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The Study on the Characterization of Colloids in Groundwater (I1)
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Yoshio Kuno*, Shinzo Ueta*

Abstract

Groundwater colloids may act as carriers for sorbing radionuclides released from a
radioactive waste repository. To evaluate the influence of colloids to nuclide transport,
it is necessary to obtain the characteristic data of groundwater colloids (e.g. colloid
concentration, the distribution coefficient for sorption of nuclides on colloids) in the
deep geological media and to prepare the simulation code of nuclide transport with
colloids.

In this study, the groundwater sample was collected from the gallery of the mine
in crystalline rock media to investigate the population of the natural colloids. The
concentration, size distribution and chemical compositions of colloids were measured
by using filtration method. Colloidal particles consist mainly of silicate minerals
and Ca-rich particles. The dissolved organic materials were not detected in the
groundwater. The properties of colloids seem to depend on the host rock type and the
groundwater chemistry. To simulate the in-situ condition of groundwater, chemical
conditions were controlled by varying the partial pressure of CO2 and the colloid
generation in each groundwater was investigated.

The numerical model (COLFRAC) is developed in Ohio state university that
incorporates the mechanism of colloid-facilitated nuclide transport in fractured porous
media. Both equilibrium and kinetic sorption of nuclides onto colloidal materials can
be considered in this calculation code. The guidance to learn how to use this code was

conducted and the user’s manual was prepared.

This Work was performed by Mitsubishi Materials Corporation under contract with
Japan Nuclear Cycle Development Institute.

JNC Liaison : Barrier Performance Group, Waste Isolation Research Division, Waste
Management and Fuel Cycle Research Center, Tokai Works.

* Mitsubishi Materials Corporation
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3.5-1
7 22 35

(10 24 ) 10 31 1 15 1 28
Na(mag/l) 5.8E+00 5.7E+00 5.8E+00 6.1E+00
Mg(mg/l) 1.3E+01 1.4E+01 1.4E+01 1.4E+01
Si(mg/l) 9.3E+00 8.6E+00 9.2E+00 9.3E+00
K(mg/l) 3.9E+00 3.8E+00 3.9E+00 3.6E+00
Ca(mag/l) 6.8E+01 6.6E+01 6.7E+01 6.6E+01
Cl-(mg/l) 4.2E+00 5.0E+00 4.8E+00 4.0E+00
S04 (mg/l) 2.6E+01 2.7E+01 2.7E+01 2.7E+01
NOs-(mg/l) 2.7E+00 2.4E+00 2.5E+00 2.3E+00
IC C mg/l) 3.9E+01 3.7E+01 4.1E+01 3.7E+01
pH 7.6 7.7 7.6 7.6
Eh(mV) 320 300 350 350

Fe <0.1 mg/l

<0.1 mg/l

C <1mg/
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3.5-2 14 12 16
*1 *2
(mg/) (mg/l) (mg/l) 3 wt.%
Na 5.5E+00 5.0E+00 5.7E-01 10
Mg 1.4E+01 1.3E+01 1.5E-01 1
Si 9.0E+00 8.3E+00 6.7E-01 7
K 4.0E+00 3.4E+00 6.3E-01 16
Ca 6.8E+01 6.6E+01 1.6E+00 2
Cl- 4.6E+00
SO42 2.6E+01
NOs- 2.3E+00
IC O 3.8E+01 3.7E+01 1.0E+00 3
pH 7.6
Fe <0.1mg/l , Al <0.1mg/l C <1mg/l
*1:<1.5nm
*2:
*3:
3.5-3 (mg/l)
> 800 nm 800 450 nm | 450 200 nm | 200 10 nm 10 1.5nm
Na 2.4E-01 1.1E-01 1.3E-01 2.0E-02 7.0E-02
Mg 3.0E-02 N.D. 4.0E-02 N.D. 8.0E-02
Si 2.9E-01 N.D. 4.0E-02 1.8E-01 1.6E-01
K 6.0E-02 3.0E-02 4.6E-01 8.0E-02 N.D.
Ca 4.7E-01 4.4E-01 N.D. 3.1E-01 4.0E-01
IC 5.0E-01 2.0E-01 1.0E-01 2.0E-01 N.D.
N.D.:
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3.5-4 1 (mg/l)
> 800 nm 800 450 nm | 450 200 nm | 200 10 nm 10 1.5nm
Na 3.4E-01 1.9E-01 N.D. 9.0E-02 1.2E-01
Mg 1.1E-01 1.4E-01 N.D. 9.0E-02 9.0E-02
Si 2.7E-01 1.0E-01 2.2E-01 2.2E-01 N.D.
K 1.5E-01 8.0E-02 2.1E-01 8.0E-02 N.D.
Ca 5.4E-01 4.3E-01 3.4E-01 N.D. 3.6E-01
IC 5.0E-01 3.0E-01 2.0E-01 1.0E-01 N.D.

N.D.:
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pH
PCO2=1035%tm PO2=1007atm
Fe

(>0.1mg/l) Ca

PCO2=10-10atm

XRD
PCO2=10-1%9atm 10-6-0atm
PCO2=10-35atm
Ca Ca
Mg Si
3.6-1
JNC-TDB 7 Phreeqc
pH 3.6-2
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3.6-3 3.6-2

pH
pH

pH

Ca2+ + 2ZHCO3 = CaCOs + CO2 +H20

Ca
PCO2 = 10-3-5atm pH8.4
3.5-2 pH7.6
3.6-3 pH
3.5-2
Ca Si Mg
Ca Si
3.6-4 Ca
Ca
Ca
Ca
pH
Ca 1.7E-3M

pH7.2 PCO2=102atm
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1%

Ca

PCO,= 1073-% atm
PO,= 10707 atm

PCO,= 10°1-0 atm

\ l/ — PCO, 107 - 1060 atm

\4\> CaC0, + H,0 = Ca?* + OH + HCO,

Si0, + 2H,0 = H,Si0,

CaMg(C0y), + 2H,0 = Ca® + Mg?
+ 20H" + 2HCO;”
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3.6.2
3.6-1
3.5-2
29mg/I pH 7.6 9.2
3.6-2 3.6-3 Ar
3.6-1
Ca 40mg/l
Ca
Ca
3.5-5
5)
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3.6-3 3.6-6 1
Ca
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3.6-1
*1 *2
(mg/l) (mg/l) (mg/l) 3 W%
Na 5.7E+00 5.5E+00 1.6E-01 3
Mg 1.4E+01 1.3E+01 2.3E-01 2
Si 9.1E+00 8.4E+00 6.5E-01 7
K 4.1E+00 3.8E+00 3.2.E-01 8
Ca 2.9E+01 2.7TE+01 2.7E+00 9
pH 9.2
Eh 340mV
Fe <0.1mg/l , Al <0.1mg/l
*1:<1.5nm
*2:
*3:
3.6-2 (mg/l)
> 800 nm 800 450 nm | 450 200 nm | 200 10 nm 10 1.5nm
Na 5.0E-02 N.D. 5.0E-02 6.0E-02 N.D.
Mg 7.0E-02 N.D. 8.0E-02 N.D. 8.0E-02
Si 4.1E-01 N.D. 1.4E-01 1.0E-01 N.D.
K 6.0E-02 1.4E-01 N.D. 1.2E-01 N.D.
Ca 1.5E+00 4.6E-01 N.D. 4.7E-01 2.6E-01

N.D.:

-30-
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3.6-3 (mgl/l)
> 800 nm 800 450 nm | 450 200 nm | 200 10 nm 10 1.5 nm
Na 6.0E-02 7.0E-02 N.D. 7.0E-02 1.0E-02
Mg 1.2E-01 N.D. 1.0E-01 N.D. 9.0E-02
Si 1.7E-01 1.8E-01 N.D. 3.0E-01 N.D.
K 2.3E-01 N.D. 5.0E-02 3.0E-02 N.D.
Ca 8.5E-01 N.D. 1.3E-01 2.0E-01 N.D.
N.D.:
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3.6.3

3.6-4

3.6-2

3.6-5

1%

1%CO2
3.5-2
pH 7.6 7.3
1% PCO2 = 10-2atm
1%CO2 pH 7.3
1%CO2
1 pH=8.0
pH=8.5
3.6-7 1%CO2
3.6-6
3.6-7 3.6-8
1%CO2
Ca
Ca
Si
3.6-3
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-44-

3.6-4
/| *1 *2
(mg/l) (mg/l) (mg/l) 3 wt.%
Na 5.6E+00 5.4E+00 2.8E-01 5
Mg 1.4E+01 1.3E+01 2.6E-01 2
Si 9.0E+00 8.4E+00 5.7E-01 6
K 4.2E+00 3.8E+00 3.8E-01 9
Ca 6.9E+01 6.7E+01 1.5E+00 2
pH 7.3
Fe <0.1 mg/l Al <0.1 mg/l
*1:<1.5nm
*2:
*3:
3.6-5 (mg/l) 1%CO:
> 800 nm 800 450 nm | 450 200 nm | 200 10 nm 10 1.5nm
Na 1.9E-01 8.0E-02 N.D. 1.0E-02 N.D.
Mg 2.0E-02 2.0E-02 3.0E-02 2.0E-02 1.7E-01
Si 1.9E-01 1.2E-01 1.7E-01 N.D. 9.0E-02
K 1.0E-01 7.0E-02 1.1E-01 N.D. 1.0E-01
Ca 9.0E-01 1.0E-01 5.0E-01 N.D.
N.D.:
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3.6-6
/| *1 *2
(mg/l) (mg/l) (mg/l) 3 wt.%

Na 5.6E+00 5.3E+00 2.5E-01 5

Mg 1.4E+01 1.3E+01 3.3E-01 2

Si 9.1E+00 8.4E+00 7.0E-01 8

K 4.1E+00 3.8E+00 2.8E-01 7

Ca 6.8E+01 6.7E+01 1.7E+00 3

pH 8.5

Fe <0.1mg/l , Al <0.1mg/l

*1:<1.5nm

*2:

*3:

3.6-7 (mag/l)
> 800 nm 800 450 nm | 450 200 nm | 200 10 nm 10 1.5 nm

Na 8.0E-02 6.0E-02 N.D. 6.0E-02 5.0E-02
Mg 8.0E-02 4.0E-02 6.0E-02 N.D. 1.5E-01
Si 3.5E-01 2.2E-01 3.0E-02 N.D. 1.0E-01
K 1.5E-01 N.D. 3.0E-02 1.0E-01 N.D.
Ca 8.0E-01 6.2E-01 N.D. 2.2E-01 6.0E-02

N.D.:
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3.7.2
Ca2* - Na* pH Eh
4)
pH
Caz* HCOs-
pH Ca2t HCOs
CaCOs 9)

Caz* + 2HCO3z = CaCOs3 + CO2 +H20
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Fe Fe?*
Fe2+
10) Fe203 nH20
Fe pH Eh
11)
2Fe2+* + 4HCO3s + 1/202 + H20 = 2Fe(OH)3 + 4CO2

Fe

2, 12)

Si

3.6-3 pH

13) Ca Fe
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4.2 COLFRAC

COLFRAC 1
4.2.1
14 9 18
301
4.2.2
10:00 12:00 COLFRAC
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(1) COLFRAC OHP
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(2) COLFRAC Short Course Exercise
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COLFRAC: An Efficient
Numerical Model to Simulate
Colloid-Facilitated Solute
Transport in Discretely-
Fractured Porous Media

Motomu Ibaraki
Depantment of Geological Sciences

The Ohio State University OHIO

Yucca Mountain Project

* The U.S. DOE is studying Yucca Mountain,
Nevada

* To determine If it's a surtable place to
build a geologic repository for the spent
nuclear fuel and high—level radiocactive

waste ﬁ
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Yucca Mountain Project

* The project involves
extensive scientific study
on Yucca Mountain's
geology, hydrology, biology.
and climate

Numerical studies on
potential migration of
contaminant from the
repository

Traditional Approach for
Contaminant Migration

Reactive contaminant migration is
retarded because contaminant will be
sorbed on solids

e T T
=1 e | T
.y
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Two-Phase Approach for
Contaminant Migration

* Contaminant partition between an
immobile solid phase and a mobile aqueous

phase

— Reactive contaminant migration is
retarded because sorbed solid phase is

- What will happen if solid phase is
mobile?

Maobile Solid Phase?

Colloids exist in ground—water
e.g., clay particles, humic substances,
radionuclides

Originate not only from contaminant
sources, but also from geological and
biological processes

L

LG %
They sorb contaminants :E,& i
TR

r
E— 3w
ey " - ~ .

Ny
0
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Colloid Migration from High-

Level Nuclear Waste Glass
« Bates JK et al. (1992)

—Insoluble plutonium— and americium-
bearing colloidal particles formed during
simulated weathering

—Nearly 100 percent of the total
plutonium and americium in test ground
water was concentrated in these
submicrometer particles

Colloid Transport in
Discretely-Fractured Porous
Media

* JNC

* Supported by Department of Energy and
QOakridge National Laboratory (Lockheed
Martin Corp 19X-SX063V)

« Sandia National Lab
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COLFRAC: Colloid-Facilitated
Contaminant Transport Model

| \ I
| B

.'| e

*» Colloid transport FT

— Fracture lf."' 11

» Solute transport
— Fracture
— Matrix

Colloid-Facilitated
Contaminant Transport Model

[F ] - —
It [ 1] L4
| * 1 1 { 1

* Colloid transport |'|
: i o [ -ﬁ.',”-' Vol
[T e

* Solute Reaction

3

* Solute transport
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Numerical Codes for Colloid-
Facilitated Radionuclide
Transport

» COLFRAC (Ibaraki and Sudicky, 1995)

* Yucca Mountain
» Hwang's model (Hwang, et al., 1990)

Feature Differences between
Numerical Codes - Fracture

» COLFRAC (Ibaraki and Sudicky, 1995,

— Discrete fracture networks
* Yucca Mountain
— Single fracture
* Hwang's model (Hwang, et al., 1990)

— Single fracture
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Feature Differences between
Numerical Codes - Sorption

« COLFRAC

— Both equilibrium and kinetic reactions with
reversible/ irreversible

* Yucca Mountain

— [rreversible only => can create a “extremely”
conservative scenario

* Hwang Model

— Equilibrium reaction only

Feature Differences between
Numerical Codes — Colloid
Transport

« COLFRAC

— Kinetically—controlled filtration and
remobilization of colloids

* Yucca Mountain
— Instantaneous filtration/remobilization
— May not be valid in a fracture

*» Hwang's Model

— Golloid concentration is constant in the
fracture
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Sensitivity Analysis

£
— ] 3] ——

Total and Aqueous-phase
Concentration Profiles
A RPHIFIRGE T TR

* Mobile colloid can
greatly facilitate
contaminant
migration

* Contaminant can
migrate more than %
20 times faster
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Travel Distance Ratio

Travel distance ratio =
Travel distance by
colloid—present

Travel distance by
colloid—free

Travel distance ratio
@ 10% relative conc.

=6m/2m =3 - 5 :J b ;.JL---_ nl-_'-:." _

DHelsnes Along Fraciurs (m)

Contaminant Desorption

* Desorption of
contaminant from
colloids will occur

« Either
instantaneously
(equilibrium) or
slowly (kinetic)

Sorbed Phase Concentration

solute Concentration
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Effect of Contaminant
Desorption

» Slow desorption
(kinetic) tends to
enhance
contaminant
migration

Equilibrium case

(Hwang's model)

shows little
enhancement

Hwang'’s Models (Equilibrium)

* [f Kd is large then contaminant travels as
sorbed phase increases

* Because of equilibrium sorption reaction
enhancement caused by colloid particles
1s somehow limited
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Colloid Filtration

» Retention of
Colloids by
physico—chemical
forces

Filtered Colloid
rd

Fracture Surface

Physico-chemical {

Effect of Colloucl F|Itrat|0n

,
* Colloid filtration ., N l
can retard e ot Qi i

contaminant el 21 N
migration B L
IR‘M = {

F 4.0 1] B0
Dhislancs Mlong Fraciurg {m
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Physical System of
Fractured Clay

Contaminant Source

|52

=
=Ll

[estance Along Flow Direction (m)

Colloid Migration in Fractured Clay

Time = 0.0
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Mobile Colloid Conc. Profile
at 100 days

Effect of Colloid Filtration on
Total Conc. at 5 days
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Effect of Colloid Filtration on
Total Conc. at 100 days

= ==
E i

Effect of Colloid Filtration
on Aqueous-Phase Conc. at
100 days
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Physical System of
Fractured Sandstone

3 Iu

|

Distance Along Flow Direction (m)

Bo.0

Effect of Contaminant
Desortpion Rate on
Total Conc. at 30years
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Effect of Colloid Filtration on
Total Conc. at 30years

Summary

* Adsorption and desorption of a solute
onto mobile colloids can significantly
enhance solute migration

=olute migration may be further enhanced
by slow kinetic reaction relative to
equilibrium reaction (Hwang's model)

Environmentally significant total
concentration values advance much more
rapidly at early time
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Summary

* When the colloids are vigorously filtered,
contaminant migration is not significantly
enhanced

* Environmentally significant total
concentration values advance much more
rapidly at early time

* Prediction uncertainty is likely to be
higher compared to a colloid—free
transport scenario

Summary

* Yucca Mountain model can lead
“"extremely” conservative results

*» Single fracture model (Yucca Mountain
model) cannot describe the nature of
colloid migration in a fracture network in
field-scale




JNC TJ8400 2003-024

COLFRAC

2(1)



JNC TJ8400 2003-024
COLFRAC Short Course
Exercise 1
September 18, 2002

Name:

1. List two main transport processes that COLFRAC considers.

2. How are these two transport processes linked together?

3. For colloid transport, list all relevant processes occurring in:
(a) Fractures

(b) Porous matrix

4. What assumption does COLFRAC use for colloid transport?

5. Explain how COLFRAC handles colloid filtration processes.

oo

i Aq,Mb

A [L1]
M: [ML-3]
Qm: [LT]
b 1/2[L]

6. Let's assume you would like to include the effects of PH and salt concentration on
colloid filtration. How can you incorporate such effects in COLFRAC modeling?
COLFRAC pH

2(2)
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COLFRAC Short Course
Exercise 2
September 18, 2002

Name:

1. For solute transport list all relevant processes occurring in.
(a) Fractures

(b) Porous matrix

2. How are transport processes in the porous matrix and those in fractures linked
together?

3. What assumptions does COLFRAC use to describe solute transport?
1 ) ( )
@ ) ( )

4. Solute transport and colloid transport are linked together by sorption of solute onto
colloid particles. Describe what type of sorption / desorption reactions are considered
by COLFRAC for:

(@) Mobile colloids — solute

(b) Immobile colloids — solute

(c) Porous matrix — solute

(d) Fracture surface — solute

2(3)
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COLFRAC Short Course
Exercise 3
September 18, 2002

Name:

1.What type of reactions (solute-colloid) do you assume at the source. Explain your reasoning.

- 1

2.Describe Langmuir and Frendlich isotherms.
Langmuir Freundlich

- Freundlich S=KC"" (COLFRAC N=1)
-Langmuir  S=S"™[KC /(1+KC )]

c” c>

Langmuir Freundlich (N=1 )

3.Describe kinetic and equilibrium reactions.

- Freundlich %zﬂ(KC—S)

. - 108
- Langmuir S=s HKC—EE]/(H KC)}
B

2(4)
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4 Write an equation to describe Frendlich/kinetic sorption between solute and colloid
particles. Describe all terms.

s B
~ = AKC=9)

5. Which terms represent forward and backward rate constants?

BK
B

2(5)



JNC TJ8400 2003-024

COLFRAC Short Course
Exercise 4
September 18, 2002

Name:

1.Can we use this equation to represent an equilibrium reaction? Explain your reasoning.

B B

2.Why do you see Kd in an equation representing kinetic reaction? Explain your reasoning.

3.Let’ s assume no colloid filtration occurs in a fracture and desorption of solute from colloid
particles are instantaneous. Do you expect colloid-facilitated solute transport? Explain your
reasoning.

4.Assuming colloid filtration vigorously occurs in afracture and desorption of solute from colloid
particles occur slowly. Do you expect colloid-facilitated solute transport? Explain your reasoning.

8 sff10

5.Let’ s assumes sorption reaction between solute and colloid is slow kinetic reaction. Do you expect
colloid-facilitated solute transport? Explain your reasoning.

2(6)
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COLFRAC Short Course
Exercise 5
September 18, 2002

Name:

The objective of this exercise is to familiarize yourself with colloid-facilitated solute
transport in discretely-fractured porous media. We are going to focus on a porous
domain, which contains a fracture. Read data file “sfbase.pre” and write the following
values (with unit)
() Domain size
0.5mx 10.2m
(b) Fracture
1.Aperture and length
1.0x 10* m 10.2m
2.Location
(x=0.25m)
(c) Porous media
1.Porosity and Permeability
0.05 , 864x 10°m/d(1x 10° m/s)
2.Retardation factor
140 [-]
3.Transverse and longitudinal dispersivities
00 , 00
4.Effective diffusion coefficient
7.776x 10°m?d(9x 10° m/s)
(d) Maximum element size
0.5mx 10.2m
(e) Solute propertiesin fracture
1.Dispersivity and Kf
0.1(m) , Kg&px gx 2b72 /(12x p) = 706.02 (n/d)
2.Backward and forward kinetic rate constant (solute-fracture surface)
forward : O(D™) , backward : 1.0(D™)
(f) Colloid propertiesin fracture
1.Dispersivity and Kd
0.1(m), BK=a K=0.1105/0.13=0.85 (m*/kg)
2.Backward and forward kinetic rate constant (solute-colloid)
forward : 0.1105(D™) , backward : 0.13(D™)
3.Filtration coefficient
1.0x 10°(m™)
(g) Solute and flow boundary conditions
( 0.014484 0)
(0.25,10.2) 1.0x 10-2(mol/m3) 1.0
x 10-1(mol/m3)

2(7)
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COLFRAC
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COLFRAC ( )

A Numerical Model for
Two-Dimensional, Saturated
Groundwater Flow and Colloid-Facilitated Solute
Transport in Porous or
Discretely-Fractured Porous Media

0.1

M. Ibaraki

E.A. Sudicky

M. Ibaraki
Department of Geological Sciences
The Ohio Sate University
275 Mendenhall Laboratory
125 South Oval Mall
Columbus, Ohio 43210

September 4, 2002

3(2)
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(Disclaimer)

COLFRAC

preconditioned iterative solver techniques
FORTRAN

Department of Geological Sciences
The Ohio State University
275 Mendenhall Laboratory
125 South Oval Mall
Columbus, Ohio
43210

Telephone: (614) 292-7528
fax: (614) 292-7688
e-mail: ibaraki.1@osu.edu

3(3)
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COLFRAC

COLFRAC

ORTHOM |IN-accelerated iterative solver
(

PRECLD
COLFRAC
2 4
1. (.PRE)
PRECLD ( 2 )
COLFRAC
TECPLOT

3(5)
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PRECLD

COLFRAC
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2_PRECLD
PRECLD
COLFRAC

2.1 PRECLD
PRECLD

“Give prefix of problem filename

COLFRAC
".PRE"
)
PRECLD ".PRE”
2.2 PRECLD
PRECLD

3(6)

".PRE"

".PRE"

(7
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dataiteml
FORTRAN

dataitem?2

dataitem3(maxsize)

FORTRAN
| N
CHARACTER*80
A80 A32
E F
)
200m 500

m/y

0

3(7)

m/y?2

(true / false )

COLFRAC.PRM

(.true., .false. T, F)

(m.y,kg)

(1.0e+3 1000.0
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3 "don”

Porous media zone 1 title
(zone 1 datawould go here)
Porous media zone 2 title
(zone 2 datawould go here)
Done porous media zones
PRECLD "done”

PRECLD 2

3 "done”

DONE = don )

4
bot, lef, rig ”

2.3

title

80

Idiff (Diffusion only)
,true.
Jfalse. No action

Iflow (Flow solution)
,true.

3(8)

".PRE"

ndonen

(Done =

"top,
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Jfalse.

Itrans (Transport solution)
,true.
false.

Ifrac (Fractured/Porous media)
,true.
false.

dual-porosity

Ikdfm (Finite element/finite difference)
,true.

Sfalse. 5
COLFRAC.PRM

ipmsh (Print mesh data)
Jtrue. ( ) ascii (.Ist)

false.
Ipvel (Print Darcy flux data)
true.  Darcy flux ascii (.Ist) file
false. Darcy flux data

Iphed (Print head data)

3(9)
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true. ascii (Ist) file
false.
Idvel (Write Darcy flux data)

.true. Darcy flux binary (.vel) file.

false. Darcy flux
Idhed (Write head data)

true. binary (.h01) file

false. No action.

Iperm (Element/zoned hydraulic conductivity)

true.
COLFRAC

FORTRAN

open(iunit, file=ifile, status='unknown’, form="unformatted")

write(iunit) ne

write(iunit) (ckxx(i), ckzz(i), i=1, ne)
iunit FORTRAN
) ckxx(i) ckzz(i)
(REAL*8)

ifile

1. open UNFORMATTED

2. INTEGER*4

COLFRAC

3. COLFRAC.PRM
(st

3(10)

INTEGER*2

(

binary

Iflow)

REFIX.REK
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false
222
lap (Element/zoned fracture aperture)
true.
COLFRAC PREFIX.FAP

FORTRAN

open(iunit,file=ifile,status="unknown',form="unformatted")
write(iunit) nfeh, nfev
write(iunit) (aph(i),i=1,nfeh)

write(iunit) (apv(i),i=1,nfev)

iunit FORTRAN ifile nfeh nfev
( ) aph(i)  apv(i) l
1. open UNFORMATTED binary
2. INTEGER*4 INTEGER*2
COLFRAC

3. COLFRAC.PRM
(.Ist

false
223

Islice (Flux crossing a plane)
true.
/

3(11)
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( )
Ist
PREFIX.FAC 1
COLFRAC
(.Ist)
false
Irstrt (Restart)
true. PREFIX.RST COLFRAC
PREFIXO.RST COLFRAC
(o’
)

false. Section 2.2.6.

kinec (kinetic reaction between solute and colloid)
true.
false.
klangc (Langmuir reaction between solute and colloid)
true. / Langmuir
false. / Freundlich
ksrbst (Sorption start time at source)
true.
false.
ksrbaf (Sorption type at source)
true.
false. -

kinef (kinetic reaction between solute and fracture surface)

3(12)
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true.
false.
klangf (Langmuir reaction between solute and fracture surface)
true. / Langmuir
false. / Freundlich
klist (Print concentration values)
true. ascii (.Ist)
false. ascii (.Ist)

kmslmp (mass lumping formulation for matrix assembly)

true. (Langmuir) Mass lumping
false. Consistence formulation Freundlich
2.3.1
Xxmin, xmax
x (L)
Xxmin Xmax
(0.0)
Xxmin Xmax
.echo
zmin, zmax
z L zmin
Zmax
zmin zZmax
" .echo”

dxmax, dzmax

dxmax

dxmax

3(13)
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zmin  zmax

”.echo”

nseed

2.3.2 Porous media zones

btitle(mxzone)

“Done”

xbmin(),xbmax()
x-values (L)

zbmin(),zbmax()
z x-values (L)

ckxx(),ckzz()
X z (L/m)

al(),at()
(L)

dstar(),por(),retard()

2.3.3 Fracture zones

PRECLD

3(14)

80

isoperimetric
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2.3.3.1 Regular vertical fracture zones

vftitle(mxzonev)
80

“Done”

xvifmin(),xvfmax()

L)

zvfmin(),zvfmax()

z(L)

vspace()
(L) xvfmin() xvfmax()

vspace() zvfmin() zvfmax()

vepase()  xvfmin() xvfmax()
zvfmin() 1

alfracv()
(L)
alphafv()
T
betafv()
@m
smaxfv()
(Langmuir )
apv ()
(L)
alfracmv()

(L)

3(15)
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ftfracv()
(L)

alphacfv()

betacfv()

smaxcfv()

(Langmuir ).

2.3.3.2 Random vertical fracture zones

fxmin

fxmin

fxmin

nnxm

nnxm 2

nnxm

nnmx 3

rvftitle(mxzonev)
80

“Done”

xrvfmin(),xrvfmax()

(L)

zrvfmin(),zrvfmax()
z L

3(16)
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rvdens()

= AREA ;one *

rvdens()

rvimin(),rvimax()

rvunder(),rvover()

"true’
" false”

alfracv()

alphafv()

betafv()

smaxfv()

apv ()

alfracmv()

ftfracv()

rvdens()

(uniform probability density function)

(L)

zrvfmin()
zrvfmin()

zrvfmin()

L)

()

(Langmuir )

(L)

(1L)

3(17)
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alphacfv()

betacfv()

smaxcfv()

2.3.3.3 horizontal fracture zones

hftitle(mxzoneh)

xhfmin(),xhfmax()

zhfmin(),zhfmax()

hspace()
(L) zhfmin()
xhmin()
Zzhmax() zhmin()
alfrach()
alphafh()
betafh()
smaxfh()
aph ()

()
(Langmuir )
80
“Done”
zhmax()
xhmax()
zhfmin()
(L)
()
(Langmuir )

3(18)
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alfracmh()
(L)
ftfrach()
alphacfh()
betacfh()
(L)
smaxcfh()
(Langmuir )
2.3.3.4 Random horizonal fracture zones
fzmin
fzmin
2
fzmin
nnzm
nnzm 2
2 nnxm
nnmx 3
rhftitle(mxzoneh)
80
“Done”
xrhfmin(),xrhfmax()
L)

3(19)
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zrhfmin(),zrhfmax()

rhdens()

= AREA ;one *

rhdens()

rhlmin(),rhimax()

rhunder(),rhover()

rhunder() ”.true’

" false”

alfrach()

alphafh()

betafh()

smaxfh()

aph ()

alfracmh()

rhdens()

(uniform probability density function)

(L)

xrvfmin()

L)

(Langmuir

3(20)

z(L)
2
xrvfmin()  xrvfmax()
xrvfmin()
rhover()
)
L)
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ftfrach()
(L)
alphacfh()
betacfh()
smaxcfh()
(Langmuir
2.3.4 Flow boundary conditions
2
1. (Dirichlet 1
2. (Neumann
3
regions 6
“ done’
2.3.4.1 specified head fill segments
“fill segments”
hsside(maxbc)
fill  segments 80
segments
3 ‘Rig, "Lef', "Top' ‘Bot'
hsmin(),hsmax()
hsmin()  hsmax()
z
hsstrt(),hsend()
hsstrt() hsend() fill segments
hsmax() segments

3(21)

)

point values, fill segments
3

“Done”

hsmin()
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segments
hsstrt()=hsend()=
2.3.4.2 Specified head points
point value X z
hplabel(maxbc)
point value 80

“Done”

hpx(),hpz()
hpx()  hpz()

hpval()
hpval()

2.3.4.3 Specified fluid fill segments

fill segments
fsside(maxbc)
fill  segments 80
segments
3 ‘Rig, "Lef', “Top' ‘Bot'
“Done”
fsmin(),fsmax()
fsmin() fsmax() fill segments
X
z
fsstrt(),fsend()
fsstrt() fsend() (L/T))  fill segments
fsmin()  fsmax() segments
segments

fsstrt()=fsend()=
Darcy

3(22)
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(q=- K dh/dx) PRECLD

2.3.4.4 Specified fluid flux points

point value X

fplabel(maxbc)
point value

“Done”

fpx(),fpz()
fpx()  fpz()

fpval() Fpval()
(L4T)

2.3.5 Transport boundary condition (

3
1 (Dirichlet, 1
2. (Neumann, 2
3. 3 (Cauchy

3(23)
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2.3.5.1 Decay constants

decay_s

decay_1

decay_3

decayv3

decayh3

2.3.5.2 Specified concentration regions

dctitle(maxsrc)
80

“Done”

xcrmin(),xcrmax()

(X=0.0)

Xmax

zcrmin(),zcrmax()

(z=0.0)
max

crval()
(M/L3)

crmval()

3(24)
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(M/L?

cron(), croff()

( ) cpoff() = -1
cronM(), croffM()

( ) cpoffM() = -1
2.3.5.3 Specified concentration points
cplabel(maxsrc)

concentration points 80
“Done”
cpx(), cpz()
X z
cppanel()
1
cpval()
(M/L?)
cpmval()
(M/L?

cpon(), cpoff()

( ) (T) cpoff() =-1
cponM(), cpoffM()

( ) (T) cpoffM() = -1

3(25)
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2.3.5.4 Third-type concentration fill segments — Aqueous phase solute

c3sside(maxsrc)

3 fill segments 80
segments
3 Rig, "Lef', "Top' "Bot' “Done’

c3smin(),c3smax()

c3smin()  c3max() 3 segment

c3sstrt(),c3send()

segment (m/L?) segment
c3sstrt()  ¢3send() segment
(m/L3) c3smin()  c3smax() segment
3 segment
( ) ( )
segment

c3sstrt()=c3send()=

c3son(),c3soff()
segment (M/L? (T) c3soff()
=-1

2.3.5.5 Third-type concentration fill segments - Colloid

c3ssidec(maxsrc)

3 fill segments 80
segments
3 ‘Rig, "Lef', “Top' ‘Bot'

“Done”

c3sminc(),c3smaxc()
c3sminc() c3maxc() 3 segment

c3sstrtc(),c3sendc()
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segment (m/L?)
c3sstrtc()  ¢3sendc()
(m/L3) c3sminc()  c3smaxc()
( ) ( )

c3sstric()=c3sendc()=

c3sonc(),c3soffc()
segment (M/L3)
c3soffc() = -1

2.3.5.6 Specified solute flux fill segments

( )
fill segment
cssside(maxbc)
fill segments 80
segments
3 ‘Rig, "Lef', "Top' "Bot'
cssmin(),cssmax()
Cssmin()  cssmax()
z
cssstrt(),cssend()
cssstri() cssend() segment
cssminc() cssmaxc() segment
segment
cssstrt()=cssend()=
csscst(),csscend()
cssest() csscend() segment
cssmin() cssmax() segment

segment
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csscst()=csscend()=

csson(),cssoff()

(M
csson() 0.0 cssoff() -1.0

2.3.5.7 Specified solute flux points

sstlabel(maxsrc)

‘Done

sstx(),sstz()

sstval()
(M/T)

ssteval()
(M/L?

sson(),ssoff()

)
sson() 0.0 ssoff() -1.0

2.3.6 Initial conditions for transport

" rstrt” "true’
( ) "Irstrt”  "true’
PREFIX.RST COLFRAC

cinit

ictitle(maxsrc)

cinit “Done'
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xicmin(),xicmax()

X
(L)
zicmin(),zicmax()
z
(L)
diffic()
(M/L3)
cminit
icmtitle(maxsrc)
cminit "Done
xicmmin(),xicmmax()
X
(L)
zicmmin(),zicmmax()
z
(L)
difficm()
(M/L3)
csinit
icstitle(maxsrc)
csinit
"Done
xicsmin(),xicsmax()
X
(L)

3(29)



JNC TJ8400 2003-024

zicsmin(),zicsmax()

(L)
diffics()

(M/L?

2.3.7 Slice data for flux calculation

slice_type

‘Row!

xslice

2.3.8 Non-varying physical parameters

diffus
(L4T)
diffusm
(L4T)
velfac
)

rho

(M/L?
visc

(M/LT)
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clamda
1 @m).
clamda = In(2)t¥2
clamda
grav
(LIT?

2.3.9 Solver parameters
north

ORTHOMIN
maxitf

ORTHOMIN
norderf

. norderf =0 (natural ordering); norderf = 1 (RCM ordering); norderf = 2 (minimum degree

ordering).

levelf
L/U

dptolf

(drop-tolerance)

epsrnf

(drop-tolerance)

ctolf
ORTHMIN

ctolf
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rrctolf

maxit

norder

norder =0 (natural ordering); norder = 1 (RCM ordering); norder = 2 (minimum degree ordering).

level

dptol

(drop-tolerance)

epsrn

(drop-tolerance)

ctol

rrctol

isymstp
isymstp™

isymstp =5

iacl

ORTHMIN

ctol

rrctol f

rrctol f

(symbolic factorization)

iacl = 0 (conjugate gradient); iacl = 1 (ORTHMIN) ; iacl = 2 (CGSTAB).
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iacl =1
dt
(M.
dtmax
(M.

cstar

COLFRAC
COLFRAC dt

dt_ next=  max (dtmax, cstar * dt_current / dcmax)

dt_current:
dt_netx:

dcmax:

tw
Time weighting factor
tw = 0 (explicit); tw = 0.5 (Crank-Nicholson); tw = 1.0 (implicit)
tw=1

nts

times
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2.4 PRECLD Output Files
PRECLD

PRECLD

e PREFIXO.ECO PRECLD

COLFRAC

e PREFIXO.GEN COLFRAC

e PREFIXO.XYC X, Z
FORTRAN

(ascii) PRECKD

PRECLD

(ascii)

(binary)

open(11,file=dat_id(:flen)//'0.xyc’,status="unknown’, form="unformatted")

write(11) nn

write(11) (x(i),z(i),i=1,nn)

close(11)

DAT.ID(:FLEN)
PRECLD

e PREFIXO.INC
FORTRAN

FORTRAN
"O0.XYC”

open(12,file=dat.id(:flen)//'0.inc',status="unknown’, form="'unformatted’)

write(12) ne

write(12) (in(1,),in(2,i),in(3,i),in(4,i),i=1,ne)

close(12)
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e PREFIXO.REZ (binary)
FORTRAN

open(13,file=dat.id(:flen)//'o.rez',status="unknown’, form='unformatted)

write(13) ne
write(13) (izone(i),i=1,ne)
close(13)

e PREFIXO.HFZ (binary)
FORTRAN

open(15,file=dat.id(:flen)//'0.hfz',status="unknown’, form="unformatted")

write(15) nfeh

write(15) (ihzone(i),i=1,nfeh)
write(15) ((infh(j,i),j=1,2),i=1,nfeh)
write(15) (aph(i),i=1,nfeh)
close(15)

e PREFIXO.VFZ (binary)
FORTRAN

open(15,file=dat.id(:flen)//'0.vfz',status="unknown’, form="'unformatted’)
write(15) nfev

write(15) (ivzone(i),i=1,nfev)
write(15) ((infv(j,i),j=1,2),i=1,nfev)
write(15) (apv(i),i=1,nfev)
close(15)

e PREFIXO.ICD (binary)
FORTRAN

open(15,file=dat.id(:flen)//'o.icd',status="unknown’, form="'unformatted’)

write(15) nci
write(15) (nodi(i),conci(i),i=1,nci)
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3. COLFRAC
COLFRAC PRECLD

Darcy

COLFRAC

' Give prefix of problem filename...'

".GEN”
PRECLD PRECLD ".PRE"
COLFRAC
¢ PREFIXO.CON, PREFIXO.COT
¢ PREFIX0.COC, PREFIXO.COF
e PREFIXO.LST COLFRAC (ascii)
COLFRAC
" .PRE”
".LST"
e PREFIXO.VEL Darcy (binary)
[dvel Islice  "true’ 1
Darcy [dvel "true’
FORTRAN
open(9,file=ofile,status="unknown',form="unformatted") write(9)

(vx(i),vz(i),i=1,ne)
if(nfev.gt.0) then

write(9) (vfv(i),i=1,nfev)
endif
if(nfeh.gt.0) then
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write(9) (vfh(i),i=1,nfeh)
endif
write(9) kmbal

Idice  "true’ FORTRAN

write(9) kslice,islice,icut

write(9) (gslice(i),i=1,ip)

write(33) kslice

Idice  "true’ FORTRAN

if(islice.eq.1) then

write(33) nx

write(33) (nodeslice(i),i=1,nx)
elseif(islice.eq.0) then

write(33) nz

write(33) (nodeslice(i),i=1,nz)

endif

4_ Postprocessung
4.1 Plotted output

COLFRAC TECPLOT
“OUT2TECPLOT” COLFRAC  binary
TECPLOT ascii
TECPLOT TECPLOT ascii
binary PREPLOT.EXE
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