MODEL 1/O

Purpose:
1.) get to know the parameters (what they mean, how to estimate them)

2.) run the model and get afeel for model capability and parameter sensitivity

Approach:

1.) use EXCEL as a pre- and post-processor
Excel (set up aseries of 1-D examples) - macros for file export and import

2.) walk through the input files explaining terms

3.) run example problems which highlight features of the model.



EXCEL Pre-processor

Tabs representing the different model input files

G | |
1 |Title Generate Moisture profile
2 13 iphase = 12 (no gas), = 13 (no NAPL), = 123 (all)
3 T screen output onfoff
4 i) output nodal Hermite data (1 = yes)
5 T da mass balance calculations (1 = yes)
b i) 1 1 number of elements in the x y and z dimensions
7 T 1 flow and transpart salver (0 = direct, 1 = iterative)
g i) time of initial data time definition
4 20000 s0000" Foood' init time print, print int, final time
10 B 10 1,18 iter to incr dt: Sw, Cl:unl:: factar
4|4 p MM space £ well £ be Flow £ be roa £ be rog £ por £ perm £ sat f [| £ graphlcs lsm A s ij_L,.{'s::uIl Aeolz Frotey / |*l|

< / \ / |

Define the o Thingsto try
arid NAPL Node-specific | Main Post-process — given this setup
spacing  well transport in IC'stor Input solutions 1 and 2
definition gasBC's saturation file
Node- Plot of the S-P
flow — NAPL ocific functional defined
BC's i specit
transport in porosity on sheet sm
water BC's Node-specific
permeability

Graphical explanation of
termsin sheet sm
Referenced by line number



Excel file sheet SM (in parts)

OO0 O e | D R —

200"

Ij‘

Ij!
0000001
0.001"
0.007

1 1
10 1.1
15 1.25
20" 15
100 2.00E+00
0.005"
0.o01

2

400

iphase =12 (no gas), = 13 (no NAPL), = 123 (all)
screen output ondoft

output nodal Hermite data (1 = yes) output cantral
do mass balance calculations {1 = yes)
number of elements in the ¥ v and z dimensions grid defiition

time of initial data tirme definition
init time print, print int, final time
iter to incr dt: Sw, Conc, factor
iter to decr dt: Sw, Conc, factor
iter to restart dt; Sw, Conc, factor
if iterfdt = itermx, stop

max ratio of dSewddt

iteration information

time stepping
grf_on, grinc, ngrch, fgreh, gmax GMS output cantrol
number of iterations between Pw and Sw
BiCG Pw convergence criterion
BiCGG, ML Sw cony criterion
BiCE, ML Conc. cony criterion

iteration information



Excel file sheet SM

22

23

24

25

—

26

27

20

29

30

31

32

33

0 =1 list nodes in x and vy, =0 list xmax and ymax (sheet space)
950.6' gravity magnitude
) 0 grid_rotate cow from node 1 about z and y axes, resp
5 .00E-07" base permeahility
124 number of deviations {in file perm.in)
0.34 base porosity =0IL PROPERTIES
) number of deviations {in file par.in) fine grained, well sorted.
1.95 bulk soil density
0 number of deviations {in file bulk.in)
oot 0005 00002 VWP nF
T 1.5 0.0015 Py FFR_F PG F FLUID PROPERTIES
7278 J9.5 31.74 siggw, Signw, Siggn
A | B | ¢ | b | E | F | & [ H
1 1 0.34 * node, porosity
2 2 0.34
3 3 0.34
4 4 0.34
4|4/ » M space £ well £ be_flow £ bc_roa 4 bc_rog b por 4 perm £ sat ,i!\'_|_|_,|{' graphics # sm £ 5P ,.l{'_|
A | B ] | o [ e [ F [ 6 [ H
1 1 5.00ED7 * node, k
2 2 5.00E-07
3 3 A.00E-07
4 4 5.00E-07
4| 4|p M space £ well £ b flow £ be roa £ be rog £ por b perm £ sat a'U.L.-"'-‘ graphics £ sm 4 5-P ,{_[
A | B | ¢ | b | E | F | @6 H |
1 1000 2 ¥ max, v max (if input line 23 =0} dx = 16.60ERS
2
3
4
H'—| 4 » p | space { well £ bc Flow £ bc roa £ bc rog £ por £ perm £ sat ,.:‘f_|_|_.,|:‘:r graphics £ sm £ 5-P ,,{_L,{sn:ull ,{s_cul




PENW

34

35

i

37

35

33

40

41

42

43

S 1-5ir
wetting phase saturation

,.l"‘

0.0 0.15
0

0007 0014
Ij‘

BEO7 0.34
0

0.5 1

045 1

0. 5 1

21

PEGN
015 015
1
3 3
1

when residual saturation =0
then entrapment hysteresisis
ignored

wetting phase saturation
phase pair measured: =1 G-W, =2 MN-WY, =3 G-N

global swr, snnr, snwr, sgr

deviations from global

global asd, asi, naw

deviations from glabal K-5-P model
global saoil upon which alpha was based

number of deviations in soil-type

alfw, nsewl nsew shape parameters for k-Sw

alfn, nsenl nsend nsennd shape parameters for k-Sw

alfg, nseq naeg? ShEIFIE parameters for k-Sw

H 1 ] HF\DDC,{' Space ,{'well A bc flow £ be roa £ be_rog /£ por £ perm ,.{ £ | £ graphn:s 1}-‘sm,{rS F ;{_L,{' temp £ soll A solz £ tatey £

h.(S)=[(S)V"-1]7"/a
m=1-1/n
h.=P./p" g

Effective S =[S-S 1/[S,-S ]
saturation

[
Pr zcale (@) P

decrepsing

1.0 =

| in general & = ay
connectivity (n)

decreas

£ when a, = a capillary hysteresisisignore




I(rw = Sewg{l_ [l_ Sewllm ]m}2
Ko =S, f1-[1- s, ]Um}2m

connectivity
10 decreasing

rw
connectivity can be positive or negative, and in general
0 connectivity for the wetting phase is larger than that for
0 S 10  thenon-wetting phase.

34 T phase pair measured: =1 G-Yy, =2 N-W, =3 G-I
35 0.0F 0.15 015 014 global swr, snnr, snwr, sgr
b 0 dewiations from global
a7 0.007" 0.014 2.1 global asd, asi, nsw
36 i) deviations from global K-5-P model
39 SE-07 0.34 global soil upon which alpha was based
40 o number of deviations in sail-type
41 0.5 1 1 alfw, nsewl nsewl? shape parameters for k-Sw
47 0.5 1 3 3 alfn, nsenl nzenZ nsennd,shape parameters for k-Sw
43 0.5 1 1 alfy, nseql nseq2 shape parameters for k-Sw
44 0.01° 0.001 se_ = se r, limit values of dPc/dS
45 0.01" sfact kr, limit values of Ky

[E I H[\,DOC,{ space & well £ bc flow # bc roa £ bc rog £ por £ perm £ sw / [| # graphics b sm i 5P ;{'_L,.{' temp £ soll £ sol2 £ tobey £
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P solid curves:
C
entrapment = 1
dashed curves:
entrapment = 0
r— ” 1.0
krw
0
38 i) deviations from global K-5-F model
39 AE-07 0.24 global =oil upon which alpha was based
40 0 number of deviations in sail-type
41 0.5 1 1 alfw, nsewl nsewl shape parameters for k-Sw
47 0.5 1 3 3 alfn, nsenl nseni nsenn3,shape parameters for k-Sw
43 0.5 1 1 alfy, nsegl n=seg? shape parameters for k-Sw
44 0.01° 0.001 se g, se r, limit values of dPc/ds
45 0.01° sfact_kr, limit values of Kr
46 1 hysteresis on? 1=yes
L |47 1 entrapment e_r, d/i { == 0) O=instantaneous
— | 48 0.2 b_a, power for alpha chy ( ==0)
49 0.05" 0.075" Sp_min, sr_min, curve restriction parameters
ol 0.001° 0.001 factd facti, reversal tolerance, dr,im
" 4 » H[\\DOC,{' space £ well # bc Flow £ bc roa £ be rog £ por 4 perm £ sw /|| £ graphics bsm { S-P ,,.:‘:_L,{ temp £ soll £ sol2 £ totey /
a=2% |__reversa point
Pe :
| I é\
I scde> 1
X —~Scale>
var 1'Sgr scale=0

asscale getslarge, a = a,




Sp_min - the smallest denominator =

allowed for effective saturation (the . .

. ) Sr_min - saturation must progress at

span’ of the S-P curve :

. least sr_min away from S-P curve
If areversal will generate a curve : )
: s : E 5 endpoint before areversal will be
that istoo ‘tight’ then keep using the : : :
5 _ span of SIC considered
current curve R
" gpan of PDC
s, @s,, S, @S,
ev alﬁmsw, S, Seo alﬁDSW, S,

36 i) deviations from global K-3-P model
39 AE-07 0.34 global saoil upon which alpha was based
40 0 number of deviations in soil-type
41 0.5 1 1 alfw, nsewl nsew? shape parameters for k-Sw
47 0.5 1 3 3 alfn, nsenl nsen? nsennd shape parameters for k-Sw
43 0.5 1 1 alfg, nseql n=seg2 shape parameters for k-Sw
44 0.01° 0.001 se s, se_r, limit values of dPc/d=
45 0.01° sfact kr, limit values of Kr
45 1 hysteresis on? 1=yes
47 1 entrapment e_r, dfi { == 0) O=instantaneous
48 0.2 b_a, power far alpha chg { ==0)
45 0.05° 0.075" sp_min, sr_min, cune restriction parameters
ol Il 0.001° 0.001 factd facti, reversal tolerance, dr,im

M 4 » H[\DOC,{' space A well £ bc flow # bc roa 4 bc_rog £ por £ perm £ sw £ || £ graphics % smi 4 S-P ,,.l!{_|_,,|{r kemp £ soll £ sol2 £ totey /

| ___reversal point

>




43 0.05" 0.075" Sp_min, sr_min, curve restriction parameters
a0 0001 0.001 factd facti, rewersal tolerance, dr,im
51 200" 200 minimum peclet number: water, gas
i M 4k HP\DDC,{ space 4 well £ bc_flow £ bc_roa £ be_rog £ por £ perm £ sw f [| £ graphics bsm ;i 5P ,{'_L,.{' temp £ soll # solz £ tatey /

Peclet constraint - add artificial diffusion to the phase transport problem when you are using a grid that is too coarse for the S-

P parameters chosen.
advection ©x
diffusion

Pe H

where diffusion is defined by the slope of the S-P curve. Diffusion is added by forcing the S-P curve to have more slope than is
natural. Set this number high to add no artificial diffusion.

set high (~200) to turn off, set to ~2 to turn on full

Use the PDC to determine the appropriate grid spacing (try to resolve the PDC over 4 elements)

ideal element size
= 1/4 this distance

If you can't afford to refine as required, can do 2 things:
1. make n smaller than the physical value
2. use a Peclet number around 2.

If you try to resolve the ‘front’ in too few elements you will get oscillations which may
or may not cause problems.

Sheet S-Pisaplot of the PDC for the parametersdefined in line 37 (ai, ad and n)



Linked to sheet sm, plot automatically refreshed.

1 |Compute the 5-F curve for 2 paris of fitting parameters (n, a)
2 e He d He | I h ad ad
3 1 1 0 0 0.52331 2.1 0.007 0.014
4 0.99 0936807 249774 124857
5 098 0973615 3507162 17.53531
B 0.97 0960422 4294707 21.47353 1000
7 096 094723 4973002 2486501
g 0.95 0934037 5585015 27 92508 900 T5-*
g 0.94 0920844 6152684 30.76292 "
10 093 0907652 6688623 33.44311 e
11 0.92 0.594459 7201546 36.00773 S LA
12 0.91 0.831266 7697228 35.49514 _ .
13 0.9 0853074 8179959 40859995 E qpnl o
14 0.89 0.854851 B6.531458 43.26574 = A
15 0.8 0841689 911934 455067 P S ¢ hied
16 0.67 0.828496 95807258 47.90364 2 . * " He |
17 0.86 0.815303 1003913 50.19566 = a0 —2
18 0.85 0.802111 1049512 52 48062 2 n
19 0.84 0738918 109531 54 76545 300
20 0.83 0775726 114.113 57.0565
21 0.82 0762533 118.7189 59.35945 200
22 0.81 074934 1233595 B1.67973
23 0.5 0736145 126.045 B4.02249 oo
24 079 0722955 1327854 BB.39271 ;
25 078 0709753 137 5005 BS.79525 ; 05 1
26 077 0E9657 142 4701 71.23505
27 076 0633377 147.4339 73.71693 effective saturation
23 075 0670185 152 4917 76.24586
[ 4 p M space £ well £ be_flow £ bc_roa £ bc_rog / por £ perm ,{satw graphics / sm % 5-P ,-{'_L,.{'s::nll Asolz £ bo ey ,.I"rJ




Transport parameters

53 0 0 ntr_owe, ntr_og |, 1=yes
54 T projection for MAPL-in-water to gas
£5 | 1.00E+00" 02 0.00001 0.009 alang atran diffw diffg
e 123 0 soil partitioning definition (Koc and Fac)
a7 0 deviations far arganic carbon
e 0.5 thickness aof the tap boundary layer
59 10 0.5 1 rate coeff. def for NAPL to water
B0 0.05" zol. limit {g/em®3) for NAPL to water
_ 51| 1.16E-08 1 rate coeff. def for MAPL to gas
B2 i) sal. limit (g/em®3) for MAPL to gas
53 | 0.000116 1 rate coeff. def for diss. MAPL to gas
B4 0256 Henry's law constant
b5 0 decay constant half life [day]
M 4 » hlﬁDDC,{ space £ well £ bc flow £ bc roa £ b rog £ por £ perm £ sw £ | £ graphics b sm 5P ,.{_L,{' temp A soll £ sol2 £ tobry £

Define kinetic mass transfer rule for dissolved
NAPL vaporizing into the gas-phase

Kow (HC ehc ?)
KnG/W ER(QW)ﬁ1

% water

”| gas-phase

Define kinetic mass transfer rule
for NAPL vaporizing into the

Ky (C*eacp?)
Ky #@R(0,)"

Define kinetic mass transfer
rule for NAPL dissolving into

KW (C*ecW)




restart option: yes when checked.

|C sareread in from the files with an rs extension.

Each time aprint interval is executed the rsfiles are ‘refreshed’ with the solution at that time.
Overrides ‘global 1C’s, but does not override node-specific values.

2l

2t

b

2t

Fil.

|| 71

72

73

i T e T e e e e S

global initial Sw

global initial St

glabal initial NAPL inwater conc.

global initial NAPL in gas conc. Initial conditions
initial conditions from a previous run? 1=yes

# of nobal changes from global Sw & 5t IC

# of nobal changes from global MAY Conc IC I _l
# of nobal changes from global MG Conc IC

M 4 » H[\DOC,{' space £ well # bc Flow £ bc roa £ bc rog £ por £ perm £ sw /|| £ graphics bsm f 5-P jf_L,{' temp A soll £ solz £ katey /

If entry >0 then, list nodal values here.

| S| | oo | T O e b —

13

oo~ 00 m == Wik) —

]

10
11
12
13

—_ —  —a -3 =3 =3 =3 =3 =3 3 =3 3 3

—_ | —a —a —a —a —a -3 =3 =3 =3 =3

1

* node, Sw, St

M 4 » H[\DDC,{' space £ well # bc Flow £ bc roa £ bc rog # por £ perm bsw £ || # graphics £ sm £ 5P ,.{_L;{'temp Asoll £sol2 £totey £




A | B | ¢ | D E | F | 6 | H | 1 | 4 | K
1 2 1 2 * gtress 1 tface, node, be code
2 0 head
3 2 2 2
4 1]
5 2 11 4
B 300 Fame2
“ 7 2 122 4 bc = constant gas head
8 g 300
= k| ] k| —_—
v 15::' 31 1 2 1no E 1o
11 2 2 2 flow flow
13 2 11 4
% ::g BDS 179 4 11 122 bc = constant water head
= 16 300
44| p | M space £ well Wbc flow § bc roa £ be rog £ por & perm £ sat 1{_|_|_,{ graphics # sm £ 5-P Msnll Asolz £rotee f | 1 |

BCs for the first stress period

74
fis
7B
i
fils:
/3
gl
g1
g2
g3

end of period and setup far next

BCs for the second stress period

M 4 ¢ M space bic_Flaw bc rog £ por £ perm £ sw £ || 4 graphics wsm 4 S-P 4 | £ temp £ soll £ solz £ bokry £ J_*l

A B | C | D E | F | & | H | 1 | J | K | L |M E

1 3 0.0008° T i i) 0 node, rate, ffw, fg, cd  cw 20.40945"  inid

2 4 0.000R 1 a 0 0 node, rate, fw, fg,  c.d C_w

4| 4| »|p[% space well £ bc flow & b roa # be rog £ por £ perm £ sat £ | £ graphics £ sm £ 5P ,{_L,{'snll Asol2 fratey £ | 1|




OUTPUT FILES
Category:

Restart files: extension .rs
refreshed every time the solution is printed.

Mass balancefiles:
cmass.out — cumulative mass balance for each phase after each time step
mass.out — mass balance summary for each solution print interval.
masst.out — total mass balance

Bl masst - wordPad

File Edit Wiew Insert Formak Help

Oz || Szl sl =@ &

0.1000 0.99995058
0.2150 0.99995159
0.3472 0.99995243
0.4993 0.99995340
0.6742 0.99995309
0.5754 0.99998320
1.10687 0.99995357
Time mass balance

ratio over time
step (1 = perfect)



OUTPUT FILES
Category:

Solution files:

Hermite data (if enabled): at each node, the function and its spatial derivatives
sw.out, st.out, pa.out, oa.out, og.out

Solution at the nodes: sat.out (Sw, Sn, Sg, Pcnw, Pcgn, roa, rog)
velw.out, veln.out, velg.out (phase velocity components)

Solution filesrelated to Excel:
for each print interval a separate file is generated and numbered appropriately:

sat.out : Sw, Sn, Sg, Pcnw, Pcgn, roa, rog

File Edit ‘iew Insert Formak Help

Oz || Sl ] o=@l @&

| 10000. 0000000000 1000. 00000000000 Lime, dtmax

# node S Sn Sa Ponw Poogn ofw o/ g
1 0.413555 O0.000005%5 0.55643535 159155.1445 127872.95835 0. 000000000 0. 000000000
2 0.413555 O.000005 O0.5586435 159138.1445 127372 .9583 0.000000000 0.000000000
3 O.434645 O.000005 O0.565347 150251.96660 120732.6164 o.00000z122 0O.000000049
4 O.434645 O.000005 O0.565347 150251.96660 120732.6164 o.00000z122 0O.000000049
5 0.451596 O.000005 0.545395 143633.12069 115413.9437 0O.000004512 0O.000000122
o 0.451596 O.0o0oos 0.5458393 143633.1209 115413.9437 0O.000004312 O.00a0o01z2



Example of screen output:

no
flow

71 72

bc = constant gas head

no
flow

bc = constant water head

output during and after atime step for this physical problem

elapzed time time step (dt_critl>
29612 . 3020766984 1000 . ABRARRRAEA
a 164

P - BiCG ¢ 1>

1880 . I0ARBEREEAR

Preconditioned BiConjugate Gradient Sgquared for H,. ITOL =

ITER Error Estimate Alpha
5} A.1ARRAARAD +A1
A.10A888AD+A1

Beta
i a.27888990-13 A.3521358D-84
STw — BiCG € 12

HL_5 1 81 B.9767 B.8080 ©.8233 (8.8982746> B.8H5828 B.88Z2%46

elapsed time
188000 . AlRARAARAA
a 165
1.157487487480741

% SSNAPLSLATEST “1~1D>pause
k

time step <dt_critd

387.6977833801576 1880 . BB ERE

Press an to continue . . .

Saturation convergence info:
it #,
node of largest change,
Sw, Sn, Sg at that node,
(max AS over time step)
L2 norm of nonlinear convergence
Loo norm of nonlinear convergence

Time information
elapsed time (units specified in input)
At for last time step
max At allowed (specified in input file)
# time step restarts due to lack of convergence
# time steps since beginning




EXAMPLE PROBLEMS
Using the EXCEL interface

1.) moisture profile

2.) DNAPL flood

3.) dissolution of residual DNAPL

4.) dissolution and vaporization of residual DNAPL

Seefile 1D.ppt



