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Presentation Topics

Transparency Is important in...
e Coding
e User Interface
« Communicating Concepts

e Documentation

e Decision Making
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Transparency in Coding

#include <math.h>
#define ACC 40.0
#define BIGNO 1.0el0
#define BIGNI 1.0e-10
float bessi(n,x)

int n;

float x;

This Is opague code:

FUNCTION BESSI(N,X)

PARAMETER(IACC=40,BIGNO=1.0E10,BIGNI=1.0E-10)
IF (N.LT.2) PAUSE "bad argument N in BESSI*

TOX=2.0/X
BIP=0.0
B1=1.0
BESSI=0.
M=2* ((N+INT(SQRT(FLOAT(IACC*N)))))
DO 11 J=M,1,-1
BIM=BIP+FLOAT(J)*TOX*BI
BIP=BI
BI=BIM
IF (ABS(BI).GT.BIGNO) THEN
BESSI1=BESSI*BIGNI
BI=BI*BIGNI
BIP=BIP*BIGNI
ENDIF
IF (J.EQ.N) BESSI=BIP
11  CONTINUE
BESSI=BESSI*BESSI10(X)/BI
RETURN
END

with apologies to Numerical Recipes

}

int j;
float bi,bim,bip,tox,ans;
float bessiO();
void nrerror();
if (n < 2) nrerror("Index n less than 2 in BESSI™);
if (x ==0.0)
return 0.0;
else {
tox=2.0/fabs(x);
bip=ans=0.0;
bi=1.0;
for (g=2*(n+(int) sqrt(ACC*n));j>0;j--) {
bim=bip+j*tox*bi;
bip=bi;
bi=bim;
ifT (fabs(bi) > BIGNO) {
ans *= BIGNI;
bi *= BIGNI;
bip *= BIGNI;

}
if (J == n) ans=bip;
s
ans *= bessiO(x)/bi;
return X < 0.0 & n%2 == 1 ? -ans : ans;

}

#undef ACC
#undef BIGNO
#undef BIGNI
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Transparency in Coding

This Is commented code: Remember ASCII art?

/* dfWinbox and dfCellSize are defined globally *f
double dfX, dfY; % f.p. index to cell Lr
double dfDenominator; /* temp wvariable ®f
int iX, i¥;: /* cell index number *f
int nxLower, nyLower; f* index to lower bounding cell */
int nxUpper, nyUpper; /% index to upper bounding cell #/
POINT ptlLower, ptUpper: /* corner points bounding cell */
float fTemp; /* temporary variable *f

/* I was forced to add this since for some reason nCols and nRows

* are not consistently read properly above using PrivateWindowCols

* and PrivateWindowCols. */
nCols = (int) { ( ¥Xmax( dfWinbox ) - Xmin{ dfWinbox )} )} / dfCellSize )
nRows = (int) { ( Ymax( dfWinbox ) - Ymin({ dfWinbox ) ) / dfCellSize )

/* Determine which cell contains the point ppt. */
f% First, work with the GRID cells, to subdivide later. #*/

/* Find cell index number of Lower bounding cell. */
df¥ = { ppt-»x - Xmin({ dfWinbox )} ) J dfCellSize;

iX = (int)dfX; /* truncation to integer #®/
dfY = ( Ymax( dfWinbox ) - ppt-»v ) / dfCellSize:
i¥ = (int)df¥Y; /* truncation to integer #/
poell-»iX = iX;

poell-»>i¥Y = i¥;

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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So for the purposes of this DarcyTrack function, the elemental
cell over which calculations are done must be a quarter
of the original GRID cells, to ensure uniform properties
over the cell area:
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Notes on orientation: (This is a square GRID cell)

Ymax +-——-—————— + pt.x and pt.y are in real
coordinates

|

|

| Xmin, Xmax, Ymin, Ymax are

| in real coordinates,

| and are the limits of
[ + pt | the grid, as stored

| in the global

| variable dfWinbox

|

|

|

iX and 1Y are cell column
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Ymin +--———--——— Fom e + row (top to bottom)
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Transparency in the User Interface
Old school Ul design: Text

A sample output file.
3
1 100
A sample parameter file. g 188
0 0.00E+000 1.04E-003 7.12E-004 5.22E-004 3.98E-004 3.10E-004
30 ] 5.22E-004 3.98E-004 3.10E-004
100 C:n2 5.19E-004 3.96E-004 3.09E-004
0 C:\2EDIT MODEL.DAT 5.15E-004 3.94E-004 3.08E-004
C:~>RUN MODEL.EXE
4 i STYPE MODEL. OUT 5.10E-004 3.91E-004 3.06E-004
100 : - 5.03E-004 3.87E-004 3.03E-004
0.BPE+BA0 1.@7E+BA0 7_76E-BA1 5 .89E-BA1 4.22E-0A1 2_30E-0681 4.95E-004 3.82E-004 3.00E-004
2 L _ASE-AP1 1.@9E+0A8 7.81FE-PA1 5.87E-AA1 4.12E-891 1.98E-801 4.86E-004 3.76E-004 2.96E-004
10 1_.A1E+A00 1_1AE+0A8 7_.86E-PA1 5.85E-AA1 4.P91E-801 1.59E-801 4.75E-004 3.70E-004 2.92E-004
1_.52E+A00 1_11E+088 7.91FE-PA1 5.82E-PA1 3.88E-891 1.A2E-801 4 BAE-004 3.62E-004 2.87E-004
1 2 _A2E+A00 1_13E+AB0 ?7.94E-BP1 5.79E-8A1 3.75E-PA1 ©.00E+B00 4 E1E-004 3. BAE-004 2. 82E_004
0.005 2 _53E+A00 1.14E+AB0 ?7.98E-PP1 5.7SE-8A1 3 .59E-PA1 ©.@0E+B08 . - .

- 3.92E+AAA 1.15E+0AR §.A1E-AA1 3.42E-AA1 @.ARE+QAA 4.37E-004 3.46E-004 2.77E-004
10 3_54E+A00 1.16E+AR@ & . P3E-8A1 APl 3.22E-P01 B.APE+AO0 4.23E-004 3.37E-004 2.71E-004
1 3155E-000 1.155-000 §.07E-00l B 3.765-001 B.BOE-000 4.07E-004 3.27E-004 2.54E-004

. + - +| - — - —| - + _ _ -
0.01 5.@5E+A0A 1.19E+00A §.P8E-PA1 2.47E-nA1 O.APE+ARR g?gg ggj gé;g 883 gggg 883
1 L _SLE+A00 1.20E+AR@ & .PSE-AA1 2_13F-AP1 B.PAE+DAD - /5E- -07E- -50E-
6.BGE+A00 1.21E+AR@ E._P9E-AA1 APl 1.70E-P01 B.ABE+AER 3.58E-004 2.96E-004 2.43E-004
0.1 6.57E+@00 1.22E+AB0 & ._B9E-B81 1.AYE-AP1 B.PAE-+BAD 3.41E-004 2.85E-004 2.36E-004
0.01 7 _@7E+@00 1.23E+AR0 E&._P8E-B81 0.APE+AP0 B .PAE+BAD 3.24E-004 2.74E-004 2.28E-004

- 7 _GEE+A00 1.24E+AB0 §._B7E-881 0.APE+AR0 B .PAE+BAD 3 07E-004 2.62E-004 2. 20E-004
1.0 8_BEE+A00 1.24E+AB0 E._B6E-BB1 0.APE+AR0 B .PAE+BAD - - -

1 8_S9E+A00 1.25E+ARB § . P4E-B81 0.APE+AR0 B .PAE+BAD 2.90E-004 2.50E-004 2.12E-004
9 _AYE+A00 1_26E+AB0 §_B2E-881 0.APE+A00 B _OAE-+BAD 2.73E-004 2.39E-004 2.04E-004

0.5 9 _6BE+BO0 7_99E-A81 0_.APE+AP0 B _OAE-+0A0 2.56E-004 2.27E-004 1.96E-004
i .81E+881 7.96E-881 A.00E+808 B.B0A0E+808 2 _40E-004 2.16E-004 1.87E-004

0.01 1 _B6E+801 7_93E-881 0_.APE+AP0 B _OAE-+0A0 5 225-834 5 025-884 1 395-884

2 1 .11E+@81 7_89E-881 0. APE +a00 E+BA@ - - -

0.01 1. 16E+BA1 7 _85F-@A81 @ .AAE +A80 2.08E-004 1.93E-004 1.71E-004

- 1.21E+@@1 1_3@E+0A0 7_8PE-0@1 3 .32F-PA1 O.POE+008 O. B 1.93E-004 1.82E-004 1.63E-004
0.005 1.26E+A01 1.3AE+ABB ?7.7SE-PP1 3 .P4E-9A1 A.0BE+PAA ©.AOE+BOA 1.79E-004 1.71E-004 1.55E-004

1.31E+@01 1.31E+AB0 ?7.7AE-BP1 2.72E-AA1 A.0AE+PAA ©.A0E+B08 _ _ _
20 1.36E+A01 1.31E+AB0 ?7.64E-P81 2.34E-0A1 A.00E+PAA ©.A0E+B0E iggg ggj igég ggj ig’gg ggj
0.3 1.41E+@01 1.32E+AB0 ?7.57E-P81 1.87E-0A1 A.0BE+PAA ©.AOE+BOA -52E- -50E- -39E-
1.39E-004 1.40E-004 1.31E-004 ...
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Transparency in the User Interface

Better Ul design: Graphical forms and output

&= ShowFlow - TESTDATA
File Edit Model Graph Window Help
m testdata - X-SEC - EIIK = testdata - Y-SEC - EIIK & testdata - CONC -0l x
X Tranzect Y Tranzects Concentration Contours
A zample parameter file. A zample parameter file. A zample parameter file.
1.20e-3 Conc [mgfl] 1.50e-3 Conc [mgfl] 1.50 Y coordinate [m]
1.00e-3 } /
I 1.00e-3 [ 1.00[
8.00e-4 | [ [
f— — T — —_
- -H-H'\-\\
6.00e-4 [ [ -
5.00e-4 . 050 ol .
I % =
4.00e-4| N N
S xl Y
2004 i 0.00e-1[ 2 1111 | S W T B T L
0.000 10.00 20.00 30.00 0.0 1.00 2.00 3.00 4.00 0.000 10.00 20.00 30.00
* coordinate [m] Y coordinate [m] * coordinate [m]
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Transparency in the User Interface

Even better Ul design: Interactive tools

", L _ —— L I .
s Soulh Valley Remedistion Ste
£ i §, 3 S triz i ot e
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Transparency in Concepts

The shape of root masses (or burrows) underground is shown here for various values of b:

b=1 b=2 b=3 b>=4
et o T Pt Y
- o
A - -
\"'"lq_.____'_,_.-l-l'""’
ZY ZY ZY z

A simple illustration can aid explanation
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Transparency in Concepts

Elevation
closure ca
P receptor's well e
vadose zone
c o oa
adifer e
- : - -
direction of aquifer flow
Plan View
Multiple Trench Units 100-m receptor line
creek
-potential wells
" overlapping and
interacting plumes seeps
»
»
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Transparency in Concepts

Modeling tools can be described

Conceptual model for a 2-D dispersive plume T Sy

—_— TR i
applied to a single waste disposal unit e coarse representation of the plume, ™
PP g P T which has no defined boundary

e )
S

disposal unit observation point *-\|
. slel (receptor's well) e /{
horizantal plane - L
"source” of plume o 4
-
aquifer et .
(saturated zone) s
—
row of cells
representing the aquifer
Application of the GoldSim Plume Function -
As described in the GoldSim on-line help (search for "plume”), the plume() function accepts 11 arguments. |
The description presented here is somewhat simplified for the case at hand. The arguments to the function i
are as follows, with comments following the "//". Footnotes are below.
plume (
L, /f length of the Pipe or row of Cells, as measured from
i the upstream end of the Source!
A, /{ cross-sectional area of the Pipe or Cells
Ls, /f length of the Source set equal to the length of the
i overlying disposal unit, parallel to flow
a, // wertical offset of observation point (zero)? -
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Transparency in Concepts

Decay chains implemented in contaminant transport and dose calculations

Mote that the radionuclides and stable nuclides in black are maintained in the Species list. Any modification to the decay
chain diagram needs to have an associated modification to the Species list, and vice versa.

The radionuclides noted in green italic are considered in the dose assessment only, through dose coversion factors.
Environmental transport of these progeny is assumed fo follow their respective parents, with which they are in secular
equilibrium.

Radionuclides, stable nuclides, and decay arrows in gray are not represented in the model, but are shown here for

completeness

Uranium Series, simplified

Pu23g = > U234 &

-~ Th230 “—» Ra226 > Rn222 > P0218 “—p Pb214 = Bi214

-

% - =

..........

L P0214 “—m Pb210 B Bi210 B P0210 *—w Fb

*Rn222 is partially bypassed in proportion to account for partial ermanation.
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Transparency in Documentation

Models should be ...
e readable,

e traceable,

e supported, and

e Informative.
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Project budget and accounting =g =
The user can specify the funding profile, which constitutes annual increases to the project account. R e ad a b I I I t
Costs are deducted from the project account as tasks start and complete.

Main Project Account

ProjectFundingHistory It also has these deductions:
= each task deducts its estimated cost on task start

» each task reconciles its actual costs with the estimated
VW cost, and deducts the difference on completion of the task
A = penalties and fines are deducted as they occur

ProjectAccountHistory

The ProjectAccount has revenues added each FY, as
worked out above.

|4

ProjectFundingProfile

ProjectAccount
Funding Profile (set on Control Panel)

[§>' > FY12_Funded
L ]

; Control Panel
= FY13 Funded % _—
] > Fris

Estimated expenses and allocation priorities

Estimated costs for each task are provided here. Each
task must wait until sufficient funding is available before
starting, and actual costs are reconciled with estimates

EstimatedCosts on task completion.

i i . . % Waste Characterization Funding
Funding allocations are determined as annual spending rates.

% Public Involvement Funding
The allocation of funds from the top Project level down

to the individual tasks takes place hierarchically. This % Operations Funding
=3 top level allocator takes the entire project budget )
(ProjectAccount) and allocates to the main activities. % Compliance Activities Funding

Project_Alloc

Each of those activities similarly allocates its share of .
the funds it was provided to its tasks, and so on. %

Public Involvement Activities Funding




Traceability Within the Model

H GoldSim Pro - PA Model.gsm EEREEE

%Eile Edit View Graphics Model Run Help

IDEH s 2B RS sWwE MY @y 2 [MQEEMI LG
r N ™
Links to element FineCobbleMix 5| { Links from element FineCobbleMix o)
Links | [ Links
=3
Select any link in the list to display detailed information about the link. Select any link in the list to display detailed information about the link.
From Qutput To Input F From Qutput To Input
BulkDensity FineCobbleNix FineCobbleMic Density FineCobbleNix Density CapCell_Inerthass [Cap0d]
Porosity_FineCobbleMix FineCobbleMix. Porosity FineCobbleMix: Porosity CapCell_InertPorosity. [Cap04]
Water FineCobbleMix. Reference Fluid FineCobbleMix Cap_04 FineCobbleMix
FineCobbleMix Cap_04 FineCobbleMix
dl FineCobbleMix Density CapCell_InertMass [Capl4]
Ve FineCobbleMix: Porosity CapCell_InertPorosity. [Cap04]
IV FineCobbleMix Cap_04 FineCobbleMix
n
n
n
Link Details n Link Details
Output Element: YMaterials\FineCobbleMix Properties\BulkDensity FineCobbleMix Output Element: WMaterials\FineCobbleMix
Input Element:  YWMaterials\FineCobbleMix Input Element:  \Disposal\ClassASouthCel\TopSlope'Caplay. .. \CapCell Inertass
Output Type: Value Units: gfcm3 Output Type: Value Units:  kg/m3
Order: Scalar Link Type:  Mormal L Order: Scalar Link Type:  Mormal
ok || cancel |[ nep || | ok || cancel || Hep




Traceability Outside the Model

TABLE 7. HELP INFILTRATION MODEL LAYERS AND MATERIAL PROPERTIES

, ] Available . Material )
Layer Material Thickness n B Bup Moisture o, K, Layer Type | Size Range Description Notes:
{inches) {volivol) | (volivoly | (valivel) | {volivol) {volivol) {cm/sec) nfa {inches) n/a
Type-B P vertical . . . .
Layer 1 Rip Rap 18 0.190 0.024 0.007 0.017 | initialized to ss 42 percolation 07545 | 1.25inches| Size is nominal diameter
. . Coarse
Layer2 | TYPe-AFiter 6 0190 | 0024 | 0007 | 0017 [intializedtoss| 42 verical | 5 086.0 | Sand- Fine
(upper) percolation
Cobble
. . Placed at 4x10* emfsec;
e ) - vertical Silty Sand '
Layer 3 | Sacrificial Soil 12 .31 0.2 0.025 0.175 | initialized to ss | 4.00E-03 o <075 and Gravel freezeﬂha: reduces K to
4x10™ cm/sec.
. Coarse
Layer4 | TYPe-BFilter 6 028 | 0032 | 0013 | 0019 |inftializedtoss| 35 lateral 0215 | Sand-Fine
{lower) drainage
Gravel
Layer 5 Upp;;fﬁ:f"” 12 0430 | 0.3%0 0.28 0.11 043 5.00E-08 | barrier soil nfa Clay
Lower Radon vertical
Layer 6 Barrier 72 0.430 0.350 Q.28 oM 0.3% 1.00E-06 percolation n/a Clay
vertical Unit thickness for waste.
Layer 7 Wasle 100 0.437 0.062 0.024 0.038 | initialized to s5 | 5.00E-04 pescolation n‘a Sand Mode! is insensitive 10 wasle
thickness variation,
Layer 8 Clay Liner 24 0.430 0.390 0.28 0.11 0.43 1,00E-06 | barrier soil n/a Clay
f = Porosily 8i = Initial Maoisture Content
Bfe = Field Capacily K, = Saturated Hydraulic Conductivity
Bwp = Wilting Paint th = Value forintialized steady-state moisture conlent are given in the model output files.

Avallable Moisture: = Moisture available 1o be evaporated is only applicabie in the upper 18 inches of the model
Engineered material properties

Engineered materials are in a variety of forms semving various purposes. These are used in the
construction of the cap (top slope and side slope) and liner layers.

Rip Rap is used to construct the uppermost layer:

Armor. It quickly becomes infilled with Loess. The

Rip Rap itself is assumed to be an inert material_
RipRap RipRap_Properties
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unsaturated zone columns
P (for top and side slopes)
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Bringing it Together

U.S. NUCLEAR REGULATORY COMMISSION June 1289

REGULATORY GUIDE

OFFICE OF NUCLEAR REGULATORY RESEARCH

Radon flux estimates according to NRC Uranium Mill Talings Cover Guidance
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Bringing it Together

layer thickness interface constant inverse relaxation length
a b
[E‘.:'ﬁ{ » Cover Thickness [E‘.:"ﬁ{ > a_Cover [Ebﬁ{ > b Cover

[Ebﬁ{ B RnBarrier_Thickness [E:"ﬁ{ B a_RnBarrier [E?-v‘ﬁ{ » b_RnBarrier
—" ,.(.me.'m» b = ﬁ{ » UpperWWaste_Thickness [ f

> a_UpperWWaste [ f »b_UpperWaste

-«M!(Ml”hlﬂ()&l_ﬂ\‘\l : X X
— v e e B> ﬁ{ » Lower\Waste_Thickness [&> .ﬁ( > a_LowerWaste [ ‘ﬁ{ > b Lower\Waste

2= Sometimes simply organizing the

Ecuiralent ourca SBusicn coelicmst, 5. b, sed hckepss

| » ... = appearance of calculations can

Det_Eptiec_Uppartiaste  o_Eqv_Upperante b_Eqy_UpperiVaste EqThaciness_Upperiiasts

“*="===  help in communicating their role.
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Bringing it Together

Expression Properties : RnFlux_UpperWaste!

Definition |

Element ID:  RnFlux_UpperWaste

Appearance...

Radon flux from the Upper Waste layer

Display Units: [PCifm2/s | Type... |5|:3Iar

\1lrJ Current Value = 0 pCijm2/s l

Description:

[ 2 *RnFlux_Lower\Waste = exp( -b_UpperWaste *
UpperWaste_Thickness ) ) /{1 +sgrt a_LowerWaste [
a_Upperwaste | * tanh({ b_LowerWaste * LowerWaste_Thidmess )
+ ([ 1-sgrt{ a_LowerWaste [ a_UpperWaste ) * tanh(
b_LowerWaste * LowerWaste_Thidkness J ) exp(-2 *
b_UpperWaste * UpperWaste_Thickness ) )

-

This flux is given by NRC (eq. 3 in NRC. 1984 and eq. 9 in NRC. 1989) as

J,= R p,E\AD,tanh x,A/ D) (A-7)

s used in the second step to solve for the surface flux of radon assuming continuity of
ontinuity of concentration across the tailings-cover interface (eq. 4 in NRC, 1984 and

2J,exp(=b,x,)

1 +1\|;& tanh (b, x,)+| 1 —\;i tanh (b, .1'_,]] exp(—2b,x,)
ab‘ HC . :

le inverse relaxation lengths are defined as

b,=vAID, and b =+AID, (A-9)
INR.C. 1989) and the interface constants are defined (eq. 11 in NRC, 1989) as
a,= HfD_,ll —[l—xﬁ').ﬁur]2 and a, = HEDc[l—{l—k}mcr (A-10)

- equilibrium distribution coefficient for radon in water and air (pCi cm™ water per
pCi em? air).

)

Radon Modeling 15

[T Final values Time Histories
[ ok J[ concel [[ reb
f vhr whe vhe  ife
Def_EpSiec_Uppettasts  a_Eqy_Uppetaste b Eqe UpperiWaste EqThainess_UpperWasts
o

Fhas of Rn-222 o LomariWaite oy, swvusrang na cap
4.1 een NAIC 364 sustion ). (NRC 1567

1] e
i;g {Wasis 96, (Total mass im the DU wasis & o, chaded by

b—)f‘- e o8 vokume and comarind 1o actady RaZié p masy

e
Rt MR 364 equaon {3 {HRIC 1588

waste
¢ waste
Raz226)

2J -b
3, £ 0exe) (12)

1+ Jat7actanh(btxt) +[1- Jat7actanh(btxt)]exp(-ZIchc)
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Transparency in Decision Making

Decision makers include ...
e regulators e site operators

Decision makers must ...
e answer to science,

e answer to the law,

e answer to the public,

* live with uncertainty, and
 sleep at night.

Performance Assessment should help in all these aspects.
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Law and Regulation

P. Disposal. Low-level waste disposal facilities shall meet the following requirements.
§61.41 Protection of the general popu- (1) Performance Objectives. Low-level waste disposal facilities shall be
lation from releases of radioac- ited. desiened ated intained. and closed so th ) bl
tivity. sited, designed, operated, maintained. and closed so that a reasonable

expectation exists that the following performance objectives will be met for

Concentrations of radioactive mate- waste disposed of after September 26, 1988:

rial which may be releazed to the gen-
eral environment in ground water, sur-
face water, air, soil, plants, or animals
must not result in an annual dose ex-
ceeding an equivalent of 25 millirems

(a) Dose to representative members of the public shall not exceed
25 mrem (0.25 mSv) in h year total effective dose equivalent from all
exposure pathways, excluding the dose from radon and its progeny in

to the whole body, 75 millirems to the ai.

thyroid, and 25 millirems to any other

organ of any member of the public. (b) Dose to representative members of the public via the air pathway
Reasonable effort should be made to shall not exceed 10 mrem (0.10 mSv) in a year total effective dose
maintain releases of radicactivity in equivalent, excluding the dose from radon and its progeny.
effluents to the general environment as

low as is reasonably achievable. (c) Release of radon shall be less than an average flux of 20 pCi/m*/s

$61.42 Protection of individuals from (0.74 Bg/m?/s) at the surface of the disposal facility.

inadvertent intrusion.

Design, operation, and closure of the
land disposal facility must ensure pro-
tection of any individual inadvertently
intruding into the disposal site and oc-
cupying the site or contacting the
waste at any time after active institu-
tional controls over the disposal site
are removed.
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Probability Density

Uncertainty

Mean Peak Dose (mrem/yr)

Rz=0.87 Percent > 25 =0.12
Mean: 4.4 50%: 3.4 95%: 11 99%: 16

I I
10 20
NA

0-25% [ 25-50% || 50-75%

30

T75—100%

Radon Escape/Production Ratio
S| =46

1e+01

8e+00

6e+00

4e+00

2e+00
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