
Parameter File
Parameter File
Parameter File
Parameter File
Parameter File
Parameter File
Parameter File
Parameter File
Parameter File
Parameter File
Parameter File
Parameter File
Parameter File
Parameter File
Text file of node ID and Un,,1 coordinates

Text file of node ID and traTlSmissivity
Tcxt file of node ID and lJTfvl coordinates

Te·xt tile ofllode ID and transmissivity
Text file of node ID and UTM coordinaks

Text file of node ID and transmissivity
Text file of node ID and UTlvf coordinates

Text file of nude ID and lransmissivity
Text file ol'nude In and Un,,'l coordinates
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rOST.txt
rl)(icntr. txt
r06T.lxt
r07cntr.txt
r07T.txt
rD8cntr.txl
r08T.txt
rD9CIltr.txt
r09T,txt
r1 Ocntr.l"l
rIOT.t)t1

Text tile of node ID and transmissivity
Text file ofnode ID and lJTM coordinates

Text file of node ID and tmnsmissivity
Text file of node ID and VTM coordinates

Text file ofnode 1D and transmissivity
Text file of node ID and VTM coordinates

Text file of node II> and transmissivity
Text file of node TO and UTM coordinates

Text file of node ID and transmissivity
Text file of node ID and VTM coordinates

Text tile ofllode ID and transmissivity


