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Why GoldSim ?
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GoldSim was developed
by Golder Associates Inc.
It is @ modular and
iconified software. User
can simulate nuclide/mass
transport easily. The
probabilistic analysis is
one of its powerful
functions.
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What is GoldSim - Transport
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Transport — Pipe module
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Transport — Cell module
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What is GoldSim - Probability
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1-D mass transport
(A) Infinite boundary I\/I,MC(t) C(x,t)
1)
=) Y

X

Pulse source

2 . .
C(x,t)= M exp _(x—vt) ) on :pf)rosn)_/[_-] o
nA \/4ntD, 4Dt | Dy : dispersivity in x direction
[L2/T]
M, C(t) C(x,t)

(B) Semi-infinite boundary
23 :
? X

2
C(X,t): M . s X Xp _(X_—Ut)
nA /4rtD,\ vt 4Dt Chen et al.(2005)
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1-D mass transport

Pulse source
(A) Semi-infinite boundary (B) Infinite boundary

Analytical solution
GoldSim-pipe
Numerical solution

Analytical solution
GoldSim-pipe + DLL
Numerical solution

Concentration (mg/l)
Concentration (mg/l)

Time (day)
M, C(t) C(xt)
=)

Time (day)
M,C(t) C(x,t)
= |
& <>

X
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1-D mass transport

Constant Concentration source

(A) Semi-infinite boundary (B) Infinite boundary

Analytical solution Analytical solution
GoldSl_m-plpe . GoldSim-pipe + DLL
Numerical solution Numerical solution

M, C(t) C(xt) M, C(t) C(x.t)
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Conclusion(1)

e Boundary condition of GoldSim pipe module is a
semi-infinite boundary

e Developing and confirmed the Dynamic Link
Library (DLL) function in GoldSim can help user
to connect other software (ex. AMBER)

e Applied DLL of GoldSim to enhance pipe module
[Semi-infinite boundary—infinite boundary]

Institute of Nuclear Energy Research
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Advection-Dispersion (pipe module)

Advection-Dispersion Model (AD Model)

---Continuous model

— Based on mass balance principle. The governing equation derived
from finite difference method. It is not necessary to assume a well
mixed volume element. Generally used to simulate nuclides/
contaminant transport behavior in groundwater.

' g . Q : flux

1 1 1 ;

. ; . C : concentration

1 1 - - -

! _C | Q(C+AC) D : dispersivity
LTI pa €~ T DA Ay T T A : cross-section

X e OX OX
AX

Governing equation

oC4(x,1) 0°Cy(x,t)  aCy(x,1) Chen and Lai (2008a)
F X _p Ly 3Gy (%)
ot 0X OX
Institute of Nuclear Energy Research 16

Compartment Model (cell module)

Multi-Compartment model (MC model)
---Multi-box model, Tank-in-series model, Discrete

model

— Based on mass balance principle, too. It sliced the pathway into
several element with equal volume or not. It assumed that mass flow
into the volume element, it mix well immediately. Generally used to
simulate nuclides/contaminant transport behavior in river or lake.

- flux
S B e B SEN T S, . Stelementvolume
= V, C; . V, C, © . V. C, e C,, - boundary conc.
C, : n-th element conc.
Governing equation
dVeC, ) _ Mvec, )+QcC C
- d) n_t)t Q n—1_t -Q n_t

dt

Institute of Nuclear Energy Research 17




%ﬂ AMBER

® AMBER was develpoed by
Enviros and Quintessa, and
supported by ENRESA,
JAEA and SKI etc.

® Nuclides/contaminant
migration in Biosphere are
simulated by compartment
model

® |t can apply to the three
phases (solid, liquid and gas)
simulation and perform
probabilistic analysis

Institute of Nuclear Energy Research 18

‘%-n H17 model chain

JINC (2005)
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GoldSim V.S. AMBER (1)

Governing equation
PRy
OX ot

-V

Initial condition
C,(x,t=0)=0

Boundary condition
Cxt(x = O’t) =C,
C. (x> u,t)=0

Institute of Nuclear Energy Research

MC Model — analytical solution

No dispersion and diffusion  Constant Conc.(C,) A
Oﬂ|y advection Compartment model — AMBER
AD model — analytical solution

Pipe module - GoldSim

20

GoldSim V.S. AMBER (2)

Pulse source

MC Model — analytical solution
Cell Module — GoldSim
Compartment model — AMBER

Institute of Nuclear Energy Research

AD model — analytical
solution
Pipe module - GoldSim

21




Conclusion (2)

e AMBER is a compartment model that is similarly as
cell module in GoldSim. In viewpoint of safety
assessment, the biosphere assessment were
simulated by AMBER can be done by GoldSim cell
module directly. This will avoid the difficult or
mistake between two software.

e The compartment model is different from the
advection-dispersion model. When we performed
safety assessment, we should choice reasonable
model corresponding to environmental condition.

Institute of Nuclear Energy Research
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MC model V.S. AD model

Q : Many cells can simulate the phenomenon of
advection-dispersion?

20LL N : Cell number
Van Ommen (1985) —N = AL a : Dispersivity
u L : Length(position)
u : velocity

At : time interval
D : Dispersion coef.( a*u+Dy)

Wang and Chen (1996) D, : Diffus .
LU ¢ - DITUSION COET.

Bajracharya and Barry (1992) | 5 _ BU
Sardin et al. (1991) 2D
Shanahan and Harleman (1984) J

Chen (2012)

Institute of Nuclear Energy Research
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GoldSim model

N
Single _ TemeeT hundred Five_hundred Thousand T_2000 Boundary

-
suu®
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-
ans®

-----
-------------------------------
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Institute of Nuclear Energy Res€arch 8 |




Case study

Common parameters :
— Porosity : 0.1
— Cross-section : 1 m?
— Diffusion coef. : 10-° m2/day
— Not consider decay effect

Institute of Nuclear Energy Research 2%

Case (A) —time interval

The influence of the time interval (At)
[distinctness] to the numbers (N) of pipes or
cells

— Length : 100 m
— Velocity : 0.1 m/day
— Dispersivity : 1 m

Institute of Nuclear Energy Research 27




(a) At=5 day

————— Analytical solution (AD Model)
—| ——+—— GoldSim Pipe (N=1)
0.8 — —O——  GoldSim Pipe (N=10)
—&——  GoldSim Pipe (N=100)
| —FB—— GoldSsim Pipe (N=500)
0.6 — — 74— GoldSim Pipe (N=1000)

Case (A) —time interval
(c)ét:O.Z day

8 GoldSim Pipe (N=2000) 8
° 0.4 —| o 0.4 —]
0.2 — 0.2 —
0 T | 0
(b) At=1 day Time(day) Time(day)
. Increasing pipe number, it
B needs small time interval to
§ 1 gain similarly simulation
A results.
0 SH T | T T
Time(day)
Institute of Nuclear Energy Research 28

(a) At=5 day

Case (A) —time interval
(c) At=0.2 day

————— Analytical solution (AD Model)

1 — —F—— GoldSim Cell (N=1)
| —©&—— Goldsim cell (N=10)

08 — ———— GoldSim Cell (N=500) 0.8 —
| ——A—— Goldsim Cell (N=1000)
GoldSim Cell (N=2000)
0.6 — 0.6 —
Q Q
Q 8]
O O
0.4 — 0.4 —
0.2 — 0.2 —
0

—<&———  GoldSim Cell (N=100)

1 —

C/Co

I ' I ' I 0

Time(day)

The simulation results of a
specific cell number may close
to the results of AD model.
The simulation results from cell
module did not be influenced

80

by time interval.

120 160 200
Time(day)
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Case (B) — velocity

The influence of groundwater velocity (u)
[mixing degree] to the numbers (N) of pipes or
cells

— Length : 200 m

— Dispersivity : 1 m

Institute of Nuclear Energy Research 30

Case (B) — velocity

At=0.5 day > u=0.02 m/day
(8) GoldSim pipe <b)<_30'd3'mce" N

———+—— GoldSim cell(N=1)

————— analytical solution (AD model)

| ——6—— GoldSim cell(N=10)
——<&——  GoldSim cell(N=100)

| ——+—— GoldSim Pipe (N=1) E

08 —| ——— coldsim cell(N=500)
(
(

08 — —©—— Goldsim Pipe (N=10)
——<&——  GoldSim Pipe (N=100)
1 —FH—— GoldSim Pipe (N=500)
(

(

4 —A—— GoldSim cell(N=1000)
——X—— GoldSim cell(N=2000)

C/Co

0.6 — —A—— GoldSim Pipe (N=1000) 0.6 —
——>——  GoldSim Pipe (N=2000) 8
‘ I3)
0.4 — 0.4 —
0.2 — A 0.2 —

N L L S L L
0 400 800 1200 1600 2000 0 400 800 1200 1600 2000
Time(day) Time(day)

The simulation results of 100 cells close to the results of AD model
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(a) u=0.02 m/day

Case (B) — velocity

(¢) u=0.2 m/day

0.8 —
o 0.6 — °
@] . Q
o )
0.4 —
0.2 —
GoldSim pipe (N=100)
N — — — — — GoldSim cell (N=100)
o]
I T [ ' I ' I ' | I ' I ' |
0 300 600 900 1200 1500 120 160 200
Time(day) Time(day)

(b) u=0.04 m/day

] 100 cells with different velocity,

o it shows the simulation results
g "] are similarly with AD model.

o It means velocity did not

o influence the suitable cell

T L T Tk number.

Time(day)

Institute of Nuclear Energy Research
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Case (B) — velocity

(a) At=1 day (b) At=0.5 day
08 7 L=40 GoldSim pipe (N=100) 087 L=40
- — — — — — GoldSim cell (N=100) —
0.6 — 0.6 —
S o4 S o4 -
) o
0.2 — 0.2 —
0 0
0 300 600 900 1200 0 300 600 900 1200

Time(day)

Time(day)

Although under different source condition, the simulation results
of specific cell number (N=100) are still close to the results of
AD model and it is not influenced by time interval.

Institute of Nuclear Energy Research 33




Case (C) — complex

According to the previous results, we get the
relationship (N=Lu/2D) between cell and pipe
modules. Here, we assumed two sets parameters to
prove the formula.

(a) Length (L) : 100 m (b) Length (L) : 200 m
Velocity (u) : 0.01 m/day Velocity (u) : 0.01 m/day
Dispersivity (a) : 0.1 m Dispersivity (a) : 10 m
Numver (N) : 500 Numver (N) : 10
Institute of Nuclear Energy Research 34

Case (C) — complex
(a2) N=500 (b) N=10

GoldSim pipe (N=500)
— — — — — GoldSim cell (N=500) -
1 — GoldSim pipe (N=10) L=40

- — — — — — GoldSim cell (N=10)
0.8 —
0.6 — 7

L=100 . /
v

0.4 —

— .

/
0.2 — 7/
/
— I'd
- —
1 ° ' '

0 300 600 900 1200 0
Time(day) Time(day)

1 —

L=40
0.8 —

0.6 —

C/Co
C/Co

0.4 —

0.2 —

0

It proved the relationship between cell and pipe modules is
Lu/2D.
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Dispersivity

Q : Does dispersivity value change with the pipe number?

 physics : dispersivity(1 m)
means the degree of
dispersion in migration
length (100 m). If it apply
two 50 m pipes for
simulating, it means in
this 100 m (2*50 m)
migration length, the
dispersivity is still 1 m in
each 50 m pipe.

! Pipe (N=1,00 =1 m)

Pipe (N=2,a0 =0.5 m)
Pipe (N=5,at =0.2 m)
Pipe (N=100 =0.1 m)
Pipe (N=1,00 =1 m)

- Pipe (N=1,0. =0.5 m)
Pipe (N=1,a0 =0.2 m)
Pipe (N=1,a =0.1 m)

Ooo+

o
o))
|

C/Co

» The dispersivity does not )
have a linear e R e
Su pe l’po S|’[| on 0 20 40 60 80 100 120 140 160
characteristic. Time(day)
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Cell number

Q : more cell number is more accurate !

* Cell number+#element number in Finite Element Analysis -

* The results of more cell number does not close to the results of
the pipe.
-pipe module (AD model) : mainly be used for groundwater or
fracture mass transport.

-cell module (MC model) : mainly be used in river, ocean or air
mass transport.

* In GoldSim, cell module and pipe module have the
relationship ,Lu/2D. More cell number does not benefit for the
accurate of results but only time-consuming.

Institute of Nuclear Energy Research 37




Conclusion(3)

» By case (A) : specific cell number is necessary.
More cells is just time-consuming.

* By case (B) : the velocity or source type does not
change the simulation results of specific cell
numbers to AD model.

* By case (C) : if someone wants to simulate mass
migration behavior in groundwater by GoldSim
cell module, the cell number should match the
formula of Lu/2D.

Institute of Nuclear Energy Research 38
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GoldSim - FracMan

GoldSim can connect PAWorks module of FracMan to
simulate nuclide migration in fracture networks.
PAWorks includes all major pathways which were
analyzed by FracMan.

> L:>

Chen and Lai (2008b)

Institute of Nuclear Energy Research
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e GoldSim-Dashboard application == public communicate
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GoldSim-Dashbhoard

Safety assessment model in GoldSim can transfer into a
dashboard that let people to change parameters by
themselves and gain the analysis result immediately.
This can help people to increase their confidence of
safety assessment.

Chen and Lai (2007)

Institute of Nuclear Energy Research 4

Contents

purposes

S 1. What relationship
between process
model and assessment
model

2. How to develop a
representative safety
° assessment model

(I1) Developing representative agsessment safety
model for radwaste disposal = assessment

in porous
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Process v.s. Assessment Model

Process Assessment :
Model Model :
|

1

------------------
------------------------
11111
000000

*

. *
""""""""""
---------
------------------------------------

Institute of Nuclear Energy Research

Bechtel SAIC Company (2003)

Process model V.S. assessment model

BProcess model
e Focus on performance assessment of partial system

e To gain material characteristics by software detall
calculation or experiment

e FEHM : a finite element analysis software to simulate a
saturated groundwater flow field and nuclide migration

BMAssessment model
e Focus on probability analysis of total system

e Calculate potential max. dose rate (concentration) by multi-
running

e GoldSim : a probability analysis software Chen (2009)
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Key point of assessment model

e Assessment model can not simulate a complicate
condition and get a accurate result. It just runs on
many realizations of a simplified and
representative model.

e How to construct a representative assessment
model is a key point to perform a total system
safety assessment.

Institute of Nuclear Energy Research
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Yucca Mt. Project

1-D nuclide transport
(GoldSim) DOE (1998)

Particle tracking of nuclide
migration in aquifer (FEHM)

Institute of Nuclear Energy Research
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FEHM process model

Hydrogeological model
(200 m x 200 m )

Pressure Head (m)

Institute of Nuclear Energy Research
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FEHM process model
Source(nuclides) - No decay
ABCDEFGHIJ S0 o = . .
200 3% Grid in FEHM
. Gmx5m)
B
>_
Obs_4
Obs_3
Obs_2
> 0Obs_1
200
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Particle tracking of FEHM

Flow line F H J L

Case A (k=10 m2) 2066 1.778| 1553  1.369

Case B (k=10°m?) | 20.660| 17.780| 15.530| 13.690

Travel |CaseC (k=10°5m?)| 41.320| 35560 31.070| 27.380

(tclirgf) Case D (k=10'm?) | 206.600| 177.800| 155.300| 136.900

Case E (k=10"2m2) | 2066.000 | 1778.000| 1553.000 | 1369.000

Case F (k=10125m?)| 4132.000 | 3556.000 | 3107.000 | 2738.000

Path(r'rf;gth Case A ~ Case F 297.8| 2782| 260.8| 2448

velocity(v) = ﬁ g. iE
nstitute of Nuclear Energy Reseatch .
Concentrations

Case A (k=10°m?)

0.8 —

0.6 —

cic,

0.4 —

0.2 —

Obs_1
Obs_2
Obs_3
Obs_4
ourc

o T T T T T T
0 40 80 120
Time (day)

Case B (k=1019m?2)

0.5 —

0.4 —

cic,

0 40 80 120 160 200

Case C (k=10105mz2)

0.5 —

0.4 —

cic,

0.4 —

0.3 —

cic,

0.2 —

0.1 —

40

120

Time (day)

Case D (k=101 m2)

200

Obs_1
Obs_2
Obs_3
Obs_4

. Time (day)
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Case E (k=101 m2)

0.07 —

0.06 —

0.05 —

0.04 —

cic,

0.03 —j

0.02 —

0.01 —

0

Concentrations

T T
2000
Time (day)

3000

4000

Case F (k=10125m2)

5000

0.05 —

1000 2000

Time (day)

Institute of Nuclear Energy Research

3000 4000 5000
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GoldSim assessment model

1200l

MasterClock

Materials Source Flow
11 Il v V
[ /\ > - > pp T
. “ Pipe_Obs_1
Travel_time_F Cell_Obs_1 Pe_bs-
- /\ > N — - ._>/
. “ Pipe_Obs_2
Travel_time_H Cell_Obs_2 Pe_ -
3.14 /
=~ /\ - L> 16 :l > [ > »e [
i “ Pipe_Obs_3
ety =~ ravel-Time Cell_Obs_3 Pe_bs-
3.14
» , > - > e T
Pipe_Obs_4
Flowpath_L ength Cell Obs 4
Travel_time_L -

Far_Boundary
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Modified cross section in Goldsim

Pipe module Pipe Obs_1 | Pipe_Obs_2 | Pipe_Obs_3 | Pipe_Obs_4
Case A (k=10°m?) 10.540 10.590 11.250 12.550
Case B (k=1019m?) 10.500 10.500 11.300 12.500
Cross |Case C (k=10°m?) 10.566 10.592 11.255 12.550
SE():r?;;n Case D (k=101 m?) 13.000 13.100 14.000 15.700
Case E (k=10*?m?) 7.800 8.100 8.900 10.500
Case F (k=10125m?2) 5.570 5.770 6.383 7.467
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Case A (k=10°m?)
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Comparison of concentration
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Comparison of concentration

Case E (k=101 m?2)

0.07 —

0.06 —

0.05 —

1000 2000 3000 4000 5000 0

Case F (k=10125m?2)

0.05 —

0.04 —
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cic,

0.02 —
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Time (day)
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Verification

(1) By Case B (k=101 m?) R

1.0 — |- —————- | — 2
a I >0 FEHM_Obs_1 -
| FEHM_Obs_2
| FEHM_Obs_3
0.8 — | TR = e b bl s EEis S0 FEHM_Obs_4 — 1.6 .
| GoldSim Pipe_Obs_1
— | GoldSim Pipe_Obs_2 —
I GoldSim Pipe_Obs_3
0.6 — | goldsim Pipe_Obs_4 L 1.2
ource
(=] I I
o L _______ n
O B e e & |
0.4 — 0.8
0.2 — 0.4
0.0 —geit e T, 0
0 100 200 300 400
Time (day)
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Verification

(2) By Case D (k=10-11 m?)
R
0.8 — - = =1 —
I FEHM_Obs_1
| FEHM_Obs_2 |
- | FEHM_Obs_3
FEHM_Obs_4
I GoldSim Pipe_Obs_1 [
0.6 — | GoldSim Pipe_Obs_2
| GoldSim Pipe_Obs_3 —
| GoldSim Pipe_Obs_4
= | Source |
° |
S oad-——, .
O |
0.2 —
0 T
0 200 400 600 800 1000
Time (day)
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Representative ?

4 Process model N
(FEHM)

Hydrogeological parameters
- Conductivity
- GW velocity
- Dispersivity

* f

 Observed position
(Receptor)

Particle traveling time
Max. concentration

J

&

Assessment model
(GoldSim)

~

/Probability analysis

\

\

« Conductivity-Log normal distribution
« GW velocity -Uniform distribution
- Dispersivity -Log normal distribution

/

Institute of Nuclear Energy Research

59




e Chen(2009) did not consider decay effect

Modified research

e Each nuclide with different decay half-life. After migration, the
nuclides concentration will be different because of decay effect.

» Does the assessment model of daughter nuclide (which is
producted from its parent nuclide) be same with the assessment
model of parent nuclide?

-
C0-605.27 yr
Cs-13730.04y1
Sr-90p28.74 y— Y -90[64.01 hn]
\Pu—241[14.7o y—>AM-24 11432 yi—>NP-237[2.14x105 y1] )

N
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Cross section-

Case B (k=1019m?)

Nuclides Half-life Pipe_Obs_1 | Pipe_Obs 2 | Pipe_Obs 3 | Pipe Obs 4
Co-60 9.27 yr 10.52 10.58 11.25 12.56
Cs-137 | 30.04 yr 10.53 10.57 11.24 12.55
Sr-90 28.74 yr 10.53 10.58 11.24 12.55
Y-90 64.01 hr 10.52 10.53 11.13 12.31
Pu-241 |[14.70 yr 10.52 10.58 11.25 12.55
Am-241 432 yr 10.97 10.54 10.71 11.40
Np-237 |2.14x106 yr 10.95 9.86 10.04
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Model differences- Case B (k=10-1° m>?)

nuclides Half-life Pipe_Obs_1 Pipe_Obs_2 Pipe_Obs_3 Pipe_Obs_4 Co-60 Cs-137
Co-60 5.27 yr 1052 1058 11.25 12.56 oy Obs-1
Am-241
Cs-137 30.04 yr 10.53 10.57 11.24 12.55
Sr-90 28.74 yr 10.53 10.58 11.24 12.55
Y-90 64.01 hr 10.52 10.53 11.13 12.31
Pu-241 14.70 yr 10.52 10.58 11.25 12.55
Am-241 432 yr 10.97 10.54 10.71 11.40
Np-237 2.14x108 yr 10.95 10.12 9.86 10.04
16 +  Co-60 \ U/}
Lo Cs-137
15
O Sr-90
14 A Y-90
X Pu-241
Co-60 Cs-137
(%‘ 13 * Am-241 Sr-90  Y-90 ObS—4
& b4 Np-237 Ea Pu-241
8 12 O Stable Am-241
& E *
11
g E=
=)
0 10 =2 2 £x
9
8
7
\ I I |
Obs_1 Obs_2 Obs_3 Obs_4
Position
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Conclusion (4)

e Even it has different concentration distribution
between process model (FEHM) and assessment
model (GoldSim). But they have same maximum
concentration value.

e GoldSim pipe module by justified cross section can
simplify complicate process model of FEHM. It is
validated by cases study to prove this methodology
which can construct a representative assessment
model.
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Thank you for your attention
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