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Motivation for QA in PA

The overarching motivation for Performance 

Assessment work is defensible decision 

making, and that requires:

• a defensible basis for modeling, 

• transparent and intelligible modeling, and

• effective communication of modeling 

approaches and results

These are goals shared by the CoP.
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Defensibility in Modeling

Defensible decision making needs defensible 

modeling. This requires:

• an accepted Conceptual Site Model (CSM),

• concepts and parameters that are traceable 

to their source,

• a transparent analysis of parameters, and

• coherent statistics.

Without these, it may as well be 

Garbage IN ➪ Garbage OUT.
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Computers are not Magic

“On two occasions I have 

been asked, “Pray, Mr. 

Babbage, if you put into the 

machine wrong figures, will 

the right answers come out?”

I am not able rightly to 

apprehend the kind of 

confusion of ideas that could 

provoke such a question.”

Charles Babbage
1791 – 1871

Passages from the Life of a 

Philosopher (1864), Ch. 5 

“Difference Engine No. 1”



5Performance and Risk Assessment Community of Practice • December 2015

Best Practices:

• Peer Review

• Model Corroboration 

• Sensitivity Analysis

• QA Project Planning – data quality 
assessment

Model Evaluation
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Neptune’s GoldSim PA QA

Neptune’s Quality Assurance (QA) for GoldSim 

PA models includes

• development of FEPSs* and CSM,

• stochastic parameter development,

• manual QA checking of all values,

• model building, and

• model testing,

• subject to strict configuration control.

*Features, Events, Processes, and Scenarios.
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FEPSs and CSM

Features, Events, Processes and Scenarios 

analysis:

• Defining and screening FEPSs assures that 

the PA and its model are not missing 

anything.

Development of a Conceptual Site Model:

• Defining a CSM helps to vet the model 

among stakeholders and model developers 

alike.

These are part of QA.
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Parameter QA Process
Neptune’s Process:
• Identify and collect information about a process or parameter, 

from literature, site specific studies, etc.
• Perform manual number-by-number QA check on that 

information. This is called a check print.
• Develop statistically appropriate stochastic input distribution(s).
• Perform manual QA check on statistical analysis.
• Incorporate synopsis of parameter development into a topical 

white paper.
• Perform manual QA check on values in white paper.
• Add values to the model Parameters Document or Workbook.
• Perform manual QA check on Param Doc or Workbook.
• Transfer values to the GoldSim PA model.
• Perform Manual QA check on model values, and record in the 

model using GoldSim’s native QA note tools.
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Check Prints
Neptune’s Manual QA Check Print Process:

• A calculation sheet, white paper, or other document is 

prepared by an analyst, with a copy of all cited 

references. This is printed to hard copy.

• An independent person, not associated with the 

collection and assembly of information, checks every 

value in the document against the value(s) in the cited 

references, and marks each item. For electronic 

transfers, every 10th value is checked.

• Errors are flagged, and the checker signs and dates the 

check print document to the analyst.

• Errors are fixed by the analyst, and the document is 

resubmitted for another check print.

• This iterates until all errors have been resolved.



10Performance and Risk Assessment Community of Practice • December 2015

Distribution Development

Stochastic input distributions must be 

developed with care.

• Data should not be censored without cause.

• Spatial and temporal aspects must be 

considered.

• Distributional forms should be based on 

natural behavior as well as data. A natural 

uniform or triangular distribution is rare.
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Types of Distributions

Several types of stochastic input distributions:

• independent, single value parameter

• tables of related single values

• time series

• functional forms

• environmentally-related values

• values that must sum to unity

• complex interrelated variables

• values with patterns seen collectively

• values with spatiotemporal variability
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Model Configuration Control

Neptune’s rules for configuration control:

• There is only One True Model File at any given time.

• No two model files ever have the same filename.

• The custodian of the True Model is always known.

• Custodianship is passed explicitly to another.

• Model file naming follows a strict convention.

• Model development may take place in branch 

copies, but these are never confused with the      

One True Model.

• Native GoldSim versioning is used.
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QA in Model Building

Building a model in GoldSim requires

• appropriate distribution development,

• clarity and transparency in coding,

• clear documentation of model development, 

and

• enhanced communication of concepts.

• Native GoldSim QA tools are used.
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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

BI=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

BESSI=BESSI*BIGNI

BI=BI*BIGNI

BIP=BIP*BIGNI

ENDIF

IF (J.EQ.N) BESSI=BIP

11    CONTINUE

BESSI=BESSI*BESSI0(X)/BI

RETURN

END

#include <math.h>

#define ACC 40.0

#define BIGNO 1.0e10

#define BIGNI 1.0e-10

float bessi(n,x)

int n;

float x;

{

int j;

float bi,bim,bip,tox,ans;

float bessi0();

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 (j=2*(n+(int) sqrt(ACC*n));j>0;j--) {

bim=bip+j*tox*bi;

bip=bi;

bi=bim;

if (fabs(bi) > BIGNO) {

ans *= BIGNI;

bi *= BIGNI;

bip *= BIGNI;

}

if (j == n) ans=bip;

}

ans *= bessi0(x)/bi;

return  x < 0.0 && n%2 == 1 ? -ans : ans;

}

}

#undef ACC

#undef BIGNO

#undef BIGNI

Transparency in Coding

This is opaque code:

with apologies to Numerical Recipes
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Always a Documentation Nut

This is commented code: Remember ASCII art?
*   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:

*

*          +---|---+---|---+---|---+---|---+

*          |   |   |   |   |   |   |   |   |

*          |---O---|---O---|---O---|---O---|

*          |   |   |   |   |   |   |   |   |

*          +---|---+---|---+---|---+---|---+

*          |   |   |   |   |   |   |   |   |

*          |---O---|---O---|---O---|---O---|

*          |   |   |   |   |   |   |   |   |

*          +---|---+---|---+---|---+---|---+

*

*              |-------|           |---|

*              cell size         edge size

*

*   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.y + iY       + pt         |           the grid, as stored 

*          |                       |           in the global  

*          |                       |           variable dfWinbox

*          |                       |

*          |                       |       iX and iY are cell column 

*          |          iX           |           (left to right) and 

*     Ymin +----------+------------+           row (top to bottom)

*        Xmin        pt.x        Xmax

*some of my C code from graduate school
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Transparency
in GoldSim 

Coding

This is an example of 
sloppy GoldSim coding.

Aliases are not used, nor are 
sensible indices to the cited 
columns used by GetColumn().

The QA on this would be time-
consuming and difficult.

(About ½ of this expression 
is shown here.)
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Transparency
in GoldSim 

Coding

Use aliases for 

exposed outputs from 

Localized containers.

The aliases should be 

clear and have unique 

names.

Tools at your disposal:
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Transparency
in GoldSim 

Coding

Use Sum elements for 

organizing summations.

(This would have 

helped the earlier code 

example.)

Tools at your disposal:
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Transparency in GoldSim Coding
Don’t cram too much into an expression or property.

Hard to follow Easy to read
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A mismash of 

elements on 

the page is not 

useful to 

anyone trying 

to understand 

the model.

Transparency
in Concepts
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Use the drawing 

tools and a logical 

arrangement of 

elements shows 

what is going on in 

the model.

Transparency
in Concepts
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Transparency in Concepts

A simple illustration can aid explanation .

Given a maximum depth 

zmax and a shape parameter 

b, the fraction f of roots 

(or burrows) above any 

depth z is given by
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Transparency in Concepts
Modeling tools can be described in the model itself:
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Transparency in Concepts
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Transparency in Concepts

The Species 

element may be 

fundamental to 

contaminant 

transport 

modeling, but it 

can be a challenge 

to interpret.
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Transparency in Concepts

The drawing 

tools can make 

this easier.
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Change Log

Every programming project 

needs a change log.
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Readability
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Traceability Within the Model
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Traceability Outside the Model
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Model Support

Models support can include ...

• internal documentation
(text, figures, equations, links),

• external documentation
(white papers, literature, data),

• external studies (other models), and

• regulatory guidance.
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Utility: Input Dashboards
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Utility: Results Dashboards
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Bringing it Together
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Bringing it Together

Sometimes simply organizing the 

appearance of calculations can 

help in communicating their role.
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Bringing it Together
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QA Tools in GoldSim

• Use the tools provided within 

GoldSim for QA:

• Note Panes

• Versioning

• Version change notes
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The Note Pane
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Model Versioning
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More GoldSim QA Tricks

Additional QA tricks:

• Cloned elements

• Referenced units

• Graph footer information
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Clones for QA
If an equation is used in more than one place, cloning it 

guarantees that it will be the same for all clones. 

That makes QA easier.
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Units from References

original units are in ft. and in...

...but of course we want meters

A reviewer will need to check those original units against the source.
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Run Stamps for Traceability

Do not ever remove 

this from the image, 

even in publication.


